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Letter 
Anisotropy in the Shear Modulus of Glassy 
Polymers 

R o b e r t s o n  and Joynson  [1] have s tudied the 
s tress/s t rain p roper t ies  o f  some uniaxia l ly  drawn,  
glassy po lymer ic  films, in s imple shear,  as a 
funct ion  o f  the angle (0) between the direct ion 
pe rpend icu la r  to the shear  and  the or ien ta t ion  
axis o f  the mater ia l .  The  sense o f  the angle 0 is 
ind ica ted  in fig. 1. The mater ia l s  s tudied were 
uniaxia l ly  d rawn  poly(2 ,6-d imethylphenylene  
oxide)  and  po ly(4 ,4 ' -d ioxydiphenyl -2 ,2 -propane  
carbona te )  with d raw ra t ios  1.65 and  1.46 res- 
pectively.  F o r  bo th  mater ia ls ,  it  was observed 
tha t  the shear  stress, a t  a to ta l  shear  s t ra in  o f  4/3, 
passed  t h rough  a p r o n o u n c e d  m a x i m u m  at  0 
between 55 and  60 ~ and  a less p r o n o u n c e d  
m i n i m u m  at 0 between 145 and  150 ~ 

Similar  studies have now been made  on  uni-  
axial ly  d r a w n  a m o r p h o u s  poly(e thylene  tere- 

ph tha la te )  fi lm with a d raw ra t io  o f  5. The  
appa ra tus  used was s imilar  to tha t  descr ibed by  
Robe r t son  and Joynson  [1], having two c lamps  
separa ted  by 0.0195 cm cons t ra ined  to move  
para l le l  to one ano ther  by  low-fr ic t ion l inear  
bearings,  and  could  be a t t ached  to an  Ins t ron  
tensile test ing machine  for  measurements  o f  
force and  displacement .  

The  ini t ial  shear modu l i  o f  the film in different  
direct ions cou ld  no t  be measured  accura te ly  
because o f  the imposs ib i l i ty  o f  c lamping  the 
film so that  it  was comple te ly  flat, the  stress/  
s t ra in  curve having  therefore  a curved toe. 
There  were, however,  two approx ima te ly  equal  
m a x i m a  when 0 was equal  to 45 o r  135 ~ Such a 
resul t  is to  be expected.  Af te r  drawing,  the  
increase in the tensile modu lus  in the d raw 
di rec t ion  is much  greater  than  the reduc t ion  in 
the  tensile modu lus  in the pe rpend icu la r  direc- 
t ion.  Since, for  small  s trains,  shear  is equivalent  
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Figure I Secant shear modulus (at 100% total shear strain) as a function of 0, the angle between the direction 
perpendicular to the shear and the orientation axis of the material, for poly(ethylene terephthalate), draw ratio 5. 

to simultaneous extension and compression at 
45 ~ to the shear direction [2], maxima in the 
shear modulus should occur when either com- 
pression or extension in the draw direction is 
greatest. 

The results are shown in fig. 1 for the secant 
modulus (stress referred to initial cross-section 
over total strain) at 100% shear strain. (The 
nominal shear strain rate was 256% /min.) At 
such a strain, drawing has occurred in all the 
samples and, as the stress/strain curve thereafter 
is relatively flat, the secant modulus gives a 
measure of the shear yield stress. Again there are 
two maxima at 0 approximately equal to 45 and 
135 ~ but in this case the first maximum is 
appreciably the larger. Fig. 1 also shows the 
relationship between the shear and draw direc- 
tions, the latter being also the direction of the 
maximum of the angular distribution function 
for the polymer chain segments in the drawn 
polymer. It will be seen that the maxima occur 
when the polymer chains are being most severely 
extended or compressed. The maximum corres- 
ponding to chain extension is more pronounced, 
as would be expected if the oriented polymer 
chains were in a state of metastable equilibrium 
and under a residual tensile stress. 

The results of Robertson and Joynson [1] 
differ markedly from ours in showing only one 
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maximum and one minimum in the range 
0 ~ ~ 0 ~< 180 ~ but this difference could be due 
simply to the residual stress effect being relatively 
larger with their polymers. A possible explan- 
ation at a molecular level is that both the poly- 
carbonate and poly(phenylene oxide) investi- 
gated by Robertson and Joynson would be 
expected to be much more sterically hindered 
than the poly(ethylene terephthalate) of  the 
present investigation. 

It  is intended to extend this investigation to a 
number of  polymers showing different degrees of  
steric hindrance and to investigate the effect of 
different degrees of  orientation. 
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