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SURSHUWLHYV LQ DUFKLWHFWHG @QRWRIIGHNPDWHULDOV -ATERIALSA
$ONKDGHU 0 9XUDO 0 OHFKDQLFDO UHVSRQVH RI FHOOXODU VROLGYV
PLFURVWUXFWXUDO LUUHJXODULW\ )NTERNATIONALA*OURNALAOFA%NGINEERI
$O]XEDLGL / =KDQJ -/ +XPDLGL $ - HW DO 5HYLHZ Rl GHHS OHDUQLQJ ¢
FKDOOHQJHV DSSOLFDWLRQV IXWXUH GLUHFWLRQV *OURNALAOFA"IGASATA
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$0 .HWDQ 2 $O 5XE 5 . $ 5RZVKDQ 5 OHFKDQLFDO SURSHUWLHV RI D
LOQWHUSHQHWUDWLQJ SKDVH FRPSRVLWH PDWHULDOV I!DVANCEDA-ATERIALSA:
$0 .HWDQ 2 5RZVKDQ 5 $0O 5XE 5 . $ 7RSRORJ\ PHFKDQLFDO SURSHUW\ U
VWUXW VNHOHWDO DQG VKHHW EDVHG SHULRGLF PHWDOOLF FHOOXODU PDW
$0 .HWDQ 2 /HH ': $EX $0O 5XE 5 . OHFKDQLFDO SURSHUWLHV RI DGGLW
EDVHG J\URLGDO VWRFKDVWLF FHOOXODU PDWHULDOV I!DDITIVEA-ANUFACTUR
$QDQGDQ 1 :LOVRQ & * OH]D / 5 YXQFWLRQDOO\ JUDGHG VSLQRGDO QDC
XQSUHFHGHQWHG UHFRYHUDELOLW\ )NTERNATIONALA*OURNALAOFA-ECHANICA
$VKE\ 0 ) 7KH SURSHUWLHV RI IRDPV DQG ODWWLFHY OHILOSOPHICALAA4F
-ATHEMATICAL AOHYSICALAANDA%NGINEERINGA3CIENCES

SUIW ( 6L]H HIITHFWV LQ PDWHULDOV GXH WR PLFURVWUXFWXUDO DQG GL!
UHYLHZ ICTAA-ATER

%DL & & <DQJ ; ; /LX ' 6 HW DO 6XQIORZHU SLWK LQVSLUHG GXDO JUL
DUFKLWHFWXUH ZLWK DPSOLILHG PHFKDQLFDO IXQFWLRQV #HEMICALA%WNGINE
%DADQW = 3 6L]JH HIITHFW RQ VWUXFWXUDO VWUHQJWK $ UHYLHZ IRCHI
IRCHIV

%HUQDUG $ 5 (O6D\HG 0 6 $ '"HVLJQ PDQXIDFWXULQJ DQG DQDO\VLV R
FHOOXODU PDWHULDOV IRU HQHUJ\ DEVRUSWLRQ DSSOLFDWLRQV $ FULWLFDC
%HUWROGL . 5HLV 3 0 :LOOVKDZ 6 HW DO 1HJDWLYH 3RLVVRQYV UDWL
LQVWDELOLW\ IDVANCEDA-ATERIALS

%KDWH JRXU TXHVWLRQV LQ FHOOXODU PDWHULDO GHVLJQ -ATERIALS
%KDWH ' 3HQLFN & )HUU\ / HW DO &ODVVLILFDWLRQ DQG VHOHFWLRQ |
GHVLJQ (QJLQHHULQJ DQG ELRPLPHWLF DSSURDFKHV $ESIGNS

%KXZDO $ 6 3DQJ < $VKFURIW , HW DO "LVFRYHU\ RI TXDVL GLVRUGHUHG
QDWXUDO FHOOXODU PDWHULDOV *OURNALAOFATHEA-ECHANICSAANDAOHYSIC!
%LHQHU - +RGJH $ 0 +D\HV - 5 HW DO 6LJH HIIHFWV RQ WKH PHFKDQLFEL
. ANOA ETTERS

%LQGHU . 6WDXIIHU 7KHRU\ IRU WKH VORZLQJ GRZQ Rl WKH UHOD[DWLF
ELQDU\N PL[WXUHV OHYSICALA2EVIEWA ,ETTERS

%UH]Q\ 5 *UHHQ ' - 7KH HIIHFW RI FHOO VL]H RQ WKH PHFKDQLFDO EHKEC
-ETALLURGICAAETA-ATERIALIA

&DKQ - : 2Q VSLQRGDO GHFRPSRVLWLRQ !CTAA-ETALLURGICA

&DKQ - : +LOOLDUG - ( JUHH HQHUJ\ RI D QRQXQLIRUP VA\VWHP , ,QWHUI
OFA#HEMICALAOHYSICS

&DL - 6H\HGNDQDQL $ 6KDKU\DUL % HW DO 1DQR DUFKLWHFWHG *D1
WDLORUDEOH DQLVRWURSLF SLHJRHOHFWULF SURSHUWLHYV -ATERIALSA(ORIZC
&KDXGKXUL 6 5LWFKLH ' :X - - HW DO /HDUQLQJ JHQHUDWLYH PRGHOV
'"RAPHICSA&ORUM

&KHQ + < .ZRQ < 7KRUQWRQ . OXOWLIXQFWLRQDOLW\ RI WKUHH GLPHQV|
VWUXFWXUH 3CRIPTAA-ATERIALIA

&KHQ - ; :HL = < ;LDR ; < - HW DO OLQLQJ H[WUHPH SURSHUWLHV I[UF
GDWDEDVH .ATUREA#OMMUNICATIONS

&KHQ . 1 4LQ + / +H : HW DO '"HVLJQ RI RLO EHDULQJ SRUH VWUXFV
SHUIRUPDQFH VWXG\ 332.A%LECTRICA*OURNAL 6651
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&KLDQJ < 7XQJ & & /LQ ;' HW DO *HRPHWULFDOO\ WRXJKHQLQJ PHFKD!
LQVSLUHG E\ )LERQDFFL ODWWLFH LQ OLTXLGDPEDU IRUPRVDQD #OMPOSITEA
&KRXNLU 6 YDQ (JPRQG ' $ +DWWRQ % ' HW DO 7KH LQWHUSOD\ EHWZH

DUFKLWHFWXUDO GLVRUGHU LQ ELRLQVSLUHG KRQH\FRPE VWUXFWXUHV )NT

'D ' & &KDQ < & :DQJ / : HW DO 'DWD GULYHQ DQG WRSRORJLFDO
PHWDPDWHULDOV IRU IUDFWXUH UHVLVWDQFH %XTREMEA-ECHANICSA ,ETTERS
'D\QHV 6 7306 VKHHW VWUXFWXUHV ZLWK RUWKRUKRPELF V\PPHWU\ $QL
DEVRUSWLRQ *OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

'HQJ 6 * /HH ' &KDQGUDVHNKDU $ HW DO 'DWD GULYHQ WRSRORJ\ R
ELRPLPHWLF VSLQRGDO GHVLJQ 3TRUCTURALAANDA-ULTIDISCIPLINARYA/PTIMI
'"HQJ : 7 .XPDU 6 9DOORQH $ HW DO $, HQDEOHG PDWHULDOV GHVLJQ RI
ZLWK SUHGLFWDEOH GLUHFWLRQ GHSHQGHQW HODVWLF SURSHUWLHV IDVANC
'"HVKSDQGH 9 6 $VKE\ 0 ) )OHFN 1 $ JRDP WRSRORJ\ %HQGLQJ YHUVX
DUFKLWHFWXUHV ICTAA-ATERIALIA

'KXOLSDOD 6 3RUWHOD & O &XUYDWXUH JXLGHG PHFKDQLFV DQG GHVL
DUFKLWHFWHG PDWHULDOV *OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA
(MHK & - %DUVRXP , 5DVKLG . $ ,PSDFW EHKDYLRU RI SHULRGLF VWRFK
VXUIDFH ODWWLFH VDQGZLFK VWUXFWXUHV )NTERNATIONALA*OURNALAOFA-EC
(MHK & - $OKDPPDGL .. $EX $0 5XE 5 . JOH[XUDO EHKDYLRU RI DGGLWL"
EDVHG PLQLPDO VXUIDFH SHULRGLF VWRFKDVWLF DQG VSLQRGRLG ODW
-ANUFACTURING

(VFKHQDXHU + $ 20KRII 1 7RSRORJ\ RSWLPL]DWLRQ RI FRQWLQXXP VW
-ECHANICSA2EVIEWS

JLQGLN ) ,PSURYHPHQWY LQ VSLQRGDO DOOR\¥APYRPIGBRVW WR SUHVHQW
YUD]JLHU 3 , $ WXWRULDO RQ %D\HVLDQ RSWLPL]DWLRQ DU;LY H SULQWYV
YXMLWD 7 4LDQ / + ,QRNH . HW DO 7KUHH GLPHQVLRQDO PRUSKRORJ\
OHYSICSA,ETTERS

YXOFR 6 %XG]JLN O . ;LDR + < HW DO 'LVRUGHU HQKDQFHV WKH IUDFWXU
PHWDPDWHULDOV 0.!3A.EXUS SJDI

*DR + / =KX < % ODR / % HW DO 6XSHU HODVWLF DQG IDWLJXH UHVLVWD(
PXOWL DUFK PLFURVWUXFWXUH .ATUREA#OMMUNICATIONS

*LEVRQ [/ - ORGHOOLQJ WKH PHFKDQLFDO EHKDYLRU RI FHOOXODU PI
%NGINEERING Al

*LEVRQ / - &HOOXODU VROLGV -23A"ULLETIN

*LEVRQ / - $VKE\ 0 ) 7KH PHFKDQLFV RI WKUHH GLPHQVLRQDO FHOOXOD
20YALA3OCIETYAOFA,ONDON Al A-ATHEMATICALAANDAOHYSICALA3CIENCES
*ROQDU\ ) $VJIKDUL 0 ,QYHVWLIJDWLQJ WKH LQIOXHQFH RI WRSRORJ\ R
PLFURVWUXFWXUHV -ODELLINGAANDA3IMULATIONAINA-ATERIALSA3SCIENCEAANI
*ROQDU\ ) $VJIKDUL 0 'DWD GULYHQ DQDO\VLV RI VSLQRGRLG WRSRORJLH
HODVWLFLW\ WHQVRU GLVWULEXWLRQ )NTERNATIONALA*OURNALAOFA-ECHANI
*ROQDU\ ) $VJIKDUL 0 (INLFLHQW IHDWXUH H[WUDFWLRQ IRU PRUSKROF

SRURXV PLFURVWUXFWXUHV XVLQJ FRPSXWDWLRQDO KRPRORJ\ DQG XQVXSH
*OURNALAOFA-ECHANICS | 30LIDS
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*ROJGHQYHL]HU $ / $VI\IPSWRWLF SURSHUWLHV RI HLJHQYDOXHV LQ SURE
VKHOOV *OURNALAOFAI!PPLIEDA-ATHEMATICSAANDA-ECHANICS

*RRGIHOORZ , 3RXJHW $EDGLH - OLU]D 0O HW DO *HQHUDWLYH DGYHUVDL
THEA!#-

*UHHU - 5 'HVKSDQGH 9 6 7KUHH GLPHQVLRQDO DUFKLWHFWHG PDWH
IDEULFDWLRQ DQG PHFKDQLFDO EHKDYLRU -23A"ULLETIN

*URWK - + $QGHUVRQ & 0DJQLQL 0 HW DO JLYH VLPSOH WRROV IRU VWR
-ANUFACTURING

*XR / .DQVDUD + .KRVURVKDKL6 ) HW DO OXOWL ILGHOLW\ %D\HVLDQ
DEVRUELQJ VSLQRGRLG FHOOXODAIVTWURFWRKESY #OMPUTERSA

*XR < 4 6KDUPD 6 .XPDU 6 ,QYHUVH GHVLJQLQJ VXUIDFH FXUYDWXUHV
JNTELLIGENTA3YSTEMS

+DQ 6 & /HH - : .DQJ . $ QHZ W\SH RI ORZ GHQVLW\ PDWHULDO 6KHOOXC

+DQQD - $ %DNHU , :LWWPDQQ 0 : HW DO $ QHZ KLIJK VWUHQJIJWK VSLQRC
2ESEARCH

+DXSW 3 &RQWLQXXP PHFKDQLFVY DQG WKHRU\ RI PDWHULDOV 6SULQ.
+HLGHOEHUJ

+DUULJDQ 7 3 0DQQ 5 : &KDUDFWHUL]DWLRQ RI PLFURVWUXFWXUDO DQL
XVLQJ D VHFRQG UDQN WHQVRU *OURNALAOFA-ATERIALSA3CIENCE

+VLHK 0 7 (QGR % =KDQJ <) HW DO 7KH PHFKDQLFDO UHVSRQVH RI FHC
WRSRORJLHY *OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

+VLHK 0 7 %HJOH\ 0 5 9DOGHYLW / $UFKLWHFWHG LPSODQW GHVLJQV |
PLQLPDO VXUIDFH EDVHG WRARPRIIAMY -ATERIALSA

+XDQJ = < &DR ;) 1LX + HW DO 1XPHULFDO DQG H[SHULPHQWDO HYDOXD
RI WKH SHUIRUPDQFH Rl %&& WUXVV ODWWLFH VWUXFWXUHV -ECHANICSAOFA
,]JDUG * $ %DXHU - &URRN & HW DO 8OWUDKLJK HQHUJ\ DEVRUSWL
QDQRDUFKLWHFWXUHV 3MALL

-LD < 4 /LX . =KDQJ ; 6 D ORGXODWH VWUHVV GLVWULEXWLRQ ZLWK ELF
PDWHULDOV WRZDUGYV RSWLPDO WLVVXH VXSSRUW .ATUREA#OMMUNICATIONS
-LD < 4 /LX . =KDQJ ; 6 E 7RSRORJ\ RSWLPL]DWLRQ RI LUUHJXODU PXOWL
UHVSRQVHV XVLQJ D YLUWXDO JURZWK UXOH #OMPUTERA-ETHODS AINAIPPI

-LD = $ <X < +RX 6 < HW DO %LRPLPHWLF DUFKLWHFWHG PDWHULD
SHUIRUPDQFH *OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

-LDR & ;LH ' 4 +H = - HW DO $GGLWLYH PDQXIDFWXULQJ RI ELR LQVSI
BWUXFWXUDO GHVLJQ PHFKDQLFDO SURSHUWEWRSHBQGNELRFRPSDWLELOLW\ -2
-LDR 3 & OXHOOHU - 5DQH\ - 5 HW DO OHFKDQLFDO PHWDPDWHUL
#OMMUNICATIONS

-LQ + ; =KDQJ % < &DR 4 < HW DO &KDUDFWHUL]DWLRQ DQG LQYHUVH G
PHWDPDWHULDOV XVLQJ QHXUDO RSHUDWRUV !DVANCEDA-ATERIALS

-LQQDL + .RJD 7 1LVKLNDZD < HW DO &XUYDWXUH GHWHUPLQDWLRQ RI \

PDWWHU VI\VWHP OHYSICALA2EVIEWA ETTERS
.DQLW 7 )RUHVW 6 *DOOLHW , HW DO '"HWHUPLQDWLRQ RI WKH VL]H RI W
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UDQGRP FRPSRVLWHV 6WDWLVWLFDO DQG QXPHULFDO DSSURDFK )NTERNATI

.DQVDUD + .KRVURVKDKL 6 ) *XR / HW DO 0OXOWL REMHFWLYH %D\HVL
FHOOXODU VWUXFWXUHV IRU FUXVK HQHUJ\ DEVRUSWLRQ #OMPUTERA-ETHOI

.DUDSLSHULYV . .RFKPDQQ ' 0 BUHGLFWLRQ DQG FRQWURO RI IUDFWXUH
PDWHULDOV XVLQJ JUDSK QHXUDO QHWZRUNV #OMMUNICATIONSA%NGINEERIN
.KDOHJKL 6 'HKQDYL ) 1 %DJKDQL 0O HW DO 2Q WKH GLUHFWLRQDO H¢
VWUXFWXUHY DQG D QRYHO K\EULGL]DWLRQ PHWERSEWRERRQWURO DQLVRWUR
.ODGRYDVLODNLYV 1 &KDUDODPSRXV 3 %RXPSDNLV $ HW DO 'HYHORSPH
WLELDO VFDIIROG ZLWK DGYDQFHG DUFKLWHFWHG PDWHULDOV XWLOL]JLQJ
-ECHANICALA"EHAVIORAOFA"IOMEDICALA-ATERIALS

.RFKPDQQ ' 0 +RSNLQV - % 9DOGHYLW / OXOWLVFDOH PRGHOLQJ DQG RSV
KLHUDUFKLFDO PHWDPDWHULDOV -23A"ULLETIN

.RRQV * / 'LED 0 OLNRV $ * ODWHULDOV GHVLJQ IRU ERQH WLVVXH HC
-ATERIALS

.XPDU 5 .XPDU 0 &KRKDQ -6 HW DO 2YHUYLHZ RQ PHWDPDWHULDO +LVV
-ATERIALSA40DAY AOROCEEDINGS

.XPDU 6 7DQ 6 =KHQJ / HW DO ,QYHUVH GHVLJQHG VSLQRGRLG PHWEC
-ATERIALS

/IDQ]JRQL ' )DQWDVLD $ %HUJDPDVFKLQL 5 HW DO ([ WUHPH WLPH H[W

WKHUPRG\QDPLF FRQVLVWHQF\ RI SK\VLFV LQVSLUHG QHXUDO QHWZRUNV IR
PDWHULDOV YLD &DKQ +LOOLDUG IORZ -ACHINEA,EARNINGA3CIENCEAANDA4EC

/IDXQH\ 0 ( 5LWFKLH 5 2 2Q WKH IUDFWXUH WRXJKQHVV Rl DGYDQFHG PDW
/HH 0 1 ORKUD] $ %LFRQWLQXRXV PDFURSRURXV PDWHULDOV IURP %LMH:¢
JHH 01 7KLMVVHQ - + - :LWW - $ HW DO ODNLQJ D UREXVW LQWHUIDFLDC
OLQN WR SURFHVVDELOLW\ !DVANCEDA&UNCTIONALA-ATERIALS

/HKPDQQ ) 7URVFKLW] - *XGH 0 ,QIOXHQFH RI /3%) SURFHVV SDUDPHWH!
VWDLQOHVV VWHHO RQ WKH DGKHVLRQ SURSHUWLHV ZLWK WKHUPRSODVWLFV
/L . /LDQJ + 6 /LDR 5 % HW DO 7RSRORJLFDOO\ HQJLQHHUHG VSLQRGDO
DQG PDVV WUDQVSRUW LQ ERQH WLVVXH HQJLQHHULQJ 4HIN 7ALLEDA3TRUCT!
/L < YHQJ = < +DR / HW DO $ UHYLHZ RQ IXQFWLRQDOO\ JUDGHG PDWHUI

PDQXIDFWXULQJ JURP PXOWL VFDOH GHVLIJQ WR YHUVDWLOH IXQFWLRQI
4ECHNOLOGIES

/ILX . 6XQ 5 'DUDLR & *URZWK UXOHV IRU LUUHJXODU DUFKLWHFWHG
SURSHUWLHYV 3CIENCE

/ILX 6 $FDU 3 *HQHUDWLYH DGYHUVDULDO QHWZRUNV IRU LQYHUVH GH)\
PHWDPDWHULDOV !)IIA*OURNAL

/ILX < ;LD % = =KRX < HW DO 'LVRUGHUHG PHFKDQLFDO PHWDPDWHULDO
ICTAA-ATERIALIA

/ILX < - :DQJ + < <DQ /: HW DO OHFKDQLFDO SURSHUWLHV RI KRPRJHQHR

VSLQRGDO VWUXFWXUHYV )NTERNATIONALA*OURNALAOFA-ECHANICALA3CIENCE!
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/JLX = 4 =KDQJ = ) 5LWFKLH 5 2 BWUXFWXUDO RULHQWDWLRQ DQG DQL
)XQFWLRQDO GHVLJQV DQG PHFKDQLFV !DVANCEDA&UNCTIONALA-ATERIALS
/LX = 4 =KX < . -LDR ' HW DO (QKDQFHG SURWHFWLYH UROH LQ PDWHL
RULHQWDWLRQV /HVVRQV IURP QDWXUH !CTAA"IOMATERIALIA

/X / -LQ 3 = 3DQJ *) HW DO /HDUQLQJ QRQOLQHDU RSHUDWRUV YLD 'HH
DSSUR[LPDWLRQ WKHRUHP Rl RSHUDWRUV .ATUREA-ACHINEA)NTELLIGENCE
/IX[QHU 0 :RHV] $ 6WDPSIO - HW DO $ ILQLWH HOHPHQW VWXG\ RQ WKH
VWUXFWXUHV ICTAA"IOMATERIALIA

0DJULQL 7 )R[ & :LKDUGMD $ HW DO &RQWURO RI PHFKDQLFDO DQG IUI
PDWHULDOV UHLQIRUFHG E\ FRQWLQXRXV LUUHJXODU QHWZRUNV IDVANCEDA
ODKDEDGL 5 . &KHQ = 2JUHQ $ & HW DO *UDSK EDVHG GHVLJQ RI L
JNTERNATIONALA*OURNALAOFA-ECHANICALA3CIENCES

ODQGROHVL % ,DQGLRULR & %HODUGL 9 * HW DO 6SLQRGDO GHFRP:

7DLORUHG KRPRJHQL]JHG HODVWLF SURSHUWLHYV YLD WKH GLPHQVLRQOHVYV &D
-ECHANICS ! 30LIDS

ODR $ 5 &KHQ - : %X ; & HW DO %DPERR LQVSLUHG VWUXFWXUDOO\ HIII
FRQWLQXRXV JUDGLHQW 3MALL

ODUWLQD 0 6XEUDPDQ\DP * :HDYHU - & HW DO '"HYHORSLQJ PDFURSRURX
VFDIIROGV IRU WLVVXH HQJLQHHULQJ "IOMATERIALS

ODVNHU\ , $UHPX $ 2 3DUU\ / HW DO (ITHFWLYH GHVLJQ DQG VLPXODYV
VWUXFWXUHYV IHDWXULQJ YROXPH IUDFWLR@ DSESIKFHNOO W\SH JUDGLQJ -ATERI
OFOLOODQ ./ g]WeUN ' 6 $FDU 3 ,QYHUVH GHVLJQ RI ' PHFKDQLFDO PH\
WRSRORJLHV XQGHU XQFHUWDLQW\ ,Q $,$% 6&,7(&+ YRUXP

OXVWKDID + 6 1 :DONHU - '"HVLJQ Rl WUDEHFXODU ERQH PLPLFNLQJ YRUR
&)' PRGHOOLQJ Rl QRQ QHZWRQLDQ SRZHU ODZ EORRG IORZ "EHAVIOUR A#OM|
1DOH $ &KLR]]JL $ 6HQKRUD ) 9 HW DO /DUJH VFDOH DGGLWLYH PDQXID
VSLQRGDO PDWHULDO DUFKLWHFWXUHYV IDDITIVEA-ANUFACTURING

ILWVFKH - & & BHULRGLF VXUIDFHV WKDW DUH H[WUHPDO IRU HQHUJ\

IXQFWLRQV 3TATISTICAL AAHERMODYNAMICS AAND A$IFFERENTIAL A'TEOMETRY /
6OLUMESAINA-ATHEMATICSAANDAITSAIPPLICATIONS

216KHD . 1DVK 5 $Q LQWURGXFWLRQ WR FRQYROXWLRQDO QHXUDO Q
2WWR $ 5RVHQNUDQ] 0 .DOLQD . $ HW DO 'DWD GULYHQ LQYHUVH GH'
PDWHULDOV '!-- -ITTEILUNGEN H

3HQJ % <H : 4LQ < HW DO ODFKLQH OHDUQLQJ HQDEOHG FRQVWUDL
DUFKLWHFWHG PDWHULDOV .ATUREA#OMMUNICATIONS

3HQJ - :DQJ 5 & =KX 0 ; HW DO VXSHUSODVWLF VWUDLQ LQ D HX
PLFURPHWHU VL]HG JUDLQV PDLQWDLQHG E\ VSLQRGDO OLNH GHFRPSRVLWLR(
3KDP 06 /LX & 7RGG , HW DO 'DPDJH WROHUDQW DUFKLWHFWHG PD
PLFURVWUXFWXUH .ATURE

3RODU] 6 $QWRQLHWWL 0 3RURXV PDWHULDOV YLD QDQRFDVWLQJ SUR
OHDUQLQJ DERXW VRIW PDWWHU RUJDQL]DWLRQ #HEMICALA#OMMUNICATIONS
3RUWHOD & 0 9LG\DVDJDU $ .U|GHO 6 HW DO (IWUHPH PHFKDQLFDO

QDQRODE\ULQWKLQH PDWHULDOV OROCEEDINGSAOFATHEA.ATIONALAICADEMY/
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3XJOLHVH 5 *UD]LRVL 6 %LRPLPHWLF VFDIIROGV XVLQJ WULSO\ SHULR
VWUXFWXUHV IRU ELRPHGLFDO DSSOLFDWLRQV 3,!3A4ECHNOLOGY

5DPLUH] &KDYH] , ( $QGHUVRQ ' 6KDUPD 5 HW DO $ FODVVLILFDWLRQ RI
PDWHULDOV $ESIGNS

5D% ORIl $ 6HLEHUW 3 .DOLQD . $ HW DO ,QYHUVH GHVLJQ RI VSLQRC
RSWLPL]DWLRQ #OMPUTATIONALA-ECHANICS

5H\HV ODUWLQH] 0 $ &KDQ ( 3 6ROHV &/ HW DO 7XQLQJ WKH PHFKDQLF
QHWZRUNV IRU LPSDFW PLWLJDWLRQ 3OFTA-ATTER

5REHUWV $ 3 *DUERF]L ( - D (ODVWLF SURSHUWLHY RI PRGHO UDQGRP WK
*OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

5SREHUWV $ 3 *DUERF]L ( - E &RPSXWDWLRQ Rl WKH OLQHDU HODVWLF

PDWHULDOV ZLWK D ZLGH YDULHW\ RI PLFURVWUXFWXUH OROCEEDINGSAOFAT
ANDA%NGINEERINGA3CIENCES

5|GLQJ 0 :nKOVWUDQG 6NIUVWU|P 9 /RUpQ 1 ,QYHUVH GHVLJQ RI DQLVRW
SUHVFULEHG GLIIXVLYLW\ 3CIENTIFICA2EPORTS

5RVHQNUDQ] 0 .IVWQHU 0 B6EDO]JDULQL , ) 'DWD HIILFLHQW LQYHUVH GH\
JNTEGRATINGA-ATERIALSAANDA-ANUFACTURINGA)NNOVATION

6DUYHVWDQL + < $NEDU]JDGHK $ + 1LNQDP + HW DO ' SULQWHG DUFK
SDQHOV (QHUJ\ DEVRUSWLRQ DQG VWUXFWXUDO SHUIRUPDQFH #OMPOSITEAS3
6FKDHGOHU 7 $ &DUWHU : % $UFKLWHFWHG FHOOXODU PDWHULDOV INNL

6FKX0O] ( 6SHHNHQEULQN 0 .UDXVH $ $ WXWRULDO RQ *DXVVLDQ SUI
H[SORULQJ DQG H[SORLWLQJ IXQFWLRQV *OURNALAOFA-ATHEMATICALAOSYCH
6HQKRUD ) 9 6DQGHUV (' 3DXOLQR * + 2SWLPDOO\ WDLORUHG VSLQRC
PXOWLVFDOH GHVLJQ DQG PDQXIDFWXULQJ !DVANCEDA-ATERIALS

6HQKRUD ) 9 6DQGHUV (' 3DXOLQR * + 8QELDVHG PHFKDQLFDO FORDNYV
ICADEMYAOFA3CIENCES H

6KDKULDUL % 6ZHUVN\ . :DQJ = < HW DO 7DNLQJ WKH KXPDQ RXW RI WK
RSWLPL]DWLRQ OROCEEDINGSAOFATHEA)% %%

6KHQ 0 /LX . ODR 6 HW DO 6HOlI VXSHUYLVHG $, IRU GHFRGLQJ D
PHWDPDWHULDOV 3CIENCEAI!DVANCES HDG[

6KL - + -X . &KHQ + < HW DO ' SULQWHG DUFKLWHFWHG VKHOO EDVHG |
SURJUDPPDEOH SLHJRHOHFWULF DQG S\URHOHFWULF SURSHUWLHV .ANOA®%NE
6RQJ $ *HQHUDWLRQ RI WXEXODU DQG PHPEUDQRXV VKDSH WH[WXUHV ZL
OFA-ATHEMATICALA)MAGINGAANDAGISION

6R\DUVODQ & %DUJPDQQ 6 3UDGDV 0 HW DO ' VWRFKDVWLF ELFRQWLQX
WRSRORJ\ DQG HODVWLFLW\ ICTAA-ATERIALIA

6UHHQLYDVD 9 .DOLVNH 0 OHFKDQLFDO EHKDYLRU DQG GDPDJH HYROXW
VSLQRGRLGYV OROCEEDINGSAINAIPPLIEDA-ATHEMATICSAANDA-ECHANICS H

6WHLJPDQQ ' - 7ZR GLPHQVLRQDO PRGHOV IRU WKH FRPELQHG EHQGLQJ
VKHOOV EDVHG RQ WKUHH GLPHQVLRQDO OLQHDU HODVWLFLW\ )NTERNATIO}

6XUMDGL - 0 3RUWHOD & 0 (QDEOLQJ WKUHH GLPHQVLRQDO DUFKLWHFWH
WLPHVFDOHV .ATUREA-ATERIALS
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7KDNRONDUDQ 3 (VSLQDO 0 'KXOLSDOD 6 HW DO ([SHULPHQW LQIRUPH(
VSLQRGDO PHWDPDWHULDOV %XTREMEA-ECHANICSA ETTERS

7XUXQHQ 0 - /H &DQQ 6 7XGLVFR ( HW DO 6XE WUDEHFXODU VWUDLQ
ERQH 3CIENTIFICA2EPORTS

7¢]HV ' ,VSIiQRYLW\ 3 ' =DLVHU 0 'LVRUGHU LV JRRG IRU \RX 7KH LQIOXHC
ORFDOL]DWLRQ DQG GXFWLOLW\ RI VWUDLQ VRIWHQLQJ PDWHULDOV )NTERNA
8FKH 2 8 6WLOOLQJHU ) + 7RUTXDWR 6 &RQVWUDLQWY RQ FROOHFWLYH
OHYSICALA2EVIEWA%

9DIDHHIDU 0 ORHUPDQ . 0 .DYRXVL 0 HW DO D $ PRUSKRORJLFDO WR
LQYHVWLJIJDWLRQ RI J\URLG VSLQRGRLG DQG GXDO ODWWLFH DOJRULWKPV I
*OURNALAOFATHEA-ECHANICALA"EHAVIORAOFA"IOMEDICALA-ATERIALS
9DIDHHIDU 0 ORHUPDQ . 0 9DXJKDQ 7 - E ([SHULPHQWDO DQG FRPSXWDYV
DEVRUSWLRQ FKDUDFWHULVWLFV RI WKUHH ELRPLPHWLF ODWWLFH VWUXF)\
-ECHANICALA"EHAVIORAOFA"IOMEDICALA-ATERIALS

9DQJHODWRYV = 6KHLNK + 0 ODUFXV 3 6 HW DO 6WUHQJIJWK WKURXJK GHIF
IRU WKH RSWLPL]DWLRQ RI DUFKLWHFWHG PDWHULDOV 3CIENCEAIDVANCES
YDQ (JPRQG " $ <X % &KRXNLU 6 HW DO 7KH EHQHILWY RI VWUXFWXUD
VROLGY DU;LY SUHSULQW DU;LY

9HOXYDOL + 6 %HQLZDO 6 1LND * HW DO KHQ VFDOH PDWWHUV 6L]H GH
ODWWLFHV IRU LPSODQWY DQG EH\RQG 3MALLA3TRUCTURES H

9LG\DVDJDU $ .U|GHO 6 .RFKPDQQ 0 ° OLFURVWUXFWXUDO SDWWHUQ)

DQLVRWURS\ REWDLQHG E\ VLPXODWLQJ DQLVRWURSLF VSLQRGDO GHFRPSRYV
-ATHEMATICALAOHYSICALAANDA%NGINEERINGA3CIENCES

9XLMN + ' %UDGHU - 0 6KDUPD $ (I"THFW Rl DQLVRWURSLF GLIIXVLRQ RQ
-ATTER
:DQJ (' <DR 5 < /L 4 HW DO ILIKWZHLJKW PHWDOOLF FHOOXODU PDWH!

PHFKDQLFDO FKDUDFWHULVWLFY DQG HQJLQHHULQJ DSSOLFDWLRQV )NTERN/

:DQJ * ' -LDR 3 %DL - % HW DO 4XDVL LVRWURS\ LQ QRQ SHULRGLF PH
VROXWLRQ IRU GLUHFWLRQDO IUHHGRP 4HIN 7ALLEDA3TRUCTURES

:DQJ + /\X <7 -LDQJ - HW DO D 'DWD GULYHQ LQYHUVH GHVLJQ RI QRYHO
KLIKO\ PDWFKHG PHFKDQLFDO SURSHUWLHV LQ WKWASE RGWKRIJRQDO GLUHFWI
:DQJ + :X - < &KHQ < + HW DO E 'HVLJQ Rl QRYHO QRQ SHULRGLF ELRPL|
WKH PRYLQJ PRUSKDEOH FRPSRQHQABE PHBWMKRG -ATERIALSA

:DQJ / : %RGGDSDWL - /LX . HW DO OHFKDQLFDO FORDN YLD GDWD GU
GHVLJQ OROCEEDINGSAOFATHEA.ATIONALAICADEMYAOFA3CIENCES H

:DQJ / : &KDQ < & $KPHG ) HW DO '"HHS JHQHUDWLYH PRGHOLQJ IRU PH
DQG GHVLJQ RI PHWDPDWHULDO V\VWHPV #OMPUTERA-ETHODSAINAIPPLIEDA-E
:DQJ 5 & /LX . %LDQ < - 1RQOLQHDU PHFKDQLFDO SURSHUWLHV RI LUU
*OURNALAOFA!IPPLIEDA-ECHANICS

:DQJ ; + <DQ =0 *XR 6 HW DO (QKDQFLQJ FRPSUHVVLYH PHFKDQLFDO SUI
EDVHG DUFKLWHFWHG PDWHULDOV #OMPOSITEA3TRUCTURES

‘HL = < &KHQ - ; :HL . *HQHUDWLYH GHHS OHDUQLQJ IRU GHVLJQLQJ LU

SURJUDPPDEOH QRQOLQHDU PHFKDQLFDO UHVSRQVHV )NTERNATIONAL A*OU
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‘HL = < :HL . <DQJ ; - ,QYHUVH GHVLJQ RI LUUHJXODU DUFKLWHFWHG P
VWLIIQHVY EDVHG RQ GHHS OHDUQLQJ #OMPOSITEA3TRUCTURES

tHIJVW 8 * $VKE\ 0 ) 7KH PHFKDQLFDO HIILFLHQF\ RI QDWXUDO PDWHULDC
"RMFLHFKRZVNL % ([SHULPHQWDO LQYHVWLJIJDWLRQ RI DFRXVWLF DEVRI
VSLQRGRLG PHWDPDWHULDOV >0DVWHU 7KHVLV@ :LFKLWD 6WDWH 8QLYHUVL
:RMFLHFKRZVNL % ;XH < 7 5DEEDQL $ HW DO $GGLWLYHO\ PDQXIDFWXUI
'DDITIVEA-ANUFACTURING

X ¢ ;LD 5 4LDQ * HW DO OHFKDQRVWUXFWXUHY 5DWLRQDO PHFKDC

SHUIRUPDQFH HYDOXDWLRQ DQG LQGXVWULDO DSSOLFDWLRQ RI DGYDQFHG

;LD / %UHLWNRSI 3 5HFHQW DGYDQFHV RQ WRSRORJ\ RSWLPL]DWLRQ RI
IRCHIVESAOFA#OMPUTATIONALA-ETHODSAINA%NGINEERING

;LDQJ < - 7LDQ - 7DQJ .. HW DO ORUSKRORJLFDO GHVLJQ DQG WXQDEO|
VSLQRGDO PHPEUDQH VWUXFWXUHV $GDSWLYH FRDUVH JUDLQHG PRGHOOLQJ
:LQJ + = :DQJ < - =KDQJ 6 < HW DO '"HVLJQ IDEULFDWLRQ PHFKDQL
DSSOLFDWLRQV RI VKHOO EDVHG QDQRDUFKLWHFWHG PDWHULDOV 3MALLA3TF
X < ' =KDQJ + = aDYLMD % HW DO '"HIRUPDWLRQ DQG IUDFWXUH RI '
PDWHULDOV ([SHULPHQWY DQQ@ AFESHOGNQJ -ATERIALSA

<DQ 0 + :DQJ 5 & /LX . 3RSXODWLQJ FHOOXODU PHWDPDWHULDOV RQ
HODVWLFLW\ WKURXJK QHXURHYROXWLRQ #OMPUTERA-ETHODSAINAI!IPPLIEDA-I
<DQJ 6 1 ;LH + *XDQ + HW DO 5HFRYHUDEOH WXQLQJ RI ODWWLFH PLVPD
QDQRVWUXFWXUHG &X $J VSLQRGRLG DOOR\V ICTAA-ATERIALIA

<DVVLQH 0 $OPDVNDUL ) =DNL : /IRZ VSHHG LPSDFW SHQHWUDWLRQ FK
WULSO\ SHULRGLF PLQLPDO VXUIDFHV )NTERNATIONALA*OURNALAOFA-ECHANI
<DYDV ' /LX 4 < =KDQJ = < HW DO '"HVLJQ DQG IDEULFDWLRQ RI DUFKLYV
ZLWK WXQDEOH VWLIIQHVV VWUHQJWK DRAE$SHEYMWNI\ DEVRUSWLRQ -ATERIALS
<HUDQHH . 5DR < $ UHYLHZ RI UHFHQW LQYHVWLJDWLRQV RQ IORZ DQC
FRROLQJ FKDQQHOV HPEHGGHG ZLWK WULSO\ SHULRGLF PLQLPDO VXUIDFHV 7
<LOGL] 6 (JHU = ( $FDU 3 $GGLWLYHO\ PDQXIDFWXUHG VSLQRGDO PHWDI
$ GDWD GULYHQ GHVLJQ IUDPHZRUN ,Q $,$% 6&,7(&+ JRUXP

=DLVHU 0 =DSSHUL 6 'LVRUGHUHG PHFKDQLFDO PHWDPDWHULDOV .ATURE
=KDQJ < ; <DQJ < ;LH 5 HW DO BWUXFWXUDO GHVLJQ RI WRXJK SRURX
ELRPLPHWLF 3MALL H

=KHQJ / .XPDU 6 .RFKPDQQ 'O 'DWD GULYHQ WRSRORJ\ RSWLPL]DWLRQ F
ZLWK VHDPOHVVO\ WXQDEOH DQLVRWURS\ #OMPUTERA-ETHODSAINAIPPLIEDA-!
=KHQJ </ /L = B6RQJ = * $ JHQHUDWLYH PDFKLQH OHDUQLQJ PRGHO IR
PDWHULDO PLFURVWUXFWXUH DQG SHUIRUPDQFH HYDOXDWLRQ #OMPUTER
%NGINEERING

=KRX < + =KHQJ <) =KDQJ < 4 HW DO ,QYHUVH GHVLJQ RI JURZWK LQ\
PDWHULDOV IRU SURJUDPPDEOH SURSHUWLHY %XTREMEA-ECHANICSA,ETTERS
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6SLQRGRLG QRQ SHULRGLF DUFKLWHFWHG PDW#
SHUIRUPDQFH SUHGLFWLRQ GHVLJQ DQG DS

<VWpSF$st OVWS $8%$t$ <=VWpS YZB Ny=S Ystj$~

7{YBBjSBPSV,,BR}s{,Set $t,,,$t SqR$t YZsS=t$%,,R$ k S ,$ $t Sd((

$EVWUDFW qY,BZ YSR ,Z{ Z,sjSI,R$ t Ss,{Y$ ,{ ,1S8s ,,$SjRS{stSs{Y$,%,S,-
Y,,,PB,,SYs%,SPBZtISA,BslISs}}j${s $BtRSs{,BRRSA$BS8,I${sj Ss,,BR}s{, S,
8s$tR Syt{B,}B,s $t StBtT},,$BI${$ kS$t BSR ,Z{ Z,sjSI,R$ tSY,j}JRS8% $ s ,!
iB{sj$9,ISPs$jZz,,S$tS{Bt%,t $BtsjS},,$B1${S8s ,,$sjR Sj,sI$t S BS$8},B%,IS
stISI,P,{ S$tR,tR$ $%$ k S<Bb,%,, S Y,Ssll,I1S{B8}j,-$ kS$8}BR,RS{B8}Z s
{Ysjj,t ,R S{sjj$t SPB,S Y, SI,%,jB}8,t SBP St,b S Y,B,, ${sj SP,s8,bB,,R Sst
7}$tBIB$I1S8s ,,$sjR\R}$tBIsjTj$,,S8s ,,$sjR S{Ys,s{ ,,$9,I SAKSR}$tBIsjS B}
tBtT},,$BI${Ss,{Y$ ,{ ,1S8s ,,$sjR SstIS Y,S,,R,s,{YS}s,slI$ 8S,R sAj$SRY,ISH
t,,5]$9,1S BS},,I1${ S8,{Yst${sjS},,PB,8st{,SstlS Z$I,SR ,Z{ Z,sjSI,R$ t SBF
},.$BI${Ss,{Y$ .{ Z,,R SqY$RS,,%$,bSPB{ZR,RSBtSR}$tBIB$ISR ,Z{ Z,,RSsR
1Z{$t S Y,$,S8BI,j$t S},$t{$}j,R S,PP,{ $%,S8,{Yst${sjS}.B},, $,R SI,R$ tSst
stlS k}${sjSs}}j${s $BtR SG,SRz88s,%$9,S Y,S{Z,.,,.t S,,R,s,{YSstIS},B}BR, SF
b$ YS Y,Ss$8SBP S{Ys, $t Ss S,BsI8s}SPB, StBtT},,$BI1${Ss,{Y$ .{ .1S8s ,,$
8, YBIRSs{,BRRS Y,S$t, ,s ,1S38BI,j$t xI,R$ t+8stZPs{ Z,$t +s}}j${s $Bt"S}$

_.H\ZRUGV R}$tBIB$I SR}$tBIsjS B}BjB k Ss,{Y$ ,{ ,I1S8s ,,$sjR StBtT},,$BI${
st{,S},.1${ $Bt S$t%,, R,SI,R$ t

i,{,$%,IlUS*SFstZs,kS1(1E Ss{{,} ,lUSnS s,{YS1(1E SBtj$t,USn(S s,{YS1(1E
~1SeT8s$jUSj$Z9Ystj$o RSt YZs ,1Z {t
EIL(1ES &8#0%'5S+0S '%*#0+%5
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