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Stress relaxation of high impact polystyrene 
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The stress relaxation behaviour of high impact polystyrene has been correlated with the 
microstructural changes observed in tensile tests. The inhomogeneity of plastic deformation, 
manifested as stress whitening, has been measured using microhardness tests. This method 
has been found to be sensitive to the amount of crazing in the material. The stress relaxation 
behaviour changed at the onset of crazing, but did not change appreciably as the volume 
fraction of crazes increased. An analysis of the relaxation in terms of a site population model 
based on White's approach suggests the macroscopic stress relaxation is related to the crazes 
in the boundary regions between the stress whitened and unwhitened material. 

1. I n t r o d u c t i o n  
The detailed understanding of the deformation mech- 
anisms in multiphase materials such as high impact 
polystyrene (HIPS) requires a careful examination of 
the mechanical test itself. In tensile tests, the stress and 
strain are often assumed to be uniformly distributed 
through the gauge length of the specimen. In the 
elastically deformed solid, or for materials which plas- 
tically deform in a homogeneous manner, this is a 
good assumption, and the measured mechanical re- 
sponse (load and the associated displacement) can be 
measured accurately. In solids which are plastically 
inhomogeneous, the interpretation of tensile data 
must be tempered by a careful study of the distribution 
of deformation in the specimen. 

In crystalline polymers such as polyethylene and 
polypropylene, the inhomogeneous nature of plastic 
deformation has been well documented [1-4]. The 
progressive yielding of such materials influences the 
shape of the tensile stress-strain curve and the analysis 
of the stress relaxation experiment. In amorphous 
polymers and in two phase systems such as high 
impact polystyrene, the role of similar inhomogeneous 
deformation is not clearly understood. This work is an 
attempt to illustrate that it is important to take ac- 
count of the inhomogeneity of inelastic deformation in 
interpreting tensile test experiments. 

A considerable amount of published work has de- 
scribed deformation processes in rubber toughened 
polymers I-5-9]. These materials consist of a finely 
dispersed soft phase imbedded in a relatively hard 
matrix. In the case of HIPS, the soft phase consists of 
spherical rubber particles with diameters in the micro- 
meter range. The rubbery particles themselves have an 
internal microstructure which can affect the bulk 
properties of the composite. The properties which 
make these materials interesting in the engineering 
sense include the toughness and impact resistance. 
Such properties are closely related to the local plastic 
properties in the microstructure, which are in turn 
often measured in standard tensile tests. 

It is therefore of some practical use to examine the 
kinetics of deformation mechanisms in these multi- 
phase materials. Kubat and Rigdahl 1-10] have utilized 
stress relaxation experiments extensively in the study 
of a wide variety of polymers, including partially 
crystalline polyethylene, which is essentially a two 
phase (crystalline-amorphous) composite. 

The stress whitened regions in the tensile tested 
HIPS generally appear in series with the unwhitened 
regions. Mechanically, the deformed specimen there- 
fore consists of two phases, A and B, which are series 
coupled (Fig. 1). The total length of the specimen is lT, 
which is partitioned between the whitened region l n 
and the unwhitened region lB. The total strain rate 
measured over the entire specimen is then given by 

IA . 1B 
= + (1)  

In the standard analysis of stress relaxation ex- 
periments in materials, the total specimen strain is a 
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Figure 1 Indentation measurements were made at equally spaced 
positions (1 mm separation) along the specimen before tensile defor- 
mation. For each subsequent strain, the indentations were adjacent 
to corresponding ones from zero strain. 
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sum of the elastic and plastic strains [11], which in this 
case must be partitioned between the A and B phases 

IA lB . 
~T ~--- ~-w (~A,elastic -~ ~A,plastic) -t- /~w (EB, elastic -t- ~B, plastic) 

(2) 

lA lB The ratios ~T = fg and ~ = fB are the volume fractions 

of the two phases since by observation, they are series 
coupled. The elastic strain rate is equal to the stress 
rate of change in each phase, and is of the form 

~(A, elastic) = d t  (3) 

The plastic strain rate can be described as an activated 
rate process, which in this example is approximated as 
a single activated rate process acting in the forward 
direction. In HIPS, for ductile flow, the rate of plastic 
deformation at room temperature is controlled by the 
crazing processes in the polystyrene matrix. The re- 
inforcing phase is rubbery, an~i principally acts as 
nucleating sites for microcrazing. The measured plas- 
tic strain rates, therefore, are due to the rate of craze 
nucleation or to the rate of craze propagation within 
the polystyrene matrix. In both cases, the local stresses 
which drive the microcrazing process are very large, 
m u c h  larger than the nominal applied stresses. The 
reverse plastic deformation rate which is a process of 
craze closing is therefore expected to be extremely 
small or zero. Hence the relaxation kinetics can be 
described by the expression 

1 do-applie d 
- -  (fA~A,plastic -{-fB~B,plastic) , (4) E dt 

where the moduli of the two phases are approximately 
equal (E) and the t e r m s  SA, plastie and SB,plastic a r e  the 
plastic strain rates in the A and B phases. The plastic 
strain rates are result of the mechanisms of deforma- 
tion in each of the two phases. If the rate controlling 
mechanisms are different and unique, with a single 
activation energy in each phase, the plastic strain rate 
for each phase has the form 

~A, plastic = AAexp -- ( HA -- O~AO-*~ ) (s) 

The activation volume is co, the activation barrier is H, 
and the temperature is T, ~c is the Boltzmann's con- 
stant and A is a constant. 

If the deformation mechanisms in the two phases 
are different, there will',be two sets of parameters in 
Equation 4, one for each phase. For  the case in which 
one process has a much faster relaxation rate than the 
other, the faster process will dominate in this series 
coupled solid, and the stress relaxation curve will be 
linear in the o-* versus log(t + C) plot as described 
elsewhere [11]. For the case in which different pro- 
cesses operate simultaneously in the two phases, the 
composite behaviour is not linear when plotted on 
these axes. 

Substituting Equation 5 into Equation 4, the stress 
rate of change in a stress relaxation test of a series 
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coupled partially stress whitened solid becomes 

CA O:t: (1)B (y* do-applied __ E c A -~ 
:dr e x p ~  CB exp ~ - ;  

(6) 

where the coefficients c A and c B are of the form 

- -  H A 
CA = fAAAeXp tea-f-- 

and the term A A is a function of the molecular seg- 
mental mobility [12]. 

The stress (o-* = o-applied - -  O'int . . . .  l) is the effective 
stress, which is the driving force for stress relaxation. It 
is the difference between the applied stress and the 
internal stress in the solid. For a constant internal 

do-* _ dO'applied. For a crazing mechanism, it is stress, dt dt 

likely that this internal stress is small since processes 
analogous to dislocation storage during work harden- 
ing are not likely [-13]. It is interesting to note that the 
experimental measurements in this work indicate that 
the stress whitened regions are softer than the un- 
whitened regions, which is converse to the observa- 
tions in plastically worked metals. 

The reverse deformation process would give the 
sinh function dependence, and is likely to become 
important at higher temperatures, above the glass 
transition temperature for polystyrene [-14]. 

2. Experimental procedure 
The test specimens were prepared from pellets (HIPS 
580) provided by Polysar (T. Doyle). Plate samples 
with approximate dimensions of 51 mm x 64 mm 
x 3.8 mm were compression moulded. The process 

was optimized by controlling the moulding temper- 
ature, pressures and times. The resultant plate was 
uniformly translucent and no defects or inhomogenei- 
ties were detectable either visually or with optical 
microscopy. The uniformity of the mechanical proper- 
ties of the moulded plate was confirmed by micro- 
hardness tests on the pellets and on the compression 
moulded plate. Tensile tests on this material and 
HIPS of different grades were run many times to check 
the uniformity and consistency of the mechanical be- 
haviour of the moulded material. Tensile specimens 
were machined with gauge length dimensions of 
29 mm x 6 m m x  3 mm. One surface was polished with 
0.05 gm alumina (in a water suspension) to produce an 
optically smooth surface. 

The microhardness indentations were made on this 
surface using a Buehler Micromet II with a indenter 
load of 25 g applied for 10 s on a Vickers pyramidal 
indenter. In these tests the indentation diameter (the 
dimension across the diagonal of the nominally square 
indentation) was recorded. The corresponding Vickers 
hardness number was not calculated since there is not 
a large literature with which these numbers can be 
compared. Furthermore, the interpretation of hard- 
ness numbers in the metallurgical literature is in terms 
of the yield stress of the material. For polymers which 
craze, this is not an appropriate interpretation, as 
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Figure2 Tensile stress~train curves for HIPS: (A) standard un- 
interrupted tensile test~ (B) with stress relaxation tests at numbered 
points. 

discussed below. The larger dimensions of the indenta- 
tion therefore correspond to a material with a lower 
resistance to compressive deformation only. 

A series of microhardness indentations was made 
before tensile testing at 1 mm spacing along the gauge 
length of the specimen (Fig. l). The specimen was then 
pulled in tension to a small strain at a strain rate of 2.9 
x 10 -4 s - i  and the specimen allowed to stress relax at 
constant total strain. The specimen was then un- 
loaded, and a second set of microhardness indenta- 
tions made. The position of each indentation in this 
second set was adjacent to a corresponding indenta- 
tion made in the first set (Fig. 1). Subsequent steps 
followed in a similar fashion at progressively larger 
strains. The indentation size which is inversely related 
to the hardness, could then be plotted as a function of 
position along the specimen for each strain. 

The stress relaxation (applied stress as a function of 
time) at each increment during the test was recorded 
for times as large as 105 s, but the tests shown here 
were terminated at 104 s. The relaxation behaviour 
was consistent with earlier work on polymers [1]. 
Since each step in the progressive test involved the 
stress relaxation, the stress-strain curve for this speci- 
men fell below the nominal stress-strain curve for a 
monotonic tensile test (Fig. 2). The relaxation behavi- 
our and the microhardness results were consistent 
with a large number of corresponding measurements 
made on individual specimens tensile tested to a var- 
iety of strains with no intermediate relaxation. 

3.  R e s u l t s  
3.1. M i c r o - i n d e n t a t i o n  m e a s u r e m e n t s  
Indentation tests can be used to characterize the in- 
homogeneity of the mechanical state of polymers 
[ 15, 16]. However the interpretation of micI'ohardness 
measurements is distinct from the normal metallur- 
gical one, and it is important to emphasize the differ- 
ence. In metals, the indentation size is an inverse 

function of the yield stress, independent of the direc- 
tion of applied stress, since the slip process is effect- 
ively independent of pressure. Smaller indentations 
reflect a higher yield stress. This is valid for some 
polymers, provided dilational processes are not signi- 
ficant. 

In amorphous polymers which craze, the yield cri- 
terion, and indeed the mechanism of deformation is 
different for tensile and compressive stresses. In ten- 
sion, the crazes open. Under the indenter, the stress 
state has a large compressive component which acts to 
close the existing crazes. The magnitude of the reverse 
stress necessary to close the craze is smaller than the 
original opening stress, similar to a Bauschinger effect, 
but due, in this case, to the marked assymetry in 
deformation mechanism with applied stress direction. 
The indentation size is then related to the stress neces- 
sary to close pre-existing crazes as well as the local 
shear yield stress of the material. A larger craze density 
is a more porous structure which would result in a 
larger indentation size. 

The average indentation size on the compression 
moulded sheet was 67.2 lain with a standard deviation 
of 0.9. This was statistically similar to the size meas- 
ured on the original pellets, indicating that the mould- 
ing process did not significantly alter the mechanical 
state of the material. The comparison shows that the 
hardness measurement is reproducible and accurate 
for the purposes in these experiments. Subsequent 
reported variations in indentation size were thus stat- 
istically significant. 

With increasing tensile strain, no significant hard- 
ness changes were measured until stress whitening was 
observed at point 6 (Fig. 2), at an applied stress of 
10.7 MPa, which corresponded to a strain of 2.5%, 
before the nominal load maximum. Further tensile 
deformation resulted in increasing volume fractions of 
stress whitened material and a corresponding increase 
in indentation size, as shown in Fig. 3a. The stress 
whitening was observed to initiate near the shoulders 
of the tensile specimen and propagate towards the 
centre of the gauge length (Fig. 3b). The progressive 
change in indentation size along the specimen gauge 
length as a function of applied strain is plotted in 
Fig. 4. The overall increase in softness as well as the 
localized nature of the changes are both clearly seen. 
The position of the indentations along the specimen is 
normalized to the position of the first set of indenta- 
tions (at zero strain). The indentation size continues to 
increase with strain even after the stress whitening 
shows little change. This shows that the craze density 
changes can be detected by changes in indentation 
size. 

The anisotropy of indentation size is reflected in the 
hardness measurements made in both the crazed 
phase (A) and the uncrazed phase (B) (Fig. 5). In this 
plot the y axis is parallel to the tensile axis. The 
indentation size is significantly larger in the y direction 
than in the x direction and the difference increases 
with tensile strain. In the regions which are not crazed, 
the same anisotropic behaviour is observed but the 
indentation size is smaller. The anisotropy increases 
with strain and appears to be a manifestation of 
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In the present work, the indentation test results 
show that the specimen is mechanically inhomogen- 
eous, which must be considered in the stress relaxation 
analysis. 

3.2. Stress relaxation: single activated 
rate analysis 

For a series coupled solid, in which the stress whitened 
regions deform by a single activated rate mechanism 
different from the unwhitened regions, the expected 
behaviour is that described by Equation 6. The simul- 
taneous operation of two different plastic processes in 
the two phases should produce a marked non-linearity 
in the relaxation curves, ~ versus log(t), at long times. 
This is not observed in Fig. 6, as the curves remain 
linear out to times greater than 104 s. This linear 
behaviour was seen at all tenSile strains, for different 
volume fractions of stress whitened material. The op- 
eration of a deformation process acting in the reverse 
direction, which should appear as a sinh function 
dependence, also does not match the observed experi- 
mental response. It should be noted that while the 
specimen is becoming "softer" (Fig. 4), the stress re- 
laxation rates do not change appreciably after the load 
maximum is exceeded. 

The overall shape of the stress relaxation curves is 
consistent with a single activated rate process acting in 
the forward direction. The non-linearity in the plotted 
relaxation curves (Fig. 6) at small times is related to 
the constant, C, which appears in the standard ana- 
lysis for stress plotted as function of log(t + C) [11]. 
In the analysis, the constant is given by 

~:T exp (7) 
C - AEco ~:T J 

Figure 3 (a) Indentation size as a function of normalized position 
along specimen. The numbers refer to the points on the stress-strain 
curve (B) in Fig. 2. The stress whitened regions are "softer" (larger 
indentation size), as can be seen in Fig. 3b; (b) the development of 
stress whitening with increasing strain. The gauge length is lighted 
from the back so the darker regions are those with more stress 
whitening. The numbers refer to Fig. 2. 

the closure of crazed material under the compressive 
stresses near the indentation. 

There is a significant decrease in indentation size 
after fracture, seen in the last points on the curves in 
Fig. 5 (close to 60% strain), the plastic anisotropy 
disappears. 
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which can be measured from the plots of Fig. 6 at 
small t [17]. The activation volume, c0, was calculated 
from the slopes ( - (~:T/co)) of the curves. Both ~0 and 
the constant, C, were plotted as a function of tensile 
strain in Figs 7 and 8. 

It is interesting to note that the activation volume 
changes sharply at a particular strain, and the con- 
stant C changes simultaneously to this, consistent with 
the above analysis which assumes a single activated 
rate process is dominant. 

The stress whitened volume fraction as measured by 
optical translucency of the specimen, is also plotted as 
function of strain in Fig. 9. Comparing these plots 
with the tensile stress-strain curve (Fig. 2), it is ob- 
served that there is a sharp change in activation 
volume, which is a result of the sharp change in stress 
relaxation rate at strains considerably below the posi- 
tion of the load maximum in the stress-strain curve. 
This strain region is also associated with the onset of 
stress whitening. However the stress whitened volume 
fraction increases smoothly and continuously up to 
strains near 15%, then more slowly at higher strains, 
while the measured activation volume does not 
change significantly over much of this strain range. 
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Figure 4 The progressive increase in "softness" of the 
specimen with increasing strain. The regions in which 
stress whitening initiates, as observed in Fig. 3b, are 
near positions 9 and 35. The final fracture occurs at 
position 9. The load maximum in the tensile 
stress-strain curve is at a strain of 4%. 
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Figure 5 Anisotropy of indentation size in regions of stress white- 
ning (A) and in non-whitened regions (B). The y direction is parallel 
to the tensile axis. The indentation size increases with strain in both 
phases. The last points on the curves (near 60% strain), are taken 
after fracture and show the disappearance of the anistropy and the 
slight but reproducible drop in indentation size 
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Figure 6 Stress relaxation curves. The numbers refer to the points 
on the stress-strain curve (B) in Fig. 2. The relaxation rate increases 
with increasing strain until the load maximum in the stress-strain 
curve is reached at (7). Subsequent relaxations (from 8 to 12) are 
similar to each other and overlap (8). 
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The  single ac t iva ted  rate  ana lys i s  is therefore  a 
useful m o d e l  to descr ibe  some  aspects  of stress re laxa-  

t ion  in  H I P S .  H o w e v e r  a fur ther  e x a m i n a t i o n  of  the 

m i c r o s t r u c t u r a l  o b s e r v a t i o n s  suggests  such a s imple  
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4 .  D i s c u s s i o n  
4.1. Stress re laxa t ion :  c raz ing  and the s i te 

mode l  ana lys is  
A l t h o u g h  the  shape  of  the i nd iv idua l  stress r e l axa t ion  
curves  is cons i s t en t  wi th  a s ingle ac t iva ted  rate  p ro -  
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Figure 7 Activation volume as a function of strain. 
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Figure 9 Cavitated volume fraction as a function of strain. Meas- 
ured from the volume fraction of stress whitened material (Fig. 3b). 

relaxation of many polymers follows the function (us- 
ing the notation of [10]) 

do  
- 0.1 o~ (8) 

d ln(t)max 

w h e r e  o ~  ~ -  cy  0 - O ' i n t e r n a l  

do 
From Fig. 10, in which ~ is plotted as a function 

of 00, the internal stress, Oin t . . . .  1, is 2.3 MPa. 
The assumption of a single activated rate process 

being responsible for the stress relaxation process 
gives 

coo* = 10~T (9) 

A comparison of the curve calculated from Equa- 
tion 9 compared with the data measured in the tests is 
shown in Fig. 11. The functional dependence is similar 
although there is a systematic discrepancy between the 
two. Their interpretation of such a fit was that the 
fundamental significance of the single activated rate 
process analysis, which is described in the previous 
section, was questionable since the fundamental as- 
sumption that co was independent of stress was invalid. 

The anomaly has been addressed by White in terms 
of a theory in which the site population distribution is 
taken into consideration, following Ward's  descrip- 
tion [12]. The model consists of two sites (labelled 1 
and 2 in Equation 10) with an activation barrier 
between the two. The rate of transition from one side 
of the barrier to the other depends on the number of 
movable entities, and the transition probability per 
entity. The transition probability depends in turn on 
the activation barrier height. 

dN2 
- -  N2~21 + N1c012 

dt 
dN1 (10) 

-- NlfDi2 + N2s 
dt 

where N1 and N2 are the number of sites occupied in 

2.0 

"~1.5 

c- 
O 

1.o 

E 
E 0.5 ".R 
~P 
z; 

0.0 

:/ 
/ 

I I I I 
5 10 15 20 

Stress at start of relaxation (MPa) 

Figure 10 Slope of the stress relaxation curve as a function of 
applied stress at the start of the relaxation test. Following Equation 
8 in the text. 

5870 

20 

~ ' 15  
E 
f -  

E 
- ~ o  

3 
< 

5- 

0 I I I 
0 5 110 15 20 

Stress (MPa) 

Figure 11 Activation volume as a function of stress. The experi- 
mental data are compared to Equation 9. 



states 1 and 2, and terms such as m 12 are the probabil- 
ities for transitions from state 1 to 2. 

Each entity can be molecular segment or mobile 
entity which upon moving contributes to the plastic 
strain, depending on the molecular mechanisms in- 
volved. The change in site population, or the change in 
number of entities on one side of the barrier, causes a 
change in plastic strain. Ward assumes that the change 
in site population is directly proportional to the 
change in strain and that the total number of occupied 
sites is constant (N1 + N 2  = constant). 

In this model, the plastic strain rate is thus propor- 
tional to the site population density times the trans- 
ition rate per entity. The transition probability re- 
mains constant, hence the plastic strain rate is propor- 
tional to the site population. The stress relaxation rate 
is given by White as 

dcy 
- -  C s t ( ( Y ~  - -  (Yint . . . .  1) (11)  

dln(t)  

where C S is a linear function of the site population 
[~8-203. 

The prediction of such a model applied to stress 

relaxation testsis that the plot of~(ddl~( t ) )  versus cy 

should be linear with an intercept equal to the internal 
stress. As the stress decreases, the number of sites 
decreases and the plastic strain rate decreases to zero. 
Fig. 12 shows this plot for HIPS is strongly non-linear 
and is different from White's observations for acrylic 
sheet [20]. The curvature is very pronounced for 
HIPS at small values of the dependent variable. 

This marked non-linearity in Fig. 12 is found at 
large values of t, or late in the relaxation curves, and is 
a manifestation of the stress relaxation rate not de- 
creasing to zero, as predicted by a site model. The 
microstructural origins for this kind of behaviour can 
be inferred from an examination of the crazing mech- 
anism in a relaxation test. 
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Figure 12 Plots to compare the site population model predictions 
from [20]. 

4.2, Crazing and stress relaxation 
Crazing at rubbery inclusions is the principle inelastic 
deformation mechanism in HIPS. In a stress relaxa- 
tion test, the total applied strain is constant, and the 
elastic strain is converted to plastic strain (Equation 
4). In terms of the site population model, the craze 
opening corresponds to the movement from site to the 
next (1 to 2 in Equation 10). The relaxation rate then 
depends on the number of crazes (sites) which contrib- 
ute to the plastic strain. If this number of crazes 
decreases with time, the stress relaxation rate de- 
creases with time, and approaches zero at long times. 

It is plausible that as a given craze extends, it will 
slow down and stop, so the number of extending 
crazes might decrease with time, consistent with a 
simple site population model. A micromechanical ra- 
tionale can be found by comparing a craze to a crack 
in a solid. The driving force for craze propagation 
comes from the elastic strain energy stored in the 
material surrounding the craze. As the craze extends, 
the elastic strain field relaxes and the driving force 
decreases. If the driving force decreases fast enough, 
the craze stops. 

The simple application of the site population model 
clearly does not fit the experimental observations. The 
non-linearity in Fig. 12 suggests the number of crazes 
which are slowly extending does not decrease as rap- 
idly as predicted by the model. In addition, if each 
craze corresponded to a site for deformation during 
stress relaxation, the relaxation rate should increase 
with the number of crazes. This is not observed. The 
relaxation rate (Fig. 6) is almost independent of tensile 
strain after the load maximum (point 8, at a strain of 
7%, in Fig. 2), whereas the volume fraction of crazes 
increases markedly after this point (Figs 3, 4 and 9). 

A micromechanical explanation for this can be 
found by considering the volume of elastically loaded 
material which drives each craze to extend. Consider 
first a craze in the centre of a stress whitened region. 
The typical distance between rubber particles is ap- 
proximately 1-5 p.m. The volume of local elastically 
strained material which unloads into a propagating 
craze is approximately an elemental cube with an edge 
dimension equal to the inter-particle spacing (1-5 ~tm). 
It can be shown that the maximum extension of a 
typical craze due the associated elastic strain energy 
(fixed in a stress relaxation test) is extremely small, of 
the order of 5 20 nm. Such crazes or sites, if they were 
a significant part of the stress relaxation process, 
would start and rapidly stop, consistent with a simple 
site population model. The relaxation rate would 
moreover be proportional to the volume fraction of 
stress whitened material. Both predictions contradict 
the observations mentioned previously. The crazes 
which continue to contribute to the plastic strain at 
long times must be driven by volumes of elastically 
loaded material which are larger than the typical 
volumes surrounding crazes imbedded in the stress 
whitened regions. 

A simple analogy is found by considering Luders 
band propagation in steel. The plastic deformation 
process involves the slow growth of the plastic volume 
into the elastic volume. In the case of tensile testing of 
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HIPS, the stress whitened regions grow slowly into the 
unwhitened regions during tensile testing. When the 
crosshead of the tensile testing machine is stopped, the 
crazes at the boundaries between the whitened and 
unwhitened regions extend for long times, driven by 
the elastic strain energy stored in the relatively large 
volumes of the unwhitened regions. This would be 
consistent with the sharp increase in relaxation rate 
associated with the initiation of stress whitening, and 
with the subsequent insensitivity of relaxation rate to 
the volume fraction of stress whitened material. 

5. Conclusions 
Stress relaxation in HIPS is complicated by the in- 
homogeneity of the plastic deformation. The tensile 
test produces stress whitening in the specimen which 
initiates in localized regions at stresses near the load 
maximum. These regions increase in volume fraction 
progressively until fracture at strains greater than 
50%. The kinetics of the stress relaxation behaviour 
do not fit a simple single activated rate process ana- 
lysis, but show that the number of crazes contributing 
to the stress relaxation does not diminish as rapidly as 
expected from a site population analysis. The relaxa- 
tion rates are not a sensitive function of the volume 
fraction of stress whitened material, and the observed 
kinetics of the stress relaxation process are most con- 
sistent with craze opening processes in the boundaries 
between the stress whitened and non-whitened 
regions. 
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