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Introduction.
I n  a  p re v io u s  p a p e r  » t h e  s t a t i s t i c a l  m e th o d  d e v e lo p e d  b y  W a ll  • fo r  

t r e a t i n g  th e  p ro b le m  of t h e  e la s t ic i ty  o f a  3 -d im e n s io n a l n e tw o rk  o f  lo n g - 
c h a in  m o lecu le s  w a s  e x te n d e d  t o  c o v e r  t h e  c ase  o f  a  h o m o g en e o u s  d e fo rm a ­
t io n  o f  t h e  m o s t  g e n e ra l ty p e .  T h e  r e s u l t  w as e x p re s s e d  b y  a n  e q u a t io n  
r e p re s e n t in g  th e  w o rk  o f  d e fo rm a tio n  p e r  c .c . o f t h e  m a te r ia l  (W ) a s  a  
fu n c tio n  o f  t h e  th r e e  p r in c ip a l  s t r a in s ,  n a m e ly

W  =  iG ( V  +  -  3) . . . (I)

w h e re  Ai, A, a n d  A, a r e  t h e  se m i-a x e s  o f  th e  s t r a in  e llip so id , a n d  G is a. 
p h y s ic a l  c o n s ta n t  o f t h e  m a te r ia l  w h ic h  is  r e la te d  t o  N ,  t h e  n u m b e r  o f 
m o lecu le s  p e r  c .c .

I t  is  h a r d ly  n e c e ssa ry  t o  e m p h a s ise  t h e  im p o r ta n c e  o f  t h is  re s u lt ,  b o th  
in  c o n n e c tio n  w ith  th e  th e o r y  o f  la rg e  d e fo rm a tio n s  o f  m a t t e r  i n  g e n era l, 
a n d  o f  r u b b e rs  i n  p a r t ic u la r ,  a n d  a lso  a s  a  m e a n s  fo r  e lu c id a t in g  m o re  
c le a r ly  t h e  s t r u c tu r e  o f  r u b b e r  f ro m  th e  m o le c u la r  s ta n d p o in t ,  a r id  th e  
m e c h a n ism  o f i t s  e la s t ic i ty .  T h e  e x p e r im e n ts  d e sc rib e d  in  t id s  p a p e r  
w e re  u n d e r ta k e n  w ith  t h e  tw o -fo ld  p u rp o s e  f irs tly , o f  o b ta in in g  f u r th e r  
e v id e n c e  a s  t o  th e  v a l id i ty  o f t h e  m o le c u la r -k in e tic  th e o r y  a s  a n  e x p la n a ­
t io n  o f  t h e  e la s t ic i ty  o f  ru b b e r ,  a n d  se c o n d ly , in  o rd e r  t o  f in d  o u t  w h e th e r  
e q u a t io n  ( i)  c o u ld  u se fu lly  b e  e m p lo y e d  fo r  t h e  c a lc u la tio n  o f  t h e  s tre s s -  
s t r a in  p ro p e r t ie s  of r u b b e r  in  cases  o f p ra c t ic a l  in te re s t .

Scope of the Work.
T h e  ty p e s  o f d e fo rm a tio n  s tu d ie d  w e re  ( i )  2 -d im e n s io n a l e x te n s io n  o f 

a  sh e e t, a s  i n  a  b a llo o n , (2 ) s im p le  e lo n g a tio n , (3 ) p u re  sh e a r, a n d  (4 ) 
e lo n g a tio n  c o m b in e d  w ith  s h e a r  in  a  p la n e  a t  r ig h t  a n g le s  t o  t h e  e lo n g a tio n . 
T w o  ty p e s  o f r u b b e r  w e re  s tu d ie d , o n e  o f  a  t ) ^  w h ic h  w a s  ex pec ted*  to  
g iv e  t h e  c lo se s t a p p ro x im a t io n  t o  id e a l ly  e la s tic  b e h a v io u r , a n d  th e  o th e r  
o f a  ty p e  m o re  c o m m o n ly  u se d  in  t h e  in d u s t ry .  T h e se  r u b b e rs  w ere  
c o m p o u n d e d  a c c o rd in g  to  t h e  fo llo w in g  form ulae  :—

1 T reloar, Trans. Faraday Soc., 1 9 4 3 , 3 9 , 2 4 1 .
* W all, / .  Chem. Physics, 1 9 4 2 , 10 , 1 3 2  a n d  4 8 5 .



8  %  S  R u b b e r . L a t e x  R u b b e r .
Parts Paris

by
Weight. Weight,

R u b b e r (smoked sheet) l o o  R u b b e r . . . . . .  l o o
Sulphur . . .  8  Su lphur . . . . . .  2
Vulcanised 3  hours a t  50  lbs. ZnO . . . . . . .  2*5

steam  pressure (1 4 7 ® C.) P iperid ine  pen tam ethy lene  d ith io carb am ate  i
Vulcanised 30 mins. at 100® C.

T h e  8  %  S r u b b e r  w a s  c h o se n  b e c a u se  i t  is  o f a  ty p e  k n o w n  t o  sh o w
h ig h ly  re v e rs ib le  e la s tic  b e h a v io u r , a n d  a b se n c e  o f  c ry s ta l l is a t io n  o n
s tr e tc h in g  u p  t o  4 0 0  %  e x te n s io n  a t  lea s t.*  I t  h a s  b e e n  sh o w n  b y  th e  
s tu d y  o f  t h e  s tr e s s - te m p e ra tu re  r e la tio n s  fo r  t h is  ru b b e r,* .  ̂ t h a t  i t s  e la s ­
t i c i t y  is  d e te rm in e d  q u a n t i t a t iv e ly  b y  th e  e n tr o p y  effec t, a s  re q u ire d  b y  
t h e  k in e tic  th e o ry .  I t  a p p e a re d  th e re fo re  t o  b e  t h e  m o s t  s u i ta b le  r u b b e r  
fo r  te s t in g  th e  th e o re t ic a l  s tre s s - s tr a in  fo rm ulas. T ec h n ic a lly , t h e  8  %  S  
r u b b e r  h a s  c e r ta in  d is a d v a n ta g e s ,  n o ta b ly  a  lo w  te n s ile  s t r e n g th ,  a n d  i t  
se e m e d  d e s ira b le  t o  s tu d y  a lso  a  r u b b e r  h a v in g  g o o d  p ro p e r t ie s  f ro m  th e  
p ra c t ic a l  s ta n d p o in t ,  n a m e ly  a  la te x  ru b b e r .

T h e  la te x  r u b b e r  s h o \ v ^  v e r y  m a rk e d  c re e p  a n d  h y s te re s is  e ffec ts , 
p r o b a b ly  d u e  m a in ly  t o  c ry s ta l l is a t io n . T h e se  e ffe c ts  w e re  m u c h  less  
n o tic e a b le  a t  5 0 ® C. t h a n  a t  ro o m  te m p e ra tu r e .  F o r  th is  re a so n  th e  d a ta  
o n  th is  r u b b e r  w e re  a ll  o b ta in e d  a t  t h e  h ig h e r  te m p e ra tu re ,  t h e  e x p e r im e n ts  
b e in g  c a r r ie d  o u t  in  a n  a ir  th e r m o s ta t .  T h e  e x p e r im e n ts  o n  th e  8  %  S  
r u b b e r  w e re  m a d e  a t  a  ro o m  te m p e ra tu r e  o f  2 0  ±  i® C. I n  t h is  re sp e c t  
t h e  d a ta  fo r  th e  tw o  ru b b e rs  a r e  n o t  s t r i c t l y  c o m p a ra b le .

A ll th e  e x p e r im e n ts  o n  e a c h  o f  t h e  r u b b e rs  w e re .m a d e  o n  sp e c im e n s  
c u t  f ro m  a  s in g le  sh e e t.

2 -Dimensional Extension.
F o r  th e  p ro d u c tio n  o f  a  2 -d im e n s io n a l e x te n s io n  th e  m e th o d  e m p lo y e d  

w a s  t h e  in f la t io n  in to  t h e  fo rm  of a  b a llo o n  o f a  c irc u la r  s h e e t  c la m p e d  
ro u n d  i t s  c irc u m fe re n ce . A  d e ta i le d  s tu d y  h a s  b e e n  m a d e  o f  t h e  s t a te  o f  
s t r a in  o v e r  t h e  su rfa c e  o f su c h  a n  in f la te d  s h e e t ; t h e  r e s u l ts  o f t h is  s tu d y ,  
a s  w e ll a s  a  n u m b e r  o f e x p e r im e n ta l  d e ta i ls  r e le v a n t  t o  t h e  p re s e n t  w o rk , 
w ill  b e  p u b lis h e d  elsewhere.®  . I t  w a s  fo u n d  t h a t  t h e  s t r a in  w a s  su b ­
s t a n t i a l l y  u n ifo rm  o v e r  a n  a re a  in  t h e  n e ig h b o u rh o o d  o f  t h e  c e n tr e  o r  

p o le  "  o f t h e  in f la te d  s h e e t ; i n  t h e  p re s e n t  e x p e r im e n ts  t h e  m e a s u re ­
m e n ts  o f  e x te n s io n  w ere  m a d e  o n  tw o  m a rk e d  p o in ts  Ijd n g  on  o p p o s ite  
s id e s  o f a  c irc le  o f 2  m m . r a d iu s  w i th  t h e  p o le  a s  c e n tre , t h e  d ia m e te r  of 
t h e  u n s tr e tc h e d  s h e e t  b e in g  2 5  m m . B esid es th e  e x te n s io n , i t  w as n e ce s­
s a r y  t o  m e a su re  a ls o  t h e  r a d iu s  o f c u r v a tu r e  o f t h e  p o la r  re g io n  (y), a n d  th e  
a i r  p re s su re  in  t h e  b a llo o n  {P), so  t h a t  t h e  te n s io n  T  in  t h e  s h e e t  m ig h t  
b e  o b ta in e d  f ro m  t h e  u su a l  r e la t io n

P ^ 2 T ! r .................................................. (2 )

T h e  re g io n  o f  t h e  b a llo o n  o v e r  w h ic h  th e  s h a p e  c o u ld  b e  c o n s id e re d  a p ­
p r o x im a te ly  sp h e r ic a l  c o v e re d  a  la rg e r  a r e a  t h a n  th e  reg io n  o f  u n ifo rm  
s tra in .*  T h e  m e a su re m e n t o f  r  w a s  th e re fo re  m a d e  b y  o b s e rv a t io n  o f  
p o in ts  a t  a  g re a te r  d is ta n c e  f ro m  t h e  p o le  t h a n  th e  m a rk e d  p o in ts  u se d  
fo r  th e  c a lc u la tio n  o f  th e  e x te n s io n  r a t io .  T h is  p ro c e d u re  g a v e  a n  im ­
p r o v e m e n t  i n  a c c u ra c y , p a r t ic u la r ly  a t  lo w  e x te n s io n s .

. I n  c a n y in g  o u t  t h e  e x p e r im e n ts  a ir  w a s  a d m i t te d  t o  t h e  b a llo o n  a t  
a  c o n v e n ie n t  r a te  u n t i l  th e  d e s ire d  d e g ree  o f  d is te n s io n  h a d  b e en  re a c h e d . 
T h e  a i r  s u p p ly  w a s  th e n  c u t  o ff w h ile  m e a su re m e n ts  o f  t h e  e x te n s io n  a n d  
o f  P  a n d  r, w e re  m a d e . T h e  p ro c e ss  w a s  r e p e a te d  a t  su c c e ss iv e ly  h ig h e r

* M eyer a n d  Ferri, Helv. Chim. Acta, 1 9 3 5 , 18 , 5 7 0 . ,
* A nthony  C aston a n d  G uth , J. Physic. Chem., 1 9 4 2 , 4 6 , 8 2 6 .
* T reloar, Trans. I.R.J. i n  press.



4 istensioiw. The reverse part of the curve with decreasing distension, 
was obtained as the air was allowed to escape by stages. The time 
between successive points was not controlled, but was about 4 minutes.

It  has often been observed with rubbers exhibiting imperfect elastic 
behaviour that the first stress-strain curve differs noticeably from the 
second and later curves. For this reason the sheet was subjected to an 
initial distension for about 2 minutes at the operating temperature, before 
measurements were begun. This introduced a slight non-recoverable 
strain. The extension ratios were calculated on the basis of the new 
(strained) marked length, and the figure for the thickness was corrected 
accordingly.

If P  is measured in mm. of mercury, and r in cm., the tension T  in kg. 
per cm. of the sheet (analogous to surface tension), taking the density of 
mercury at 20® C. to be 13-56 g./c.c., is, from (2).

r  =  0-678 kg./cm.
It is convenient to refer the measurements to a sheet of initial thickness 
I  cm., hence if / is the tension for such a sheet, and d o  is the initial thickness 
of the actual sheet in cm.,

t =  0'67B Prjdf^'k.g.lcm......................................... (3)
per cm. of original thickness.

Compressive Force. Since a 2-dimensional extension may be con­
sidered to be equivalent to a unidirectional compression at right angles to 
the plane of the sheet,'  it is possible to calculate the equivalent compressive 
force /  from the experimental data, /  representing the force on a surface 
of original area i  cm*. The compression ratio a is obtainable from the 
measured linear extension ratio i / V «  (assuming no volume change on 
extension).* The tensile stress in the sheet is </a, and the equivalent 
compressive stress is a/. Since these two are equal,

.................................................. (4)
Table I gives the relevant experimental data, and the calculated values 
of /  and t, for the 8 %  S rubber.

T A B L E  I .— ^Te n s i o n  i n  S h e e t  (/) a n d  E q u i v a l e n t  F o r c e  o f  C o m p r e s s i o n  
FOR 8  %  S  R u b b e r  a t  20® C . O r i g i n a l  T h i c k n e s s  0 -8 2  m m .

A irPrew .
P

(mm.).

Radius of 
csurvaturef

(cm.).
L isear Exteiuioii 

ratio i/V *-
Compresaion 

Ratio a.
Tension in 

Sheets 
(kg./cm. per cm.}.

Equivalent Com* 
pressive force ,/ 

(kg./cm.«).

31 3-61 1 0 2 , 0*95 0-92 1-02
71 2 ’5# i- o 6 . 0-88 1*50 1-93

125 2*10 I I I # o-8o 2-17 3 .9 0
164 1*69 1 1 4 0-77 2*30 5*76
2X0 I  59t I  20 0-69 2-77 —

. 2 70 1 3 1 0-58 3-38 lo -o
304 1*454 1-42 0*49 3*65 14-9
335 I -4 I , x-68 0-35 3 9 3 31-3
341 1 -4 2 , 1-94 0 2 6 5 4-01 57-0
3 32 1-43 2-49 o - i 6 i 3'93 153 .

3 16 1-60 3*03 0-109 4-17 352
3 03 1-71 3‘43 0-085 4-28 5 96
293 1-92 3*75 0-071 4-64 9 1 0
285 2*10 4-07 0-060 4*94 1366
280 2*28 4-26 0*055 5-27 1740
2 76 2-44 4-45 0-050 5*54 2i 8o

• F o r th e  va lid ity  of th is  assum ption  see H o lt and M cPherson, Nat. Bur. 
Stds. 7 . Res., 1936, 17. 657-



The experimental data for the two rubbers are represented in Figs. i and 2, 
which show the tension in the sheet (<) as a function of the linear extension

r a t i o  i / y a .  In
Fig. I ,  which refers 
to the 8 % S rubber, 
curve {a) shows the 
p o in ts  o b ta in ed  
with extensions up 
to  th e  b u rs tin g  
point, whilst curve 
(6) shows the degree 
of agreement be­
tween the curves 
obtained with in­
creasing and with 
decreasing exten­
sions. The con­
tinuous curve in (a) 
represents the theo­
retical relation *

/ =  G ( i - a » )  (5)
when G has the 
value 4‘0 kg./cm*. 
For this rubber the 
data are in agree­

ment with the form predicted by the theory up to an extension ratio of 
3*0 ; thereafter there is a progressive departure from the theoretical curve.



T h e  la te x  r u b b e r  sh o w ed  a  m u c h  less p e r fe c tly  re v e rs ib le  t y p e  of 
b e h a v io u r  (F ig . 2  (fc)), b u t  t h e  d a ta  sh o w  a  s im ila r  a p p ro a c h  to  t h e  th e o ­
r e t ic a l  c u rv e  u p  to  a n  e x te n s io n  r a t i o  o f 3*0  (F ig . 2  (a)), a n d  a  s im ila r  
d e p a r tu r e  a b o v e  th is  fw in t. O w in g  t o  t h e  g r e a te r  s t r e n g th  o f  th is  r u b b e r  
i t  w a s  p o ss ib le  t o  c o n tin u e  th e  c u rv e  t o  g r e a te r  e x te n s io n s  b e fo re  b u rs t in g  
o c c u rre d .

(T o o b ta in  t h e  c u rv e  (a) tw o  d if fe re n t  c la m p s  w ere  u se d , o f w h ic h  d e ta i ls  
a r e  g iv e n  in  re fe re n c e  (5 ). T h e  f irs t ,  a n  o p e n -e n d e d  g las s  tu b e  o n  w h ich  
t h e  r u b b e r  w a s  b o u n d , 
e n a b le d  th e  sm a ll  d i s te n ­
s io n s  t o  b e  m e a su re d , b u t  
w a s  u n s a t is f a c to r y  a t  
h ig h  te n s io n s , w h ils t  th e  
sc e o n d , a  m e ta l  c lam p , 
w a s  s u i ta b le  a t  h ig h e r  
e x t e n s i o n s  o n l y .  T h e  
r u b b e r  w as re m o v e d  fro m  
th e  f ir s t  c la m p , a n d  p la c e d  
in  th e  se c o n d  in  t h e  m id d le  
p o r t io n  o f  th e  c u rv e . T h e  
p o in ts  o b ta in e d  w i th  e a c h  
c la m p  a re  s e p a ra te ly  i n ­
d ic a te d  in  F ig . 2 .)

Simple Elongation.*
T h e  sp e c im e n s  u se d  

fo r  t h e  s im p le  e lo n g a tio n  
h a d  a  w id th  o f  3  m m ., 
a  th ic k n e s s  o f a b o u t  o «8 
m m ., a n d  a  m a rk e d  le n g th  
o f  1 0  m m . T h e  c ro ss-  
s e c tio n a l  a r e a  w a s  d e te r -  
m in e d  e i th e r  b y  w e ig h in g , 
o r  b y  m e a s u re m e n t  w i th  
a  m ic ro sc o p e  a n d  th i c k ­
n e ss  g a u g e . T h e  s t r e tc h e d  
le n g th s  w e re  m e a su re d  
w i th  a  t r a v e ll in g  m ic ro ­
sco p e , w h ile  w e ig h ts  w e re  
a d d e d  to  t h e  lo w e r c la m p .
T h e  r a t e  o f e x te n s io n  w as 
n o t  c o n tro l le d , b u t  th e  
t im e  t a k e n  fo r  e a c h  r e a d ­
in g  w a s  a b o u t  i  m in u te .
T h e  sa m p le s  w e re  g iv e n  
a n  in i t i a l  e x te n s io n  o f 
a b o u t  4 0 0  %  b e fo re  r e a d ­
in g s  w e re  ta k e n ,  a n d  a s  in  
t h e  2 -d im e n s io n a l e x te n ­
s io n  th e  in i t ia l  le n g th  a n d  
c ro ss -s e c tio n a l a re a  w e re
c o r re c te d  fo r  a n y  n o n -re c o v e ra b le  s t r a in  t h u s  in tro d u c e d .

T h e  e x te n s io n  w a s  c o n tin u e d  u n t i l  b re a k in g  o c cu rre d , b u t  t h e  b re a k in g  
p o in t  t h u s  d e te rm in e d  d id  n o t  r e p re s e n t  th e  h ig h e s t  e x te n s io n  t h a t  m ig h t  
h a v e  b e en  o b ta in e d  i f  d u m b -b e ll  s h a p e d  sp e c im e n s  h a d  b e e n  e m p lo y e d .

F ig . 3  re p re s e n ts  t h e  d a t a  fo r  t h e  8  %  S  ru b b e r .  C u rv e  (a) sh o w s th e

• By " simple elongation is meant an extension in one direction, acCom- 
panied by free contraction in directions at right angles.



c o m p le te  s tre s s - s tr a in  c u rv e  o b ta in e d  w i th  in c re a s in g  e x te n s io n s . C u rv e s
(6 ) a n d  (c) sh o w  t h a t  t h e  c u rv e  is  re v e rs ib le  u p  to  a t  le a s t  4 5 0  %  e x te n s io n , 
b u t  is  n o t  a c c u ra te ly  re v e rs ib le  w h e n  th e  m a x im u m  e x te n s io n  is  a p p ro a c h e d . 

T h e  th e o r e t ic a l  fo rm  o f  th e  e lo n g a tio n  c u rv e  is  ^

/ = G ( a - i M  . . . .  (6 )

I f  G is  g iv e n  t h e  v a lu e  4*0  k g ./cm » . w h ic h  w a s  o b ta in e d  fro m  th e  2 -d im e n ­
s io n a l  e x te n s io n , i t  is  se e n  fro m  F ig . 3  t h a t  t h e  e x p e r im e n ta l  c u rv e  b eg in s

t o  fa ll  b e lo w  th e  th e o re t ic a l  
a t  a b o u t  4 0  %  e x te n s io n , 
t h e  d e p a r tu r e  b e c o m in g  
g r e a te r  a n d  r e a c h in g  a  
m a x im u m  a t  a b o u t  2 5 0  %  
e x te n s io n , w h e re  t h e  d if fe r ­
e n ce  b e tw e e n  t h e  t h e o r e t i ­
c a l  a n d  e x p e r im e n ta l  t e n ­
s io n  i s  2 4  % . T h e re a f te r  
t h e  e x p e r im e n ta l  c u rv e  
t u r n s  u p w a rd s ,  c ro sse s  th e  
th e o re tic a l ,  a n d  f in a lly  
d e p a r t s  f ro m  i t  a t  a n  in .  
c re a s in g  r a te .*

I n  t h e  c a se  o f  t h e  la te x  
r u b b e r  (F ig . 4 ) t h e  sa m e  
g e n e ra l p h e n o m e n a  w ere  
o b se rv e d , b u t  t h e  d is c re ­
p a n c ie s  b e tw e e n  t h e  e x ­
p e r im e n ta l  a n d  th e o re t ic a l  
c u rv e s  w e re  m o re  se r io u s . 
T h e  m a x im u m  d iffe re n ce  
(e x c lu d in g  th e  h ig h -e lo n g a -  
t io n  e n d ) was 3 5  % . T h e  
c u rv e  (&) sh o w s t h a t  h y ­
s te re s is  w a s  m o re  se r io u s  
t h a n  w ith  th e  8  %  S  ru b b e r ,  
a n d  i t  w a s  o b se rv e d  in  
ta k in g  th e  re a d in g s  t h a t  
slo w  d r i f t  o r ' '  c r e e p ' '  e  flee ts  
w e re  m u c h  m o re  n o tic e a b le .

C o m p r e s s i o n  a n d  
E lo n g a t io n .  T h e o re tic a l ly  
t h e  e lo n g a tio n  a n d  c o m ­
p re ss io n  c u rv e s  fo rm  a  c o n ­
t in u o u s  c u rv e  re p re s e n te d

Fig. 4 .— Simple elongation. Latex rubber, 50® C.

b y  e q u a t io n  (6 ). I t  is  o f  in te r e s t  t o  c o m p a re  t h e  e x p e r im e n ta l  d a t a  o n  
th is  b a s is . I n  F ig . 5  t h e  c o n tin u o u s  c u rv e  r e p r e s e n t s 'th e  th e o r e t i c a l  r e la ­
t io n  (6 ), w i th  G =  4 -0 , a n d  th e  e x p e r im e n ta l  d a ta  fo r  t h e  8  %  S  r u b b e r  
a r e  re p re s e n te d  b y  th e  c irc le s . T h e  p o in ts  fo r  a  >  i  a r e  t a k e n  f ro m  F ig .  3 , 
w h i ls t  t h e  p o in ts  fo r  a  <  i  a r e  t a k e n  fro m  T a b le  I ,  in  w h ic h  th e  e q u iv a ­
le n t  c o m p re ss iv e  fo rce , c a lc u la te d  fro m  th e  2 -d im en sio rtk l e x te n s io n  d a ta ,

• The author’s attention has been drawn to an early paper by Baker {Proc. 
Physic. Soc., 1899, 17 , 107), in which the approximate constancy of frequency of 
vibration of a stretched rubber cord over a wide range of extension is discussed. 
A  calculation on the basis of formula (6) yields the result n  =  a V i  «
being the frequency of vibration and k a constant. Thus n becomes substantially 
independent of frequency for extensions higher than about 100 %. Moreover, 
at lower extensions Baker’s experimental data agree more closely with this 
formula than with the formula suggested by him,.i.e. n = kWV~— i/a, based on 
the assumption of a linear stress-strain relation.



is given. The continuity between the extension and compression branches 
of the c u r v e  is satisfactorily exhibited.

Pure Shear.
A  c o n v e n ie n t  

m e th o d  o f  a p p ly ­
in g  a  la rg e  s h e a r  
t o  r u b b e r  i s  t o  
s t r e tc h  a  s h o r t  
w id e  s t r i p  b e tw e e n  
c la m p s . T h e  fo rm  
o f  t h e  s h e e t  u n d e r  
th e s e  c o n d it io n s  
i s  i l l u s t r a t e d  
i n  F ig . 6 . T h e  
s t r ip  h a d  a  w id th  
o f  7 5  m m . a n d  
a n  u n s t r e t c h e d  
‘ ‘ l e n g th , ' ’ b e tw e e n  
c la m p s , o f 5  m m .
I t  w a s  s t r e tc h e d  
b y  a p p l y i n g  
w e ig h ts  t o  th e  
lo w e r c la m p . T o  
d e t e r m i n e  t h e  
s t a t e  o f  s t r a in  in  
t h e  s t r e tc h e d  s h e e t  
v e r t ic a l  lin e s  w e re  
m a rk e d  o n  t h e  u n ­
s t r e tc h e d  s h e e t  a t  
d is ta n c e s  o f  7 * 5  
m m . T h e  p o s i t io n  .
o f  th e s e  lin e s  o n  t h e  s t r e tc h e d  s h e e t  w a s  t h e n  m e a su re d  w i th  t h e  t r a v e l l in g  
m ic ro sc o p e . T h e  r e s u l t  is  r e p ro d u c e d  in  F ig . 6 , i n  w h ic h  A B  a n d  CD  
r e p re s e n t  th e  c la m p e d  ed g es , a n d  th e  e x te n s io n  r a t i o  w a s  6 -2 .

I n  a  p u r e  s h e a r  lin e s  p a ra l le l  t o  a  g iv e n  d ire c tio n  (in  t h is  c a se  A B ) d o  
n o t  c h a n g e  t h e i r  len g th .^  T o  a  f ir s t  a p p ro x im a t io n  t h e  s t r e tc h e d  s t r ip  
r e p re s e n te d  in  F ig .  6  is  th e re fo re  in  a  s t a te  o f p u re  sh e a r , fo r  w i th  a n  
e x te n s io n  o f 5 2 0  %  in  t h e  v e r t ic a l  d i re c tio n  th e r e  is  a  c h a n g e  o f  o n ly  1 2  %

in  th e  h o r iz o n ta l  d irec -

Fro. 5 .— Tensile and com pressive force as function  of a. 
8 %  S ru bber, 20® C.

7
B t io n .  A  m o re  a c c u ra te  

a p p r o a c h  w o u ld  b e  o b ­
t a in e d  if  t h e  o u te rm o s t  
s e g m e n ts  sh o w n  in  F ig . 6  
c o u ld  b e  re m o v e d  ; th is  
m a y  b e  d o n e , i n  effec t, 
b y  w o rk in g  w i th  tw o  
s t r ip s  o f d if fe re n t w id th s  
a n d  s u b t r a c t in g  th e  t e n ­
s io n  o n  th e  n a r ro w e r  
fro m  t h e  te n s io n  o n  th e  
w id e r  s t r ip  t o  o b ta in  th e  

te n s io n  o n  th e  m id d le  p o r t io n . T h is  w as n o t  d o n e  in  th e  p re s e n t  e x p e r i ­
m e n t ,  b e c a u se  t h e  c o r re c tio n  w a s  fo u n d  t o  b e  in s ig n if ic a n t, w h i ls t  th e  
o p e ra t io n  o f  s u b t r a c t io n  m u lt ip lie d  t h e  e x p e r im e n ta l  e r ro r .  B u t  i t  w a s  
d o n e  in  t h e  c ase  o f c o m b in e d  s h e a r  a n d  e lo n g a tio n  (sec tio n  6 ), w h e re  t h e  
c u r v a tu r e  of t h e  e d g es  w a s  m u c h  g re a te r .

I t  sh o u ld  b e  p o in te d  o u t  t h a t  t h e  s t r e tc h in g  o f  a  w id e  s t r ip  g iv es  a  p u re  
s h e a r  o n ly  i f  t h e  v o lu m e  re m a in s  u n c h a n g e d .

Fig. 6 .— State of strain in wide sheet at a =  6‘2 .



T h e  e x p e r im e n ta l  te c h n iq u e  e m p lo y e d  in  t h e  s t r e tc h in g  o f t h e  w id e  
s t r i p  w a s  t h e  s a m e  a s  in  t h e  s im p le  e lo n g a tio n . M e a su re m e n ts  w e re  m a d e  
o n  m a r k s  a t  a n  o r ig in a l  d is ta n c e  o f  4  m m . T h e  m a x im u m  lo a d  w h ich  
c o u ld  b e  a p p lie d  w a s  d e te rm in e d  b y  s l ip p in g  a t  t h e  c la m p  o r  o th e r  c o n ­
s id e ra t io n s  : t r u e  b re a k in g  s t r e n g th s  w e re  n o t  o b ta in e d .

F r o m  F ig . 7  t h e  te n s io n  c u rv e  fo r  t h e  s t r e tc h in g  o f  a  w id e  s t r ip  is  seen  
t o  b e  v e r y  s im ila r  t o  th e  s im p le  e lo n g a tio n  c u rv e . T h e  te n s io n  is  g iv en  
in  k g . p e r  cm *, o f t h e  u n s tr a in e d  c ro ss -sec tio n . T h e  th e o r e t ic a l  r e la tio n  is

/ = G ( « - i / a » )  . . . .  (7 )
w h ic h  is  v e r y  sim ilsir t o  (6 ), 
b u t  g iv es  a  h ig h e r  in i t ia l  
s lo p e , in  t h e  r a t i o  4 : 3 .
F o r  t h e  8  %  S r u b b e r  th e  
a g re e m e n t  w i th  t h e  th e o r y  
(a g a in  w i th  G =  4 *0 ) is  
good  u p  t o  5 0  %  e x te n ­
s io n  ; a t  h ig h e r  e x te n s io n s  
t h e  e x p e r im e n ta l  c u rv e  fa lls  
b e lo w  t h e  th e o r e t ic a l  b y  a  
m a x im u m  a m o u n t  o f  1 7  % .
T h e  a g re e m e n t is  th u s  
r a th e r  c lo se r  fo r  t h e  s h e a r  
t h a n  fo r  s im p le  e lo n g a tio n .

F i g . 7 .— E xten sio n  of wide 
s tr ip  (pure shear). 8 %  
S rubber, 20® C.

F ig . 8 .— E xtension  of w ide s tr ip  (pure shear). 
L a tex  rubber, 5 0 ® C.

D a ta  fo r  t h e  la te x  r u b b e r  a r e  g iv e n  in  F ig . 8 . A g a in  t h e  a g re e m e n t 
w i th  th e o ry ,  w h e n  G h a s  th e  v a lu e  6 *3  o b ta in e d  fro m  th e  2 -d im e n s io n a I 
e x te n s io n , is  s l ig h tly  b e t t e r  t h a n  in  s im p le  e lo n g a tio n , b u t  h y s te re s is  
e ffe c ts  (c u rv e  (6 )) a r e  c o n s id e ra b le .

T h e  S h e a r  S t r e s s ,  T h u s  fa r  t h e  p r in c ip a l  te n s io n  in  t h e  d ire c tio n  o f 
s t r e tc h in g  o n ly  h a s  b een  c o n s id e re d . T h e  s h e a r  s t r e s s  a n d  s h e a r  s t r a in  
w ill n o w  b e  d e r iv e d . T h e  sh e a r  s t r a in  o is  g iv e n  b y  th e  r e la t io n

e ^ O L - i j a  , . . . (8 )
w h e re  a  is  t h e  p r in c ip a l  e x te n s io n  r a t io .  T o  fin d  t h e  s h e a r  s tre s s  Fg,  u se  
is  m a d e  o f  t h e  w o rk  o f  d e fo rm a tio n  p e r  c .c ., W.  W e  h a v e  th e n  fo r  t h e  
te n s ile  fo rc e  / ,

f = d W / d a ,
a n d  fo r  t h e  s h e a r  s tre s s

Fa =  dW jdo.



H en ce ,

(9)
f ro m  (8 ). E q u a t io n s  (8 ) a n d  (g) e n a b le  t h e  r e la t io n  b e tw e e n  s h e a r  s tre s s  
a n d  s h e a r  s t r a in  t o  b e  o b ta in e d .

T h e  r e s u l ts  a r e  sh o w n  in  F ig s . 9  (c u rv e  (a)) a n d  1 0 . T h e s e  c u rv e s  
w e re  o b ta in e d  fro m  th e  sm o o th  c u rv e s  in  F ig s . 7  a n d  8  re sp e c tiv e ly .  T h e  
th e o r y  re q u ire s  a  l in e a r  r e la t io n  b e tw e e n  s h e a r  s t r e s s  a n d  s h e a r  stra in ^  as 
in d ic a te d  in  t h e  figu res.

Combined Elongation and Shear.
T h e  e x p e r im e n t  d e sc rib e d  in  t h is  se c tio n  w a s  d e s ig n ed  t o  t e s t  th e  

th e o re t ic a l  e x p e c ta t io n  in  t h e  c a s e  o f a  s h e a r  a p p lie d  i n  a  p la n e  a t  r ig h t  
a n g le s  t o  a n  in i t ia l  s im p le  e lo n g a tio n . T h e  th e o r y  sh o w s t h a t  t h e  e ffe c tiv e



r ig id i ty  t o  s h e a r  sh o u ld  b e  in v e rs e ly  p r o p o r t io n a l  t o  t h e  o r ig in a l  e x te n s io n  
r a t i o . '  T h e  e x p e r im e n t  in v o lv e d  s t r e tc h in g  a  w id e  s t r ip ,  a s  d e sc rib e d  in  
s e c tio n  5 . w i th  t h e  d iffe re n ce  t h a t  th e  r u b b e r  w a s  s t r e tc h e d  p a ra l le l  t o  A B  
(F ig . 6 ) b e fo re  c la m p in g .

T h e  e x p e r im e n t  w a s  p e rfo rm e d  o n  t h e  8  %  S ru b b e r .  A  s t r ip  o f 
ru b b e r ,  s u i t a b ly  m a rk e d , w a s  f i r s t  e x te n d e d  to  a s  n e a r ly  a s  p o ss ib le  th r e e  
t im e s  i t s  o r ig in a l  le n g th , th e n  c la m p e d  a lo n g  i t s  ed g es in  c la m p s  o f w id th  
7 5  m m . T h e  e d g es  o f  t h e  c la m p s  l a y  a lo n g  lin e s  o r ig in a lly  s e p a ra te d  b y  
5  m m ., t h e  d is ta n c e  b e tw e e n  c la m p s  b e fo re  t h e  a p p lic a t io n  o f  t h e  sh e a r  
w a s  th e re fo re  5 / V 3  T h e  p r o t r u d in g  e n d s  o f  t h e  s t r e tc h e d  s t r ip  w e re
t h e n  c u t  o ff a lo n g  a  m a rk e d  lin e  w ith  sc isso rs . T h e  r e s u l t  w a s  a  s t r ip  of 
w id th  7 5  d im . e x te n d e d  t o  th r e e  t im e s  i t s  le n g th , w h ic h  c o u ld  n o w  b e  
s h e a re d  in  a  p la n e  a t  r ig h t  a n g le s  t o  t h e  e x te n s io n . F o r  t h e  s h e a r  m e a s u re ­
m e n ts  t h e  m ic ro sc o p e  w a s  fo c u sse d  o n  m a r k s  a t  a  d is ta n c e  (b e fo re  sh e a rin g )  
o f  3  m m .

O w in g  t o  t h e  o r ig in a l  e x te n s io n  th e r e  w a s  c o n s id e ra b le  c u r v a tu r e  a t  
t h e  e d g es  o f  t h e  s t r ip ,  a n d  th is  c u r v a tu r e  b e c a m e  m o re  s e r io u s  w i th  in ­
c re a s in g  sh e a r .  T h e  e ffe c t w a s  e lim in a te d  b y  m a k in g  m e a su re m e n ts  o n

F i g . I I . —S hear superposed on F i g . 1 2 .— Shear superposed on
elongation. elongation.

(a) 7 5 -m m . w id th . (6) 3 8 -5 -m m . w idth . 8  %  S rubber, 20® C.
(c) Difference. 8 %  S rubber, 2 0 “ C.

tw o  s tr ip s ,  o n e  h a v in g  a b o u t  tw ic e  t h e  w id th  o f  t h e  o th e r ,  t h e  te n s io n  o n  
t h e  c e n t r a l  u n ifo rm  p o r t io n  o f  th e  w id e r  s t r ip  b e in g  o b ta in e d  b y  d iffe ren ce . 
I n  F ig . I I ,  c u rv e s  (a) a n d  (fc) g iv e  t h e  e x p e r im e n ta l  d a t a  fo r  th e s e  tw o  
s t r ip s  (c o rre c te d  o n ly  fo r  a  sm a ll  d iffe re n ce  in  th ic k n e ss ) , w h ils t  (c) g iv es 
t h e  d iffe ren ce . I^ig. 1 2  g iv e s  t h e  te n s io n  in  k g ./cm * . d e r iv e d  fro m  (c), a s 
w e ll a s  t h e  th e o r e t i c a l  c u rv e

/ =  1*33 (a  -  i /a > ).
T h e  a g re e m e n t b e tw e e n  th e o r y  a n d  e x p e r im e n t  m a y  b e  c o n s id e re d  s a t is ­
f a c to ry .  T h e re  is  a  s l ig h t  in c o n s is te n c y  b e tw e e n  th e s e  e x p e r im e n ta l  
r e s u l ts  a n d  th e  2 -d im e n s io n a l e x te n s io n  d a ta .  F o r  w h e n  a  =  3-^/3 (*•«• 
5 ‘2 o) th e  tw o  p r in c ip a l  e x te n s io n s  a re  e a c h  e q u a l  t o  3 *0  a n d  th e  te n s io n  
s h o u ld  a g re e  w i th  t h a t  i n  t h e  2 -d im e n s io n a l e x te n s io n , w h ich , a s  a lr e a d y  
se e n , a g re e d  w i th  t h e  th e o r e t ic a l  r e la t io n  u p  t o  a n  e x te n s io n  r a t i o  o f  3 *0 . 
I n  t h e  p re s e n t  e x p e r im e n t  t h e  d iffe re n ce  a m o u n ts  t o  a b o u t  1 0  % . I f  th is  
d iffe re n ce  w e re  g e n u in e  i t  w o u ld  su g g e s t t h a t  t h e  s tre s se s  a r e  n o t  in d e ­
p e n d e n t  o f  t h e  w a y  in  w h ic h  s t r a in s  a r e  su p e rp o se d  t o  p ro d u c e  a  g iv e n  
f in a l s t r a in .  H o w e v e r , t h e  e x p e r im e n ta l  e r ro rs  a r e  g r e a t ly  in c re a s e d  b y  
th e  p ro c e ss  o f  s u b t r a c t io n  o f  t h e  tw o  s e ts  o f  d a ta ,  a n d  i t  is  f e lt  t h a t  th e



d iffe re n ce  o f  1 0  %  is  n o t  su ff ic ie n tly  o u ts id e  t h e  p ro b a b le  e r ro r  i n  th is  
p a r t i c u l a r  e x p e r im e n t,  t o  ju s t i f y  su c h  a  c o n c lu s io n .

I n  F ig .  9 , c u rv e  (6) re p re s e n ts  t h e  s h e a r  s t r e s s - s tr a in  re la tio n s h ip ,  
calculated as in section 5 , for the shear superimposed on an elongation of 
2 0 0  % . T h e  th e o re t ic a l  lin e  h a s  a  s lo p e  o f  o n e - th ird  t h a t  fo r  t h e  p u re  
sh e a r .

Discussion.
I t  h a s  a lr e a d y  b e e n  p o in te d  o u t '  t h a t  i n  t h e  d e r iv a t io n  o f  e q u a t io n  (1 ) 

f ro m  th e  m o le c u la r  n e tw o rk  th e o ry ,  i t  is  a s su m e d  t h a t  t h e  m o le c u le s  d o  
n o t  a p p ro a c h  a  c o n d it io n  o f  fu ll e x te n s io n . I t  i s  t h i s  a p p ro a c h  t o  fu ll 
e x te n s io n  w h ic h  i s  re sp o n s ib le  fo r  t h e  s t r o n g  u p w a rd  c u r v a tu r e  sh o w n  b y  
t h e  e x p e r im e n ta l  c u rv e s  in  th e  th r e e  p r in c ip a l  ty p e s  o f  d e fo rm a tio n  w h en  
th e  d e fo rm a tio n  is  v e r y  la rg e . T h is  e ffe c t w ill b e  n e g le c te d  in  t h e  fo llo w in g  
d isc u ss io n .

C o n s id e rin g  th e  d a t a  fo r  t h e  8  %  S  ru b b e r ,  t h e  e x p e r im e n ta l  c u rv e s  a re  
i n  g e n e ra l  a g re e m e n t w i th  t h e  th e o ry .  T h e  2 -d im e n s io n a l e x te n s io n  d a ta  
a g re e  c lo se ly  w ith  t h e  th e o re tic a l  c u rv e , b u t  t h e  e x p e r im e n ta l  c u rv e s  fo r  
s h e a r  a n d  e lo n g a tio n  sh o w  s ig n if ic a n t d e v ia t io n s  fro m  th e  th e o re t ic a l  
fo rm . F o r  t h e  s h e a r  su p e rp o se d  o n  a n  e lo n g a tio n  th e  th e o r y  g iv e s  th e  
r i g h t  k in d  o f  d e p e n d e n c e  o f  e ffe c tiv e  r ig id i ty  o n  in i t i a l  e lo n g a tio n , a n d  
t h e  q u a n t i t a t i v e  a g re e m e n t, th o u g h  n o t  e x a c t,  i s  s a t is fa c to ry .

I t  w o u ld , o f co u rse , b e  p o ss ib le  t o  o b ta in  a  c lo se r  f i t  t o  t h e  e x p e r im e n ta l  
s h e a r  a n d  e lo n g a tio n  d a t a  b y  a d ju s t in g  th e  v a lu e  o f  G in  t h e  th e o r e t ic a l  
fo rm u las. T h e  re a so n  fo r  re fe r r in g  a ll  th e  d e fo rm a tio n s  t o  t h e  v a lu e  o f  G 
o b ta in e d  f ro m  th e  2 -d im e n s io n a l e x te n s io n  w a s  t h a t  t h is  ty p e  o f d e fo rm a ­
t io n  g iv es  t h e  c lo se s t  a g re e m e n t w i th  t h e  th e o ry ,  a n d  t h e  th e o r y  re q u ire s  
t h a t  G s h a l l  b e  t h e  s a m e  fo r  a l l  ty p e s  o f  d e fo rm a tio n . M o reo v er, t h is  
c h o ic e  o f  t h e  v a lu e  o f G is  c o n s is te n t  w i th  a l l  t h e  d a ta ,  p ro v id e d  t h a t  th e  
d e fo rm a tio n s  a r e  n o t  la rg e .

T h e  r e a so n  fo r  t h e  d e p a r tu r e s  f ro m  t h e  th e o r e t ic a l  fo rm  in  t h e  c a se s  o f 
e lo n g a tio n  a n d  s h e a r  is  n o t  o b v io u s . I t  m ig h t  b e  su g g e s te d  t h a t  in te r n a l  
e n e rg y  c h a n g e s  a s so c ia te d  w i th  m o le c u la r  a l ig n m e n t  a r e  re sp o n s ib le , b u t  
t h is  se e m s to  b e  u n lik e ly  in  v iew  o f  t h e  e x p e r im e n ta l  w o rk  o f  A n th o n y  
C a s to n  a n d  G u th  * re fe r re d  to  i n  se c tio n  2 , w h ic h  sh o w ed  t h a t  in te r n a l  
e n e rg y  c h a n g e s  w e re  re la t iv e ly  sm a ll  t o  3 5 0  %  e x te n s io n , a n d  in  a n y  c a s e  
w e re  in  t h e  w ro n g  d ire c tio n  t o  a c c o u n t  fo r  t h e  p re s e n t  d e v ia t io n . I t  is  
p o ss ib le  t h a t  t h e  a s su m p tio n s  o f t h e  th e o r y  w i th  r e g a rd  t o  t h e  d is t r ib u t io n  
o f  m o le c u la r  le n g th s  in  t h e  s t r e tc h e d  s ta te ,  o r  t h e  a s s u m p tio n  o f  a  s in g le  
v a lu e  fo r  t h e  m o le c u la r  w e ig h t b e tw e e n  ju n c t io n  p o in ts  m a y  b e  in a d e q u a te .  
I t  is  a lso  p o ss ib le  t h a t  th e  ju n c t io n  p o in ts  b e tw e e n  m o le c u le s  in  t h e  a c tu a l  
r u b b e r  a r e  n o t  a s  d e f in ite  a s  t h e  th e o r y  re q u ire s  ; fo r  e x a m p le , th e r e  m a y  
b e  e ffe c tiv e  ju n c t io n  p o in ts  a k in  t o  e n ta n g le m e n t-c o h e s io n s , w h ic h  m a y  
b r e a k  d o w n  u n d e r  c e r ta in  s ta te s  o f s t r a in .

T h e  s ta t i s t i c a l  th e o r y  o f th e  n e tw o rk  is  b a s e d  o n  c e r ta in  fu n d a m e n ta l  
a s s u m p tio n s  o f  a  v e r y  g e n e ra l a n d  p r o b a b ly  f a r  to o  s im p le  a  c h a r a c te r  t o  
le a d  t o  a n  e x a c t  c o rre sp o n d e n c e  w ith  a n y  r e a l  m a te r ia l .  I n  th e s e  c irc u m ­
s ta n c e s  i t  is  f e lt  t h a t  t h e  d e g ree  o f a g re e m e n t sh o w n  b y  t h e  8  %  S  r u b b e r  
p ro v id e s  a  s u b s ta n t ia l  c o n firm a tio n  o f t h e  th e o r y  a s  a n  e x p la n a t io n  o f th e  
p h j^ ic a l  b a s is  o f  ru b b e r l ik e  e la s t ic i ty .  T h is  is  p a r t i c u la r ly  t r u e  fo r  th e  
2 -d im e n s io n a l e x te n s io n  a n d  th e  s h e a r  p lu s  e lo n g a tio n , w h e re  t h e  fo rm  of 
t h e  e x p e r im e n ta l  r e s u l ts  w a s  q u i te  u n s u s p e c te d  w h e n  th e  th e o r y  w a s  
d e v e lo p ed .

I t  is  p ro b a b le  t h a t  M o o n e y ’s  fo rm u la  ® fo r  t h e  w o rk  o f d e fo rm a tio n , 
d e r iv e d  o n  th e  a s s u m p tio n  of a  l in e a r  s t r e s s - s tr a in  r e la t io n  in  sh e a r, m ig h t  
le a d  t o  a  c lo se r f i t  t o  t h e  e x p e r im e n ta l  s tre s s - s tra in  c u rv e  fo r  e lo n g a tio n  
t h a n  t h e  fo rm  (6 ). T h is  a p p lic a t io n  o f  M o o n e y ’s fo rm u la  is, h o w e v e r,
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in a d m is s ib le , s in c e  t h e  p re s e n t  w o rk  sh o w s t h a t  t h e  d e p a r tu r e  f ro m  lin e ­
a r i t y  i n  s h e a r  is  o f t h e  s a m e  o rd e r  o f  m a g n i tu d e  a s  t h e  d is c re p a n c y  in  t h e  
e lo n g a t io n  c u rv e .

T u r n in g  n o w  t o  t h e  la te x  r u b b e r  d a ta ,  t h e  a g re e m e n t is  less  g o o d . 
E v id e n t ly  t h e  s t r u c tu r e  o f  t h is  r u b b e r  a p p ro x im a te s  less  c lo se ly  t o  th e  
id e a l  e la s t ic  n e t w o r k ; in d e e d , th e  e la s t ic  b e h a v io u r  is  o b v io u s ly  f a r th e r  
f ro m  t h e  id e a l,  a s  t h e  h y s te re s is  lo o p s  sh o w . T h is  is  p r o b a b ly  d u e  p a r t l y  
t o  t h e  e ffe c ts  o f  c ry s ta l l is a t io n , w h ic h  o c c u rs  m o re  r e a d i ly  in  th is  r u b b e r  
t h a n  in  t h e  8  %  S  c o m p o u n d .

D e v ia t io n s  o f  t h e  o b se rv e d  m a g n i tu d e  le a d  t o  t h e  c o n c lu s io n  t h a t  f ro m  
t h e  p ra c t ic a l  s t a n d p o in t  t h e  u t i l i ty  o f  t h e  th e o r e t ic a l  fo rm ulae  is  l ik e ly  to  
b e  s o m e w h a t l im ite d .  T h is  l im ita t io n  a r is e s  t o  a  c o n s id » a b le  e x te n t  
f ro m  t h e  im p e r fe c t ly  d e f in a b le  p ro p e r t ie s  o f te c h n ic a l  ru b b e rs ,  a n d  t o  t h is  
e x te n t  w o u ld  a p p ly  t o  a n y  th e o re t ic a l  r e la tio n s  t h a t  m ig h t  b e  o b ta in e d . 
N e v e r th e le s s , i t  i s  f e lt  t h a t  t h e  th e o r y  m a y  h a v e  v a lu e  i n  re v e a lin g  t h e  
g e n e ra l  c h a r a c te r  o f  t h e  s t r e s s - s tr a in  r e la t io n s  fo r  t h e  v a r io u s  ty p e s  o f 
d e fo rm a tio n  o f  r u b b e r  a n d  in  p ro v id in g  a  so u n d , i f  n o t  s t r i c t l y  q u a n t i t a t iv e  
b a s is  fo r  f u r th e r  p ra c t ic a l  d e v e lo p m e n t.

Summary.
S tre s s - s tr a in  d a t a  a r e  g iv e n  fo r  tw o  t 5rpes o f  v u lc a n is e d  r u b b e r : ( i)  

a n  8  %  S  ru b b e r ,  a n d  (2 ) a  la te x  ru b b e r .  T h e  ty p e s  o f  d e fo rm a tio n  
s tu d ie d  w e re  s im p le  e lo n g a tio n , 2 -d im e n s io n a l e x te n s io n  (o r co m p re ss io n ), 
p u r e  sh e a r ,  a n d  c o m b in e d  e lo n g a tio n  a n d  sh e a r .  C o m p a riso n  w ith  th e  
th e o r e t ic a l  r e la t io n s  b a se d  o n  th e  m o le c u la r -n e tw o rk  m o d e l sh o w s th e  
a g re e m e n t  t o  b e  g o o d  fo r  t h e  2 -d im e n s io n a l e x te n s io n , b u t  less g o o d  fo r  
s im p le  e lo n g a t io n  a n d  sh e a r .  T h e  e S e c t  o f  c o m b in e d  e lo n g a tio n  a n d  s h e a r  
is  s a t is f a c to r i ly  a c c o u n te d  fo r. I t  is  c o n c lu d e d  t h a t  th e  th e o r y  p ro v id e s  a  
s a t is f a c to r y  e x p la n a t io n  o f  ru b b e r l ik e  e la s t ic i ty ,  a n d  fo rm s  a  u se fu l b a s is  
fo r  t h e  d e s c r ip t io n  o f  t h e  m e c h a n ic a l p ro p e r t ie s  o f  r u b b e r  su b je c te d  t o  
la rg e  d e fo rm a tio n s  o f  a n y  ty p e .

T h e  a u th o r  d e s ire s  t o  e x p re ss  h is  t h a n k s  t o  D r . E . R h o d e s  o f  th e s e  
la b o ra to r ie s  fo r  t h e  p r e p a r a t io n  o f  t h e  r u b b e r  sa m p le s . T h e  w o rk  fo rm s  
p a r t  o f  t h e  p ro g ra m m e  o f  fu n d a m e n ta l  re se a rc h  o n  r u b b e r  u n d e r ta k e n  b y  
t h e  B o a rd  o f  t h e  B r i t is h  R u b b e r  P ro d u c e rs ' R e se a rc h  A sso c ia tio n .
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