
Stress Whitening of Polymer Blends as a 

Tool for Experimental Stress Analysis 

Observations outlined in this technical note indicate 
that, although the initial experimental results are of low 
accuracy, the method has some merits 

by R. H. Shoulberg and E. R. Lang 
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Fig. I - - S t r e s s  and re lat ive l ight  t r ansm i t t ance  as f unc t i ons  
of  strain for experimental material " A "  

Introduction 
T h e  increase  in opac i ty ,  k n o w n  as b l anch ing  or 
" s t ress  whi t en ing , "  of  b lends* of  ce r t a in  p o l y m e r i c  
ma te r i a l s  unde r  tens i le  s tress  is a well  k n o w n  
p h e n o m e n o n  to  those  engaged  in t he  m a n u f a c t u r e  
or use of  such po lymers .  However ,  m o s t - - i f  n o t  
a l l - - o f  these  ma te r i a l s  have ,  un t i l  recent ly ,  been  
o p a q u e  or b a r e l y  t r a n s l u c e n t  (in sheets ,  say,  l//4 in. 
th ick) .  A n u m b e r  of  expe r imen ta l  p o l y m e r s  m a d e  
dur ing  the  pa s t  few yea r s  in these  l abo ra to r i e s  a re  
a lmos t  t r a n s p a r e n t  in a s t ress-free s ta te ,  b u t  become  
qu i t e  opaque  over  a na r row range  of  tens i le  s t ress  
a l m o s t  co inc ident  w i th  t h e  m a x i m u m  l o a d - c a r r y i n g  
c a p a c i t y  of  t he  ma te r i a l .  Obse rva t ions  of the  be-  
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hav io r  of  these  p o l y m e r s  sugges ted  t h a t  one m i g h t  
de t e rmine  s t r e s s -concen t ra t ion  fac tors  b y  v i sua l  
e x a m i n a t i o n  of  spec imens  u n d e r  m e a s u r e d  loads.  
A l t h o u g h  the  in i t ia l  e x p e r i m e n t a l  work  showed 
resu l t s  of low accuracy ,  t he  m e t h o d  a p p e a r s  to  be 
un ique  and  has  some mer i t s .  T h e  e x p e r i m e n t a l  
resu l t s  a n d  a d iscuss ion of  t h e  t echn ique  are  pre-  
sen ted  in t he  fol lowing sections.  

Materials 
T h r e e  ma te r i a l s  were se lec ted  for in i t ia l  t e s t ing :  

two cas t  ma te r i a l s  of  a h igh  degree  of t r a n s p a r e n c y  
and  an  in j ec t ion -mold ing  m a t e r i a l  which,  a l t hough  
not  as  t r a n s p a r e n t  as  t he  cas t  ma te r i a l s ,  shows the  
same  wel l -def ined s t ress  whi ten ing .  

F igure  1 shows the  r e l a t ive  t o t a l  whi t e - l igh t  
t r a n s m i t t a n c e  and  the  tensi le  s t ress  for cas t  ex- 
pe r imen ta l  ma te r i a l  " A "  as func t ions  of s t r a in  for a 
1/4-in. t h i c k  spec imen  of un i fo rm cross sect ion,  
s t r a ined  a t  a c o n s t a n t  r a t e  of  a b o u t  0.007 i n . / i n . /  
min  a t  23 ~ C. T h e  t r a n s m i t t a n c e  was m e a s u r e d  
using a s t a n d a r d  au tomob i l e  l igh t  bu lb  and  a W e s t o n  
Mode l  594 pho t ron ic  cell. T h e  t o t a l  whi t e - l igh t  
t r a n s m i t t a n c e  m e a s u r e d  using an  i n t e g r a t i n g  sphere  
is 86 pe rcen t  a t  23 ~ C. (The t r a n s m i t t a n c e  is a 
func t ion  of  t e m p e r a t u r e  because  of  di f ferent  t em-  
p e r a t u r e  coefficients of  t he  r e f r ac t ive  indices  of  t he  
two  phases  which  are  p resen t  in  these  mate r i a l s ,  as  
is exp la ined  below.) T h e  curves  of  Fig .  1 a re  qu i t e  
r ep roduc ib le  for di f ferent  s amples  of  the  same ma-  
t e r i a l  unde r  a g iven set  of  t e s t i ng  condi t ions ;  in 
pa r t i cu la r ,  t he  s t ress  a t  m a x i m u m  load  shows 
s t a n d a r d  dev i a t i ons  of  a few pe rcen t  if  a la rge  
n u m b e r  of  spec imens  are  t e s ted .  H o w e v e r ,  t he  
s tress  a t  m a x i m u m  load  will  show a slow l inear  
increase w i th  t h e  l o g a r i t h m  of  t h e  s t r a in ing  ra t e .  
T h e  s t ress  a t  m a x i m u m  load  is 5900 psi a t  1 pe rcen t  
s t r a i n / m i n ;  a t  10 pe rcen t  s t r a i n / m i n  i t  is a b o u t  
6300 psi; and  a t  100 pe rcen t  s t r a i n / m i n ,  a b o u t  
6700 psi.  T h e  i m p o r t a n t  po in t s  to  be  n o t e d  in  

* Blends are defined as polymers made in such a [ashion that at least two 
distinct phases are present in the material. The milling together of  two 
polymers, for example, can result in a blend. 
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TABLE 1--PHYSICAL PROPERTIES OF TEST MATERIALS 

Material 

Total 
Stress at white-l ight Parallel-light 

max. load, trans- trans- 
1% st ra in/  mittance, mittance, 

rain at 1/4 in. 1/4 in. 
23 ~ C, psi sheet, % sheet, % 

A (cast) 5900 86 65 
B (cast) 4300 84 35 
C ( inject ion 4900 52 25 

molded)  

Fig. 1 are: (1) the rapid decrease in light transmit- 
tance over a small stress range; (2) the fact tha t  the 
relative transmittance starts its precipitous fall 
slightly before the maximum stress is reached and is 
equal to only about 30 percent at  maximum stress; 
and (3) the unfortunate fact tha t  the stress-strain 
curve is nonlinear both before and during the rapid 
transmittance change. Materials "B" and "C"  
show similar features, although their properties 
differ, as shown in Table 1. 

Stress whitening is believed to have two causes; 
the relative contributions from each cause are not 
easy to assess, but  both relate to the polymer 
structure. The blends are composed of two phases: 
a hard glassy matrix and a particulate phase of 
rubbery material. These phases are, on a micro- 
scopic scale, well defined, and it is believed that  
opacity results in part  from the scattering of light 
from interfacial voids which arise under stress. 
Cavities in the glassy matrix undergo an increase in 
volume under a tensile stress while the rubbery 
particles filling these cavities, because of differ- 
ences in their elastic properties, have a greater 
resistance to dilatation. When the tensile strength 
of interfacial bonds is exceeded, parting occurs and a 
void forms. Whitening will also occur in pure 
shear, but  it is important  to note that,  whereas 
whitening occurs in uniaxial tension at 4300 psi for 
material B, it occurs in pure shear at about 5300 
psi, while in uniaxial compression only hazing was 
noted at 10,400 psi, after which the specimens 
tested failed by buckling. Thus, the whitening 
occurring in uniaxial tension does not result from the 
action of shearing stresses. A beam in pure bending 

TABLE 2--STRESS-CONCENTRATION FACTORS 

Stress- 
Calculated concentration 

Width of Hole stress- factor from 
testpiece, diameter, concentration photoelastic 

Material in. in. factor measurements* 

A 2 1/2 2.07 2.36 
A 2 1/2 2.20 2.36 
A 2 1/8 2.18 2.73 
A 2 1/8 2.08 2.73 
B I/2 I/4 1.77 2.15 
B I/2 1/4 1.85 2.15 
B 11/2 I/8 2.67 2.68 
C I/2 I/8 I .  71 2.36 
C 1/2 1/8 1.86 2.36 
C I/2 I/4 1.69 2.15 
C I/2 1/4 1.70 2.15 

* M. M. Frocht, Jour. Appl. Mech., 2, 67 (1935). 

will whiten on the tensile side of the neutral axis, 
but  will usually fail before any whitening is seen 
on the compressive side. Whitening can also re- 
sult from scattering of light from cracks in the hard 
matrix and, in a material with a compressive strength 
significantly higher than its tensile strength, all of the 
above observations can be explained by postulating 
the growth of a network of fine cracks about the 
rubbery particles as the stress level increases. I t  
is felt at  present tha t  both causes of whitening are 
present: void formation predominating in the early 
stages of whitening, and matrix cracking predomi- 
nating near the point where the maximum load is 
reached. 

Measu rements of 
Stress-concentration Factors 

Test samples were made by drilling holes of 
various diameters in necked tensile specimens of 
various widths, all having a thickness of 1/4 in. 
The bars were pulled at a constant crosshead rate, 
corresponding to a strain rate of about 1 percent/  
min, on an Instron machine, and the load at which 
the edge of the hole (at points on the diameter 
transverse to the direction of pull) rather suddenly 
whitened was noted. The average stress in the net 
cross section of the specimen was calculated, and the 
ratio of the stress at  maximum load from Table 1 
(chosen because whitening essentially corresponds 
with reaching maximum load) to this average stress 
was computed; this ratio is listed in Table 2 as the 
stress-concentration factor. 

Discussion and Conclusions 

I t  is clear from the results shown in Table 2 that  
the stress-concentration factors based upon the 
stress-whitening phenomenon are significantly small- 
er than those measured by more accurate methods; 
the exceptional case where agreement is good is 
probably accidental. The principal reason for the 
discrepancy is almost certainly the nonlinearity of 
the stress-strain curve before whitening occurs; it 
is also possible tha t  residual stresses affect the 
results, but  these are probably of much less im- 
portance. As a tool for quantitative evaluation, the 
method cannot be recommended for its accuracy. 
However, in spite of its severe shortcomings, the 
method has three merits: (1) it is extremely simple, 
requiring only a measurement of load in order to 
obtain semiquantitative results (this would seem to 
recommend it for educational purposes). (2) I t  
would appear to be useful in three-dimensional 
problems where~ in many  cases, even an approximate 
result can be obtained by other techniques only with 
considerable effort. (3) I t  differs from photoelastic 
techniques in that  areas of high tensile stresses may 
be approximately defined and in some cases, at 
least, immediately distinguished from areas of high 
shear stress, thus eliminating the need for determin- 
ing the tensile stress from a knowledge of the dif- 
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Fig. 3--Spreading of plastic zone in a tension 
member  (after Nadai) 

b 

Fig. 2--Growth of whitened area around a hole in a tension 
member (experimental  material " A " )  

ferences be tween  p r inc ipa l  s tresses.  T o  i l lu s t r a t e  
th is  l a t t e r  point ,  Fig.  2 shows a p h o t o g r a p h  of  two  
s tages  in t he  g rowth  of  t he  wh i t ened  a rea  a round  a 
1/s-in. r o u n d  hole in a 2-in. wide tens i le  bar .  T h e  
whi tened  a rea  in Fig.  2a resu l t s  f rom the  ac t ion  of  
tensi le  stresses.  As the  s t ress  level  increases,  t he  

whi tened  a rea  increases  and  begins  to  show whi t en ing  
resul t ing  f rom shear  stresses.  I t  is i n t e re s t ing  to  
compare  Fig .  2b wi th  Fig.  3, a ske tch  of  t he  
sp read ing  of  t he  p las t ic  region f rom a hole  in a 
t ens ion  m e m b e r  a f te r  Nada i .*  T h e  con tou r  in t he  
l a t t e r  f igure is one of  m a x i m u m  shear  s t ress  and ,  if 
whi ten ing  occurred  only  as  a resu l t  of  shear ,  one 
would  expec t  t he  edge of  t he  w h i t e n e d  zone in F ig .  
2b to  cor respond  to  t he  con tou r  of  Fig.  3, which  i t  
c lear ly  does  not .  

F ina l ly ,  some m e n t i o n  should  be m a d e  of  t h e  fac t  
t h a t  b r i t t l e  models ,  m a d e  of, say,  p l a s t e r  of  Par is ,  
in m a n y  cases also give s t r e s s -concen t ra t ion  fac tors  
lower t h a n  those  found  b y  theo re t i ca l  or  pho toe l a s t i c  
me thods ,  t T h e  ques t ion  ar ises  as  to  whe the r  t he  
p la s t e r  mode l s  have  some fea tu re  in c o m m o n  wi th  
t he  p o l y m e r  b l ends  which  l eads  to  low s t ress-  
concen t r a t i on  factors .  I t  has  a l r e ady  been  men-  
t ioned  t h a t  t h e  s t ress -whi ten ing  resu l t s  a re  be-  
l i eved  to  be i naccu ra t e  because  of  t he  n o n l i n e a r i t y  
of  t h e  s t r e s s - s t r a i n  re la t ionsh ip .  Moreove r ,  t h e  
p o l y m e r  mode l s  a re  n o t  s t r a ined  to  comple t e  fa i lure ,  
while  t h e  p l a s t e r  mode l s  r e p o r t e d l y  show H o o k e a n  
behav io r  to  t he  fa i lure  point .  I t  appear s ,  the re -  
fore, t h a t  t he  inaccurac ies  of these  two  m e t h o d s  do  
no t  have  a c o m m o n  cause.  

* A .  Nadai ,  Theory of F low and Fracture of Solids, McGraw-Hi l l ,  1950, 
page 291. (The authors are indebted to Charles H .  Parr  of the Redstone 
Arsenal Research Division of the Rohm & Haas  Co. [or mentioning this 
work.) 

Jr M .  Hetenyi ,  Handbook of Experimental  Stress Analys is ,  Wi ley ,  
N e w  York,  1950, Chap. 14. 
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