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In industrial sectors such as: aeronautics, automotive or general mechanical
industries, etc. Mechanical components are subjected to several types of
stresses: thermal, chemical, mechanical and cyclical. These constraints cause
a progressive degradation of the characteristics of the material, leading to a
sudden rupture. For this purpose we have studied the mechanical behavior of
an amorphous polymer, Acrylonitrile Butadiene Styrene (ABS), thought
uniaxial tensile testing on pierced test pieces and with different notch lengths
ranging from 1 to 14 mm. The proposed approach consists in analyzing the
evolution of the global geometry of the strain curves obtained by considering
the zones and the characteristic points of these curves and also taking into
account the effect of the damage on the mechanical behavior of the polymers
namely the ABS.
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Introduction:

Amorphous polymers require a great interest due to
their importance in the industrial applications. This
importance is reflected in numerous works concerning

their mechanical responses [4].

However, if one considers only their mechanical

because of its properties: good heat resistance, high
impact of strength and rigidity, dimensional stability
and decorative ability [6]. The combination of the three
monomers which constitute it of chemical nature and
different physical properties makes it possible to have a
material of interest with good performances [3].

It is the preferred material for rapid prototyping,

properties, their behavior is complex and constitutes a
major obstacle, as the potential users encounter
difficulties in taking account of them during the sizing
and optimization stages. This difficulty is related to the
particular structure of the amorphous polymers [3]. The
disordered nature of macromolecular chains makes it
difficult to understand the mechanisms of deformation
and damage on a microscopic scale. Nevertheless,
plasturgists must provide answers about the durability
of their products under certain conditions of
solicitation.

Acrylonitrile  Butadiene Styrene (ABS) has
undergone a considerable industrial development
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molded parts for the manufacture of household
appliances, toys, automotive parts and computer
hardware. Rapid prototyping integrates three essential
notions: time, cost and complexity of forms [2].

Therefore, in this work we focus on studying the
mechanical behavior of the ABS subjected to a uniaxial
loading such as tensile, in the first stage we carried out
an experimental study to analyze the evolution of the
overall geometry of the stress-strain curves of the ABS
pierced test pieces with different notch lengths ranging
between 1 to 14mm.
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Experimentation:

In this study, we will endeavor to describe the ABS
polymer, the morphology of the test piece as well as the
experimental technique allowing the measurement of
the stresses-deformations during the mechanical stress.

a) The Acrylonitrile Butadiene Styrene

The polymer used in this study is Acrylonitrile
Butadiene Styrene (ABS), it is an amorphous polymer
produced by emulsion or bulk polymerization of
acrylonitrile and styrene in the presence of
polybutadiene.

ABS is generally defined by three main properties:
impact resistance, hardness and heat resistance.
b) Operational method

The experiment consists in subjecting pierced test
pieces with a hole of diameter @ = 3mm and simply
notched in ABS with different length of notches to
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Fig. 1: pierced ABS test piece of 3mm diameter
prepared according to ASTM D5766M [1]

Dispositif experimental

The tensile testing of ABS are carried out on a
universal tensile machine “Zwick Roell” with a
maximum load capacity of 2.5 KN (fig 2), which
allowed us to obtain a higher precision in our testing,
given the nature of the test material, and the geometry
of the test pieces which have a small thickness. The
tests were performed at a uniform speed of 1 mm / min
with a controlled movement.

Fig. 2: Universal tensile machine “Zwick Roell”
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Results and discussions:

The following curves (figure 3) are showing the
variation of stresses as a function of the deformations
for the perforated ABS test pieces of 3mm diameter,
with different notch lengths ranging from 1 to 14 mm.
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Fig. 3: Tensile stress-strain curve of notched test pieces

The evolution of the curve gives an increasing and
then decreasing appearance with an apparent
discrepancy between the different values as a function
of the length of the notch. By comparing the results of
the blank versus damaged curves, we have a decrease in
viscoelasticity when the notch length increases. These
results show that the material stress increases (the size
of defects increase), the viscoelasticity decreases and
the material tends to become fragile.

Loss of ultimate residual stress in static traction for
damaged test pieces.

By analogy with the behavior of the material
subjected to a static test, the material (polymer) has an
ultimate stress (o,) for virgin test piece; this stress
gradually decreases with the length of notch until the
rupture of the damaged test piece.

Figure 4 shows the residual ultimate stress loss
(rupture stress for the 3 mm diameter pierced test pieces
with different notch lengths ranging from 1 to 14 mm)
as a function of the B-life fraction; the fraction of life is
calculated from the length of the defect on the width of
the test piece.

Loss of the ultime residual stress aur = f(B)
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Fig. 4: Evolution of the ultimate residual stress as a
function of life fraction, for pierced and simply notched
test pieces
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The curve represents the variation of the ultimate
stress as a function of the life fraction B, a decrease in
the stress is observed as the defect length increases.

Loss of dimensionless stress in static traction

In order to normalize the residual stress, the ratio
(oy/oy) was examined (residual ultimate residual stress)
as a function of life fraction (B), as shown in figure 5,
for pierced and simply notched from 1 to 14 mm.

loss of the residual stress non-dimensional our/ou = f(B)
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Fig. 5: The loss of static non-dimensional strain stress
for punched and simply notched (1 to 14 mm)

It is shown from this curve that the residual
ultimate stress decreases progressively as a function of
the fraction of life.

Conclusion:

This research is based on experimental tests that
allowed making static tests on the Acrylonitrile
Butadiene Styrene (ABS).
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In the first place, a series of tests was carried out
on rectangular standardized pierced test pieces and
simply notched from 1 to 14 mm. The aim of this stage
was to characterize the material, in order to study the
behavior of the ABS polymer.

In damage tests, the influence of the length of the
defect was evaluated and demonstrated by experimental
results standardized as a function of the ultimate
residual stress.

That ultimate residual stress gradually decreases
with the length of the notch until the rupture of the
damaged test piece.
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