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J O U R N A L  O F  P O L Y M E R  S C I E N C E :  P o ly m e r  P h y s ic s  E d i t io n  V O L . 1 2  (1 9 7 4 )

NOTE

The D e te rm in a tio n  o f th e  B u lk  M odulus  in  a Con strained Solid
I n i t i ' . l s

There appears at present to be some confusion concerning the mea jrement of the bulk 
modulus of polymers by means of uniaxial compression.

Matsuoka and Maxwell* used an apparatus of the cylinder and piston type to apply 
hydrostatic pressure to polymers in order to observe changes of state or phase under 
pressure and over a range of temperature. These workers were not concerned to measure 
accurate bulk moduli and ilarv in  and McKinney* point out that the method does not 
give a true bulk modulus due to the fact that all the deformation is uniaxial. Warfield 
et al.*“’ used a similar apparatus to measure elastic constants for a number of polymers, 
and Warfield and Barnef' claim that the method gives values of bulk modulus agreeing 
well with values measured by other means. Nunziato, Schuler, and Walsh,® on the other 
hand, state that the method does not measure a true bulk modulus.

The relationship of the modulus as normally calculated using this method (apparent 
bulk modulus =  B ,) to the true bulk modulus (B)  may be obtained in a manner analogous 
to the conventional treatment of the relation between elastic moduli.**

Consider a cube of edge length I under uniaxial compressive stress <r. Let the change 
in length of the cube along the axis of stress be designated The change in the length 
of cube on sides normal to the stress axis will then be fiAl, where n is Poisson’s ratio. 
Then apply a hydrostatic pressure P  sufficient to  restore the lengths of the cube edges 
normal to the uniaxial stress axis to their original length I. This hydrostatic pressure is 
a:iven by:

~V ^  (I +  Ai)* il  -  ^ 0  “  l ~

where Al  is taken as
The apparent bulk modulus as normally calculated from the uniaxial distortion is then

S  *  ^  3Bm +  E
'  “  A i a  +  )̂? 1 +  M

where E  is Young's modulus which is related to B  and n by the relation

E  =  3B(1 -  2m) (1)

which, when substituted in the previous equation, yields,

B l  +  M
It will be seen that according to this analysis, B . is always greater than B over the 

range of n encountered in practice, and that the higher the value of fi the smaller the error 
in the apparent modulus. The same result as equation (2) may be obtained directly 
from a tensor treatment.

B y combining eqs. (1) and (2), it is seen that a value of y. may be obtained from the 
apparent modulus and Young’s modulus using the quadratic equation.

2B^-^ +  (B , -  E)n  -  (B . -  £ )  =  0 (3)

A comparison of values of bulk modulus and Poisson’s ratio for polystyrene obtained 
from the results of a number of workers is given in Table I. Where a uniaxial compres­
sion method has been used the values of apparent bulk modulus (B») and apparent
Poisson’s ratio (m») obtained directly are given, and also the values B and p obtained from
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TABLE I
Values of Bulk Modulus and Poisson’s Ratio for Polystyrene

X io-» 
MXm->

B
X 10-* 

M Nm-»

E
X 10-* 

M Nm-* Method Ref.

5 .4 3.60 3 .6 0.39 0.333 uniaxial 5
compression

4 .4 2.63 3 .4 0.37 0.295 uniaxial 6
compression 6

_ 3.81 — — 0.344 acoustic 10
— 3.92 — — — acoustic 11
— 3.33« — — — acoustic 13
— 3*66 — — — acoustic
— — — — 0.33-0 .36 extensometer 15

* V a lu e  o b ta in e d  b y  e x tra p o la t io n  o f  re s u lts  to  ze ro  p re ss u re  a n d  2 5® C .

th e  sa m e  re su lts  u s in g  e q . ( 3 )  to  c a lc u la t e  m a n d  e q . (2 )  to  c a lc u la te  B  fro m  th e  v a lu e  o f ft 
so  ca lc u la te d .

A lth o u g h , a s W a rfie ld  e t  a l . ‘  p o in t  o u t, th e  u se  o f d a ta  fro m  m e a su re m e n ts  on sam p le s 
fro m  d iffe rin g  so u rce s ra is e s  so m e  d iffic u lt ie s , i t  is  c le a r  t h a t  th e  v a lu e s  o f b u lk  m o d u lu s  
( B . )  o b ta in e d  b y  the m e th o d  o f  M a t s u o k a  a n d  M a x w e ll a re  h ig h  in  co m p a ris o n  w ith  
those o f th e  o th e r w o rk e rs  q u o te d  w h o  in  m o st cases used a c o u s tic  m e th o d s w h ic h  w o u ld  

g e n e ra lly  be  e x p e c te d  to  g iv e  higher re s u lt s  th a n  a  s ta t ic  m e a su re m e n t, a n d  the sam e 
a p p lie s  to  the v a lu e s  o f P o is so n ’s  ra t io .
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