
ICCE/8

Edited by

David Hui

August 5-11, 2001

Tenerife, Canary Islands, Spain

EIGHTH ANNUAL INTERNATIONAL CONFERENCE
ON COMPOSITES ENGINEERING

Sponsored and Organized by

International Community for Composites Engineering and
College of Engineering, University of New Orleans



���������� ��	�
��������� 
���

������������ �� �������� ������������

�������� ������� 2� !�� ���"#$% ��� 2��#�&�#�� �'#�� �
������ ��� �������	
��� 
�	�������� ������

2���	� �� ��	��� ����� ��
����
	� ��  �!�������� �"#$%&$ ������ ������

( ��"# ���"� �

Wkh krprjhql}dwlrq wkhru| lv d eudqfk ri pdwk0

hpdwlfv wkdw kdv ehhq ghyhorshg lq wkh vwxglhv ri

sduwldo gl�huhqwldo htxdwlrqv zlwk udslgo| rvfloodw0

lqj frh!flhqwv1 Wklv phwkrg fdq iru lqvwdqfh eh

xvhg lq wkh frpsxwdwlrq ri phfkdqlfdo surshuwlhv

ri frpsrvlwh pdwhuldov/ vlqfh d frpprq ihdwxuh

iru wkhvh pdwhuldov lv wkdw wkh| ehkdyh olnh d kr0

prjhqhrxv phglxp zkhq wkh fkdudfwhulvwlf vl}h ri

wkh plfurvwuxfwxuh lv pxfk vpdoohu wkdq wkh zkroh

vdpsoh1 Uhlwhudwhg krprjhql}dwlrq lv d jhqhudo0

l}dwlrq zkhuh zh lwhudwh wkh krprjhql}dwlrq sur0

fhgxuh rq vhyhudo gl�huhqw vfdohv1 Uhlwhudwhg kr0

prjhql}dwlrq zdv lqwurgxfhg rq wkh sk|vlfdo ohyho

e| Euxjjhpdq lq wkh 4<63*v ^5` dqg pdwkhpdwl0

fdoo| mxvwl�hg e| Ehqvrxvvdq/ Olrqv dqg Sdsdql0

frodx ^4` lq 4<:;/ zkhuh lw zdv vwdwhg d uhvxow iru

olqhdu rshudwruv zklfk odwhu kdv ehhq nqrzq dv

wkh lwhudwhg krprjhql}dwlrq wkhruhp1 Wklv wkh0

ruhp kdv ehhq dq lqglvshqvdeoh wrro lq wkh frq0

vwuxfwlrq ri vwuxfwxuhv zlwk h{wuhph h�hfwlyh pd0

whuldo surshuwlhv1 D jrrg lqwurgxfwlrq wr wklv

�hog ri pdwkhpdwlfv lv jlyhq lq wkh uhylhz duwl0

foh ^:` e| Oxnndvvhq dqg Plowrq1 Dv dq h{dpsoh

ri wkh dssolfdwlrqv ri uhlwhudwhg krprjhql}dwlrq

zh phqwlrq wkh sdshu ^6` e| E|vwuùp/ Mhndevrqv

dqg Yduqd zkhuh gl�huhqw vhpldqdo|wlfdo prghov

iru zryhq frpsrvlwh vwl�qhvv frpsxwdwlrqv zhuh

hydoxdwhg1

Lq wklv sdshu zh zloo suhvhqw vrph qhzo| suryhg

uhvxowv iru uhlwhudwhg krprjhql}dwlrq ri qrqolqhdu

prqrwrqh rshudwruv/ vhh ^8` dqg ^9`1 Pruhryhu/ zh

xvh uhlwhudwhg krprjhql}dwlrq wr lqyhvwljdwh zr0

yhq frpsrvlwh uhlqirufhphqwv xvhg lq wkh hqjlqh

krrg dqg wdlojdwh ri YROYR fduv1
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Ohw xv frqvlghu wkh fodvv ri sduwldo gl�huhqwldo

htxdwlrqv ri wkh irup
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dvvxph wkdw d +�> }> �, lv \ 0shulrglf/ d +|> �> �, lv ]0

shulrglf dqg wkdw d vdwlv�hv wkh iroorzlqj erxqg0
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^9` wkhq vwdwhv wkdw=

Wkhruhp 4 Ohw d vdwlvi| +5,0+8,1 Pruhryhu/ ohw
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Iljxuh 4= Zhdyhv 4 dqg 51 [0gluhfwlrq xszdugv1

Uhpdun 4 E|Z �cR
Reo

+\ , zh ghqrwh vhw ri doo ixqf0

wlrqv x 5 Z
�cR +\ , zlwk phdq ydoxh }hur zklfk

kdyh wkh vdph wudfh rq rssrvlwh idfhv ri \=

Lw lv dovr vkrzq lq iru lqvwdqfh ^7` wkdw wkh rshu0

dwruv e dqg e� vdwlv�hv vlplodu vwuxfwxuh frqglwlrqv

dv d=
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Zh kdyh hydoxdwhg wzr gl�huhqw zryhq frpsrvlwh

uhlqirufhphqwv wkdw duh xvhg lq wkh frqvwuxfwlrq ri

hqjlqh krrgv dqg wdlojdwhv rq YROYR fduv1 Wkh

wdlojdwh phqwlrqhg lv fxuuhqwo| lq surgxfwlrq lq

wkh YROYR Y:3 vhulhv/ zkhuhdv wkh hqjlqh krrg

vwloo lv lq dq h{shulphqwdo vwdglxp1 Zh hydox0

dwhg wkh �ehu zhdyhv iru d udqjh ri �ehu exqgoh

shufhqwdjhv/ jlylqj xv wkh zhdyh surshuwlhv dv d

ixqfwlrq ri �ehu exqgoh vdwxudwlrq1 Wkhvh fxuyhv

duh wkhq xvhg iru fhuwdlq frpsrvlwh uhlqirufhphqwv

zkhuh wkh �ehu exqgoh shufhqwdjhv duh nqrzq1

Wkh phfkdqlfdo surshuwlhv ri wkh dxwrsduwv duh

wkhq frpsxwhg zlwk vhyhudo gl�huhqw qxpehu ri

uhlqirufhphqw od|huv wr dfklhyh wkh uhtxluhg ph0

fkdqlfdo surshuwlhv1

Wkh wzr gl�huhqw �ehu zhdyh uhlqirufhphqwv

frqvlvw ri jodvv�ehu zhdyh lq hsr{| uhvlq/ kdylqj

wkh iroorzlqj jhrphwulhv=

Surshuw| Zhdyh 4 Zhdyh 5

[0Exqgoh zlgwk +pp, 5=3; 8=3

[0Exqgoh wklfnq1 +pp, 3=57 3=:8

[0Exqgoh vsdflqj +pp, 4=45 5=3

\0Exqgoh zlgwk +pp, 4=9 6=3

\0Exqgoh wklfnq1 +pp, 3=45 3=58

\0Exqgoh vsdflqj +pp, 6=5 5=3
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Iljxuh 5= Zhdyh 4 prgxol1

Iljxuh 6= Zhdyh 4 Srlvvrq udwlrv1

dqg phfkdqlfdo surshuwlhv=

Surshuw| Jodvv �ehu Hsr{|

Prgxoxv +JSd, :5=7 6=5

Srlvvrq*v udwlr 3=55 3=69

Wkhvh �ehu zhdyhv zhuh �uvw krprjhql}hg rq wkh

�ehu exqgoh +], vfdoh iru gl�huhqw �ehu shufhqw0

djhv/ dvvxplqj wkdw wkh �ehuv zhuh kh{djrqdoo|

vwdfnhg jlylqj lvrwurslf h�hfwlyh surshuwlhv1 Wkhq

wkhvh �ehu exqgoh surshuwlhv zhuh xvhg wr krprj0

hql}h wkh wzr �ehu zhdyhv rq wkh zhdyh uhshdwlqj

xqlw fhoo +\ , vfdoh iru hdfk ydoxh ri wkh �ehu exq0

goh shufhqwdjh1 Vrph ri wkh uhvxowv ri wkh zhdyhv

phfkdqlfdo surshuwlhv iurp wkh uhlwhudwhg krprjh0

ql}dwlrq duh froohfwhg lq wkh judskv jlyhq lq �jxuhv

5071

Wkh ydoxhv ri wkh �ehu zhdyh phfkdqlfdo surs0

Iljxuh 7= Zhdyh 4 vkhdu prgxol1

Iljxuh 8= Hqjlqh krrg/ wrs vlgh1

huwlhv zhuh wkhq xvhg wr ghwhuplqh wkh uhlqirufh0

phqw qhhghg iru wkh dxwrsduwv1 Wkh phvklqj dqg

pdwhuldo glvwulexwlrq ri wkh hqjlqh krrg duh jlyhq

lq �jxuhv 8091

Wkh hqjlqh krrg frqvlvwv pdlqo| ri VPF erdug/

uhvlq dqg vwhho zlwk wkh iroorzlqj surshuwlhv=

Pdwhuldo H +JSd, D

VPF 44=: 3=67

Uhvlq 6=3 3=7<

Vwhho 543 3=6

Wkh ehqglqj dqg wruvlrqdo vwl�qhvv/ ghqw uhvlv0

wdqfh dqg  h{ uhvlvwdqfh zhuh wkhq ghwhuplqhg

iru vhyhudo gl�huhqw ordg fdvhv1 Zh kdyh vkrzq

ordg fdvh E +qrupdo srvlwlrq/ pryhphqwv zkloh

gulylqj, lq �jxuhv :0<1
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Iljxuh 9= Hqjlqh krrg/ uhlqirufhphqwv1

Iljxuh := Ordg fdvh E1 Erxqgdu| frqglwlrqv1

Iljxuh ;= Ordg fdvh E1 Ghirupdwlrq lq ]0gluhfwlrq1

Iljxuh <= Ordg fdvh E1 Vwuhvv1
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^4` D1 Ehqvrxvvdq/ M1 O1 Olrqv dqg J1 F1 Sdsdq0

lfrodx/ Dv|pswrwlf dqdo|vlv iru shulrglf vwuxf0

wxuhv/ Qruwk Kroodqg/ Dpvwhugdp/ 4<:;1

^5` G1 D1 J1 Euxjjhpdq/ Ehuhfkqxqj yhu0

vfklhghqhu sk|vlndolvfkhu nrqvwdqwhq yrq khw0

hurjhqhq vxevwdq}hq/ Dqq1 Sk|vln1 57/ 4<68/

s1 9671

^6` M1 E|vwuùp/ Q1 Mhndevrqv dqg M1 Yduqd/ Dq

hydoxdwlrq ri gl�huhqw prghov iru suhglfwlrq ri

hodvwlf surshuwlhv ri zryhq frpsrvlwhv/ Frp0

srvlwhv= Sduw E/ 64/ 5333/ :0531

^7` M1 E|vwuùp/ Fruuhfwruv iru vrph qrqolq0

hdu prqrwrqh rshudwruv/ M1 Qrqolq1 Pdwk1

Sk|vlfv/ ;=4/ 5334/ ;0631

^8` M1 O1 Olrqv/ G1 Oxnndvvhq/ O10H1 Shuvvrq dqg S1

Zdoo/ Uhlwhudwhg krprjhql}dwlrq ri prqrwrqh

rshudwruv/ F1 U1 Dfdg1 Vfl1 Vhulhv L/ 663=;/

5333/ 9:809;31

^9` M1 O1 Olrqv/ G1 Oxnndvvhq/ O10H1 Shuvvrq dqg

S1 Zdoo/ Uhlwhudwhg krprjhql}dwlrq ri qrqolq0

hdu prqrwrqh rshudwruv/ Fklq1 Dqq1 ri Pdwk1/

55E=4/ 5334/ 40451

^:` G1 Oxnndvvhq dqg J1 Plowrq/ Rq klhudufkl0

fdo vwuxfwxuhv dqg uhlwhudwhg krprjhql}dwlrq/

5334/ +vxeplwwhg,1
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