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C,/C-Cornposites are known to be a carbon mate_r ia l  wi th h igh st rength and h igh st i f fness.
As descr ibed by_TERlt iEscH, lg72;  HILL et  a l . ,1 9 7 4 ,  a n d  f I T z É R  e t  a l .  , l g l A  t t .  p r o p " r t l e s
of  the re inforc lng f ibrás 

"ur ,  
bu üt f i fzeO upto loot  in  unldt récr ional ty  ie inforcea cfc_-composites. AII C,/C-cornposites however sl¡owbritt le fracture behavióur with a maxlmum

stra in to fa i lure of  about  1g only.  Our s tu_dj.es are based on- C/C-composltes prepared
wi th p l tch as carbon matr ix  precursor .  AI Isanples have been carbonj .zed up to 14OOó¿-preceded by an autoc lave bakin i l  under e leva_
ted gas pressure up to 55ooc,  ánd densi f ied
oy _repeated impregnation,/recarbonization
cycles.  The resul t ing carbon, /carbon_composi_
tes have. typ ical  bulk  densi t ies of  aboui
l,-, .71?^l-- anq maximu¡n f lexural strengths up
to IZOO MN/m, in  the case of  unid i reót ionai
re inforcement  wi th 5o vol . t  o f  the f ibre.
C, /C-composi tes wi th s imi lar  propert les can be
prepared by CVD inpregnation of preformed car_
bon flbre frameworks wlth pyrocárbon.
In modern f racture mechanics cr i t ica l  s t ress
intensi ty  factors are widely used for  charac_
terization of fracture behaviour of co¡nmon en_
gineer ing mater ia ls .  Also for  f ibre re infor  -
ced composi tes cr i t , ica l  s t reas in tensi ty  fac_
tors rdere publ isheci  by McGARRy et  a l  .  r1 t7T,
GAGGAR,1975 rbu t  on l y  f o r  g l ass -and  ca rbon_ -
f ibre re inforced composi tés wi th epoxy matr tx .
The authors pointed out  that  meanfngtü l  re-
sults can only be obtained if the ciack i 's
growing in d i rect ion of  a.notch,  which is  pa_
ral le l  to  the re inforc ing f , ibre-or  fabr ic-
d i rect ion.  Because of  l imi tat ions in  the s ize
of  the avai lable sample mater ia l ,  i t  was ne-
cessary to modify the ASTM Norm STp 463 for
our ovrn measurement,s. The geometry of the sam_
p les  i s  shown  i n  F Ig . l .  The  sampté  s i ze  was
varled with maximum val,ues of g=lOm¡n, 2 H=4 nm,
a¡d ve36 rm . As far as prj.mary notches are
concerned notch lengths between or4 and 5 nun
were tested.  In  the case of  notches paral le l
to  the f ibre d l rect lon no in f in i tes imal  cur-
vature at  the t ip  of  the notch is  necessary,
?: las !99n proved for ceramlc marertal by
P A t s S T , 1 9 7 3 .
There might, exist principal doubts whether
st ress in tensi ty  factors of  C, /C-composi tes
can be meaningfu l ,  especia lJ .y  i f  thé l in i ted
sample s ize is  taken into coñsid.erat ion.  The
present  s tudy should indicate,  whether  repro_
duclble measurements can be performed and
usefu l  f racture mechanical  dáta can be ob-
ta i .ned.
Systemat ic  s tudies of  the ef fect  of  geometr i_
cal  sample d imensions on the st ress in tensi_
ty factor were performed with C,/C-compsoites
conta in ing 35 vol .  t  o f  s tacked graphi l ized
fabricsf type SIGRATEX GDS 8-3O: Tire layers
of fabric were oriented perpendicular lo the
tensi le  d i rect lon,  the notch belng appl ied

parallel to the warp direcülon of the fabrlc.
Typical diagrans showing the dependence of
crack m<¡uth openlng as function of the
applied tenslle force can be recognized ln
F ig .2 .  The  ana l y t i ca l  ca l cu la t l on  o f  s t ress
lntensity factors from the experimental data
was performed using the followlng eguation 1which is valid for a compact ten;lo; specimán:
x  =  p .  - V á ^  

l - ^  r o <  _  r  o . - " r d ,  a  ?- O  
B .  w  ¡ - , r 9 5  

-  1 , 8 5 5 ( * )  +  6 , 5 5 7 t * l ' -

-  t o , l z ( * )  +  6 , 3 8 e , * , n ]  .  1 o 2

ft has been found that nelther the width of
the crack nor the specimen thlckness have an
inf luence on the resul t ing st ress ln tensl ty
factor  Kp.  The inf luence óf  normal lzed d is ian_
ce ll,/w on the values of the stress intenslty
factor  is  shown in F lg.3.  I t  can be , . .og-  

'

n ized that  the Ko-value is  lndependent  oñ
H/W i f .  the H, /w-rát io  exceeds vaiues of  or2.
I t  was a lso conf i rmed exper imenta l ly  (F lg.4)
that  the-Ke-value is  indépendcnt  on- the ñor_
mal ] .zed depth of  the notch a, /w.
Resul ts  concernlng the st ress in tensi ty  fac_
tor calculated with the compliance metñod
(f ig .5)  ,  and wi th the analy l ica l  ¡nethod
(equat ion 1 )  are compared ln Table 1.  I t  can

be seen,  that  there is  a good agreemen! .ef
t he  ca l cu la ted  Ko -va lues  a t  15 , i  W. *n -3 l2 .
Therefore onl .y  tñe upper value,  which is  g i -
ven j .n  F ig.3,  can descr ibe the cr l t ica l
s t ress in tensi ty  at  the t ip  of  the notch for
cnts mater la l ,  sample conf igurat ion and test
method described above.

The experimental data seem to be reproducible
provided that the samples are reproáuclbly
prepared and have homogeneous structures.
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F19. T: Sarnple geometry

Fig.2:  Crack mouth opening as funct lon of  the
applied tenslle force for composj.tes
with fabric relnforcement
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I ' ig .3:  Dependence of  the st ress ln tensi ty
fac to r  on  H , /w  ( see  f i g .1 )
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Fig.4¡  Stresa ln tensl ty  factor  as funct ion
o f  a / w  ( s e e  f 1 g . 1 )
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F ig.5:  Compl iance as funct lon of  d imenslon
rat los
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Tab .1 :  Compar l son
determined
analyt lca l

of  s t ress ln tensi ty  factor¡
by the compllance and the
method

3 5 v / o  S i g r o t e x  G D S  8 - 3 0  '  B = 4 , 7 m m
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