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Intloductlon

ft ls dlff,lcult to rcdel th€ behaviour of
ca¡bon-carbon coNrPositcs ualnE ata¡rdald coNnpoEit€
ttreory or rlth clasElcal brlttle fractu¡a nod318.
Eorr€\r€r, carbon-carbon has nany Fotentlal ug€! ln
th€ a€ro-spaGa and r€lat€d lnduatrl€8, so thcre 1l
a n€ed to ur¡der¡tand th€l,r b€haviour thoroughly.

I?l€ t3rü 'carbon-c!¡bon co4b¡ltG' coviara
a v€ry larg€ rügc of r¿torlala, ¡o It lt r¡cc€a-
¡a¡y to study thc b¡havlou¡ of s.e.ra¡ dlÉfe¡ent
ryrtens boforc att.qttlng to !élect ¡odola. Iñ13
paper ¡¡eport! Frk don€ at Bath unlr¡ar8lty on 2D
vorr€n fabrlc laúlnat€s, ( r )

Thé €rP€rLmntal paogrrD consist€d of the
folloelngt-

a) lt|€ d€tsrilination of d€nsiti€s (P), E¡oroe-
iti€s ('f) and fi.bre volum fractiona (Vr)

b) Otrtlca¡ nl'croscopy of ¡,oltshed r€ctlona uslng
pofaris€d Ught and a€nsltÍr,€ tlnt Ethods alro
el€ctron nricroacopy of €tch€al rurfac.s. ( 2 '

c) Th€ Fasur€¡nnt of lEchanlcal propertles¡
tonic reaonanoa ía! uaed for rcdulug
dct.tillnatlon, fl€aulal t.ating for atrength
neasure[Énts, and alngl€ €dg€ notched t€8tlng for
fracture toughncaa detc¡nrlnation. Acou¡tlc
er¡l'salon waa rcnitorinE durlng rechanical, teatlng.

al) Electron nlcroscopy of fractule aurfac€s.

nésult3

Data har¡€ be€n obtai.ned for t¡ro Dat€r1al!.
Itat€rlal I yar baa€d on a tqua¡a ¡€av€ cloth of
rayon fibr€a. ¡lat€rla1 2 var a balanc€d I harn€sa
aatln rreav€ of PAN fi¡rea. Th€ out€r pll€a are
rrcveq at O,/9o- and th€ lnn€r ptles at
t ls-. Iñ€ propertl€s of th€s€ Dateriala
are Bhown belowl

Load-def¡.ection cur?es are shown ln
figutres I and 2.

DlscuEsion

lre d€ntltv nat€rlal

lte pro¡r€rtl.es ar€ dlff€¡ent ln th€ tuo
rrea\ra di¡octl,on!. l,tlcroacoty ahoued that in the
flll (rrea¡<) dtlestlon th€ flbr€ bundl€a a¡€
Ioor.ly tr¡ck€d, but tn tho yar¡r (rtrong) direction
th€y a¡e tlghtly ¡r¡ck€d and there a¡€ ferre! Dat¡lx
rlch ¡reglon¡. .It|a [¡t€rl¿l 1r also leen to
contatn ¡¡¡¡y 1ar9o €longat€d porea, yttlch ara duc
to natrlx shrlrüag€. Ítl€re 1s also a fln€ n€tuork

F l g .  l . Lad-d€flection curvea Éor aquare rr€ave
la¡inate.
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Lad-d€fl€ction curve for a satin rreave
laminate.
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of microcracks betr¡esn fi¡rea. ttle progress of
cracka uaa Dnitored ln aireci-Ena tested b'l/ thre€
potnt bendlng. It uas seen that 1n th€ warp
directlon failure ua.s cat¡r8troÉhic and thcre ¡ra.3
Iittle rlgn of crack arrert. In th€ flll dlrec--
tlon, horrever, th€ crack advancad ln a controlled
Danner by Unklng up larqe porer. (f,19.3). Thore

,.s a lot of lt¡bcrj,tlcal crad( openlng actlvlty
ahéad of th€ Daln crack front.

bcaDlnatlon of th€ fracture aurfac€g
shorred that th€ fibre! brolre only aft€r @.t of
tho Etrlr had dlslntog¡at€d arour¡d tlÉr.

tttoh d€n itv nat€rlal

lt|e natu¡r€ of thc ..tln naaeo Earu that
th€ llcro3tructu¡e, and hénce th€ pro!¡erti€! aba
tho raD tn both d!¡ectlona. !ñ€!. a¡.e largr
D¡trlx shrlrüag|c crackr praa€nt, but v€t17 Uttla
poroslty on a !üall€r tcal€.(Élg.{). It ras s€€n
that €ach fi¡re la rur¡ound€d bry a thoath of
D¡trtr E terlal ln ut¡tch th,€ gratñIt€ basal plan€s
ar€ parallel to th€ fi¡re aurface. Itr€ra s€€Da to
be a good bond b€t¡rc€n fibr€ and eatrlx l.s. ¡ro
gaP uar ae€n betrre€n th€n.

Obsenratlon ahoired that tho htgh fracture
toughriesa va! du€ to deL[lnatlon ah€ad of th€
crack front. Onca again, th€ larg€ porlas Fñr thc
r¡¡ns biy rrhich thc crad( crosrcd th€ fibre

F lg .  3 . Controll€d crack propagatlon l.n a squaRe
¡raan€ laDtn¿t€.

P1g. ¿r. uatrLr rhrfuikaglC crackr in a satln seav€
IaDlnate.

bur¡dlc!. Cl,€arly, thia naterlal behaees rcre li]<€
¡ conventlon¡,l l.'ninat€ than a si-Epl€ brittle
Et€rtal.

conclu!ton

ll'h€r€ oblarvatlonr illqatrat€ tho
dl.fflcultlc! l'n ullng thc ltandard nod€ls on
cüüon-carbon coúpo!l,tc!. Clcarly, an analgrD of
cqroalt€ tl¡coty and tDrou! brlttL€ th€ory 1s
na.d€d to a4rl¡l.n fuuy thc Écha¡lcal b€havlour.
f¡y ¡od€l ot¡st ta¡r€ lnto account th€ Ínteratlon of
tbaes and crad(8 l'n a proc€ss ron€ a¡€ad of a
grwlng crad(. lNork la contlnulng to thls end.
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