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FATIGUE FRACTURE IN A RUBBER-TOUGHENED GLASSY POLYMER

M. Rink*, D. Imbrighi*, L. Castellani**, A. Pavan*

The fatigue behaviour of a series of rubber-modified glassy
polymers made of a styrene-acrylonitrile copolymer modified
with different amounts of an olefin rubber was investigated.
Tests were performed on sharply notched samples, and both
stages of fatigue lifetime, i.e. crack initiation and crack
propagation, were examined. The most interesting result
appears to be that, for a given applied stress intensity factor
range, at least under the conditions adopted in this work,
fatigue lifetime increases with rubber content up to a certain
content, after which a decrease in lifetime is observed.

INTRODUCTION

It has often been recalled (1,2,3,4) that the effect of the rubber modification
of glassy polymers on fatigue fracture is not always staightforward.
Furthermore, material optimization for fatigue fracture is not necessarily in
agreement with that for other fracture properties; caution must thus be used
to ensure adeguate fatigue performance for these materials. Different effects
of rubber modification on the two stages of fatigue failure (crack initiation
and crack propagation) have been suggested on the grounds of the
inconsistent results obtained in tests on unnotched specimens, where the
initiation stage is predominant, as compared with those obtained on notched
specimens. In this paper we present some results on fatigue failure in notched
specimens of a series of rubber-modified materials with varying dispersed-
phase content. Both stages of fatigue failure have been considered, and the
influence of rubber content on fatigue lifetime has been analyzed.
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MATERIALS

An olefin rubber modified styrene acrylonitrile copolymer (AES), produced
by Montedipe through a continuous bulk polymerization process, was used
for this work. Base material, AES-40, consists of a continuous styrene-
acrylonitrile (SAN) phase, in which approximately spherical rubber-phase
particles are dispersed. The characteristics of the experimental samples are
shown in Table 1. Samples AES-5S to AES-25, with different amounts of
rubber-phase, were prepared by extrusion-blending the base material with
suitable amounts of a SAN copolymer (named AES-0), whose molecular
weight distribution was chosen to match that of the matrix of the base sample.
A commercial grade sample, AES-B27, having different SAN molecular
weight distribution (MWD) and different dispersed particle size distribution

from the AES-5 - AES-40 series materials, was also investigated.

TABLE 1 - Characteristics of samples examined (Mw and Mn = weight
average and number average molecular weights respectively).
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RUBBER SAN MATRIX
SAMPLE CONTENT
(Weigth %) Mw) (Mw/Mn)
AES-0 0 95600 1.726
AES-5 5.8 92700 1.748
AES-15 15 92800 1.757
AES-25 24.1 89140 1.745
AES-40 39.4 91520 1.735
AES-B27 27.3 84500 1.700
EXPERIMENTAL DETAILS
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geometry adopted:
P ( (wwp)| "
K= VB Y(a/W) va Y@W) = oni 101 0.66 + 0.74 (a/W

in which P is the applied load, W and B are specimen width and thickness
respectively, and a is the crack length,

Crack growth was monitored by means of a videorecording system. Both
Stages, crack initiation (FCI) and crack propagation (FCP), were considered:
the number of cycles to initiate crack propagation and fatigue lifetime were
related to the applied stress intensity factor range, AK, and plots of crack
growth rate, da/dN, vs. AK were made to characterize FCP when continuous
crack growth was observed .

On sample AES-B27, preliminary tests at 1 Hz, varying notch length, stress
and displacement amplitude, and maximum to minimum stress ratio, R, were

(lines are averages of all the tests performed). It is to be noticed that:

i) Although notched samples were adopted a large part of fatigue lifetime
is due to crack initiation.

ii) While crack initiation does not seem to be influenced by the control
mode (Figure 1a), the propagation stage shows a clear difference
between the two modes (Figure 1b).

iii) A positive frequency sensitivity factor (fsf) is observed both in load and
displacement control: FCP decreases upon increasing frequency from 1

to 10 Hz (Figure 2).
From these results it may be thought that in sample AES-B27 only localized
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depends (5) on AK? , is similar for both control modes. When the crack
begins to propagate, hysteretic heating proceeds differently: the rate of
temperature increase with crack length, dT/da, is related (5) to the K-
gradient, dK/da,which is dependent on the control mode.

Samples AES-0 - AES-40 - Fatigue tests on the series of materials with
varying rubber content (AES-0 - AES-40) showed discontinuous FCP. Thus
da/dN vs. AK plots had no significance and only diagrams of applied AK vs.
cycles to initiate fracture and cycles to failure are reported (Figures 3a and 3b
respectively). From these it can be observed that:

i) Time to failure is practically entirely due to the initiation process for the
neat SAN resin and for the two AES samples with 5% and15% dispersed
phase; for the samples with rubber contents of 25% and 40%, FCI still
covers a substantial portion of fatigue lifetime.

ii) Regarding the effect of dispersed phase content, it appears that fatigue
lifetime is maximum for a certain rubber amount; in fact, for a given
applied stress intensity factor range, AK, fatigue lifetime increases with
rubber content up to a certain content (25% for the series examined),
after which a decrease in lifetime is observed. This behaviour can again
be thought of as an effect of different hysteretic heating (6): rubber
toughened materials generally have a higher level of viscoelastic
damping, and thus higher hysteretic heating, compared with that of the
unmodified matrix. In notched samples up to a certain rubber content,
heating is probably only localized, as results in sample AES-B27 seem to
show, and this effect appears beneficial, as already observed by other
authors (5); when rubber content exceeds a certain level, heating may
become more generalized and crack propagation may be enhanced (5).

A final observation on these results comes from comparison between the
behaviour of samples AES-B27 and AES-25. These two samples, which have
practically the same rubber content, differ in molecular weight, molecular
weight distribution, and dispersed particle size distribution. Although their
total fatigue lifetime did not differ substantially, sample AES-B27 showed
continuous FCP, while sample AES-25 displayed discontinuous FCP. This
different crack propagation mode could be due to the different MWD
between the two samples, since it has previously been shown that the existence
of discontinuous growth bands appears to depend strongly on molecular
weight and MWD (2,6)
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Figure 1. Number of cycles (a) to crack initiation, and (b) for crack
propagation in sample AES-B27 in respect of a range of applied AK.
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Figure 2. Fatigue crack growth data for sample AES-B27. Lines are averages
of numerous tests.
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Figure 3. Effect of rubber content on number of cycles (a) to crack initiation,
and (b) to failure for a range of applied AK.
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