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RESEARCH SUMMARY O N  
FRACTURE OF SWOLLEN RUBBER 

Crack  propagation tests with swollen Solithane 50/50 w e r e  perforrr  ed 

i n  o r d e r  t o  investigate t h e  qualitative influence of t he  in t e rna l  viscosi ty  of 

a Elaterial  on the  f r a c t u r e  process .  

The  solubility pa ra r r e t e r  6 of Solithane 50/50 w a s  experimental ly  
3 

determined  a s  F = 9. 0 c a l / c m  . This r e su l t  led to  the select ion of 

Toluene( F, = 8. 9)  as  a swelling agent f o r  Solithane 50/'50. 

i n c r e a s e s  the volume of Solithane by 1454;  i. e . ,  t h e  l i n e a r  i n c r e a s e  is  

Toluenre swelling 

3 5 4 .  

Rough checks showed that the sol-fract ion of Solithane is less than 

1 weight percent ,  

T h e  next s t ep  was the mater ia l  character izat ion of swollen Solithane 

50150 a t  room tempera ture .  

during the t e s t s ,  which w e r e  c a r r i e d  out in  the Instron t e s t e r .  

c u r v e s  at s t r a i n - r a t e s  f r o m  0.00875 in. / in ,  min. t o  8. 7 5  in. /in.r-in. 

w e r e  obtained th i s  way. 

Neo-Hookean material behavior up to  f a i lu re  at all s t r a i n - r a t e s .  

The  t e s t  spec iwens  w e r e  completely submerged 

S t r e s s - s t r a i n  

The  t e s t s  revealed excellent agrcernent  with 

-2  
The  constant C i n  t h e  equation J =  2C1 r u - CY 

C1 = 77 .  5 ps i  (F ig .  1)  i f  cr i s  based on the c ros s - sec t ion  of the swollen 

spec in ,en  ( co r re sponds  t o  a Youngs modulus of Ex465 p s i  f o r  s m a l l  extension 

r a t io s ) ;  o r  cl= 104 ps i  if T i s  based on t h e  c ros s - sec t ion  of the unswollen 

specin-en (r= 846 p s i  f o r  small  c ) .  

81. 0 < C < 88. 6 psi  ( 2 )  up to  c = 1 13. The ma te r i a l  behavior of unswollen 

Solithane was  not Neo-Hookean f o r  higher extension ra t ios .  
-4 

effective number  of chains  was calculated t:, b e  5. 89 x 10  

would cor respond to a Sol-fraction of - 0. 6 4  and a modulus of - 500 psi  

accord ing  to  the rneasurerrbents of L. Smith and A .  B. Magnusson ( 3 ) .  

1 turned out to b e  1 

F o r  unswollen Solithane 

1 
Using C1 the 

moles , /ml ,  which 

A ssurning the Sol-fraction to tie t e r o  the polymer-solvent  interact ion 

p a r a m e t e r  p w a s  determined from an equation given by Bueche and 

Dudek (1 ) .  

of ure thane  groups is  about 2. 8 moles/1000 g r  ( 3 ) .  

This  calculation gave 11 = 0, 492, which rneans the  concentration 



T h e  f a i lu re  data which were  obtained in  the  c o u r s e  of the  ma te r i a l  

charac te r iza t ion  showed that the influence of the s t r a in  r a t e  i s  a lmos t  

completely removed (F ig .  2). Not enough data has  been collected to  say 

i f  the s t r a in  r a t e  has  no effect a t  all any m o r e  on the f a i lu re  s t r e s s  and 

s t ra in .  The fa i lure  envelope degenerates in this  c a s e  to a point. 

T h e s e  resu l t s  lead t o  the conclusion that the internal  viscosity i s  

N o  changes of the n la te r ia l  s t ruc tu re  which la rge ly  reduced by  swelling. 

could resu l t  in a difference in  the mater ia l  response  of a swollen- 

deswollen sample  a r e  caused  by swelling as  s t r e s s - s t r a i n  t e s t s  with 

deswollen samples  proved. 

Crack  propagation t e s t s  in the  swollen s t a t e  a r e  under  way now. 

The spec imen used fo r  these  t e s t s  a r e  the common str ip- type specii..:ens 

with a n  init ial  c rack .  

following can be sa id  s o  fa r .  

These  t e s t s  a r e  not yet completed and only the  

T h e r e  is  a cr i t ica l  s t r a in  at which the c rack  starts to  propagate 

at high speed and the s t r a in  history effects th i s  c r i t i ca l  s t r a in  inspi te  of 

t he  la rge ly  removed internal  viscosity of the mater ia l .  Fig.  3 shows the 

experimental ly  found dependence of the cr i t ica l  s t r a in  on the s t r a in  rate.  

Another indication of the s t ra in  his tory effect i s  the observation 

that  the  c r i t i ca l  s t r a i n  could be raised by 10 t o  15q' i f  the  s t r a in  was held 

constant a t  a level  slightly below the c r i t i ca l  s t r a i n  f o r  a longer period of 

t i m e  (e .g .  60 minutes).  

T h e  la rge ly  removed influence of the s t r a in  r a t e  on the fa i lure  

p rope r t i e s  of an  uncracked specimen and the still present  effect of t he  

s t r a i n  his tory on the f r a c t u r e  behavior of a c racked  sheet  hint a t  a 

difference between the  c rack  propagation and initiation mechanisms.  

It is planned to  modify the  testing device so that experiments  a t  

d i f fe ren t  controlled t e m p e r a t u r e s  can be  c a r r i e d  out and to go over  t o  

high-speed motion p ic tures  to  pick up the accelerat ion and final speed of 

t he  c rack .  
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FIG. 3:  Experimental  Dependence of the Cr i t ica l  Strain on the  
Strain Rate. 
t e s t s .  

Each point represents  the ave rage  of 5 

-6 - 


