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Abstract. Investigations of the mechanical, properties of unirradiated and irradiated
plexiglass of various types have been carried out when tested for the flat straight bend.
Exposure to temperature and radiation significantly affects the properties of the material.
As a result of the research, the dependences of deformation on stress, length, and width
of the specimens were obtained. The experimental curves are satisfactorily described by a
linear model.
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1. Introduction

Thermoplastic materials are now widely used by both the academic research community and
industrial sectors due to their good physical, mechanical, thermal, and optical characteristics
[1-3]. Polymer materials have several advantages over traditional products. For example, they
have excellent dielectric properties, ease of use, lightness, and simplicity of manufacturing
methods. Among other things, polymers have improved thermal and mechanical properties.
The automotive industry has recently been focusing on polymer-based composites instead of
conventional steel products. They have high rigidity and a large pressure rate than metals, the
strength of which additionally depends also on the geometry and shape [4,5]. Polyethylene,
polyimide, polyethylene terephthalate, polytetrafluoroethylene, polymethylmetacrylate
(plexiglass), epoxy resin, etc. are used in laboratory research as well-known homogeneous
model materials for experiments. In particular, they are employed in systems whose
mechanical properties are critical to aircraft designers and engineers [6]. These materials also
find application as candidate ones, where loading with a high deformation rate is likely in
many structures [7]. The mechanical properties of composites can change at high strain rates
and after irradiation with high—energy particles [8-10]. Such materials will also vary their
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properties with an increase in load. This makes it obligatory to take into account changes in
the design and operation of structures operating in harsh conditions [11,12]. There are very
few studies on the effects of temperature, irradiation, and mechanical load on polymer
properties when tested in tension, compression, shear, bending and etc. This work is devoted
to the comprehensive study of various types of unirradiated and irradiated plexiglass when
tested for a flat straight bend.

2. Research methods

Two types of smooth and corrugated plexiglass (pyramids and stripes) were taken as the
materials under study. Specimens of smooth plexiglass had thickness (h) of 1 mm and a
width (b) of 5 and 10 mm and different working lengths (L) — 20, 30, 40, 50, 60, and 70 mm.
For corrugated specimens, plexiglass thickness was 3 mm in the corrugations of the convex
portion, the width — 5 mm, and length — 40 mm. The experiment was carried out at
temperature of 20, 25, and 50°C. The relative humidity of the room was 50 %. Electron
irradiation of corrugated plexiglass samples was carried out on an ELA-6 linear accelerator
with an energy of 2 MeV in air. The radiation dose was 100 kGy. The thickness of the
specimens was measured along the entire perimeter with a micrometer.

The experiments were carried out on a testing machine providing a uniform velocity
v = 0.4 mm/s of the relative movement of the loading tip and supports, allowing
measurements of the load with an error of = 1%, and the deflection with an error of £ 2%. The
impact took place at a constant rate. The specimens were loaded with one concentrated force
applied in the middle of the specimen between the supports [13,14].

Bl (bursting installation)-50 tensile testing machine was used for bending tests under
various load conditions. It is the setup consisting of a loading device, a control panel, and rods
connecting the loading device with a control panel. On the bottom of the device were a force
sensor, a temperature chamber, and various supports. The test was carried out at an AC
frequency of 9 Hz. Changing the frequency helps to control the speed of the loading
crosshead of the installation.

3. Results and discussion

The dependences of deformation on stress, obtained for testing samples of smooth plexiglass
of various sizes under flat straight bend, are shown in Figures 1 and 2. The figured points
present the experimental results, and the lines display the calculation data. The physical and
mechanical properties are displayed as functions ¢ (o), because the dependence of ¢ on ¢ is
incorrect, since o is an argument, and ¢ is a function.

Figures 1 and 2 show that the dependence of deformation on stress is adequately
described by a linear model for all sizes. Moreover, the maximum deformation of the
specimens, depending on the sample length and the stress, varies in the range of 35 - 60%.

Figure 3 demonstrates the dependence of deformation on stress for unirradiated and
irradiated specimens of corrugated plexiglass, in which plane bending occurs with and
without taking into account the horizontal component (Fig. 3 a and b).

According to the results, when the stress increases, the relative elongation of the
corrugated plexiglass specimens (both unirradiated and irradiated) grows by virtue of linear
law. Furthermore, the striped-corrugated material has greater strength and a relative
elongation than the pyramid-corrugated material. It can be seen that smooth plexiglass by
mechanical properties is much better than corrugated (Figs. 1-4). Moreover, its strength
properties are more than 5 times higher than those of corrugated plexiglass. After exposure to
a dose of 100 kGy, the corrugated plexiglass specimens lose their plasticity by 20 and 40 %
respectively compared to the unirradiated materials. The changes in the strength of materials
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after irradiation are insignificant. Visual analysis displays that the light transmittance
(transparency) declines, while the specimens are painted brown.
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Fig. 1. Dependence of strain on stress for unirradiated specimens of smooth plexiglass 5 mm
wide and different lengths at 20°C (room) temperature
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Fig. 2. Dependence of strain on stress for unirradiated specimens of smooth plexiglass 10 mm
wide and different lengths at 20°C (room) temperature

The experimental data are described with good precision by a linear model, for both
smooth and corrugated plexiglass of two types [15]
e=ko
where k is the slope tangent. For unirradiated striped-corrugated glass k=0.14 and for
pyramid-corrugated glass 0.2%/MPa. For irradiated materials k=0.1 and 0,13%/MPa,
respectively. Figure shows that k ranges in the interval from 0.2 to 1.2%/MPa. In addition, it
is the coefficient that is inverse to the modulus of elasticity, that is k=1/E.

Figure 4 illustrates the relationships between strain and stress for the plexiglass (PMMA)
specimens 5 and 10 mm wide at a temperature of 25°C. It can be seen that the curves are
consistent with linear model calculations. As the width of the specimens rises, the
deformation reduces. Strength characteristics also undergo considerable changes.
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Fig. 3. Dependence of strain on stress for unirradiated (1, 2) and electron irradiated (3, 4)
specimens of striped — corrugated (a) and pyramid — corrugated (b) plexiglass, with plane
bending, the horizontal component is taken into account (squares and asterisks) and without
taking into account (points and triangles)
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Fig. 4. Dependence of deformation on stress for the plexiglass smooth specimens of 5 mm

wide (left) and 10 mm (right) for bending at a temperature of 25°C

Figure 5 presents the dependence of deformation on stress for the plexiglass smooth
specimens 5 and 10 mm wide in a temperature heating chamber. The device maintained a
constant temperature of 50°C. With a further increase in temperature, the specimens begin to
bend without load, which makes analyzing the material behavior difficult. It can be seen from
the figures that a long sample has a greater deflection (regardless of the temperature) than a
short one and breaks at a lower value of mechanical stress. With increasing the temperature,
in the range of 20-50 degrees, the deformation increases by 20% for all the sizes of the
material, and the strength characteristics deteriorate by 10-30%.
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Fig. 5. Dependence of deformation on stress for the plexiglass smooth specimens of 5 mm

wide (left) and 10 mm (right) for bending at a temperature of 50°C

4. Conclusions

1. The experiments on the dependence of deformation on stress during flat straight
bending testing of unirradiated and irradiated plexiglass specimens of various types in a
temperature chamber have been carried out. It was found that the maximum deformation of
specimens of different sizes varies in the range of 50-60%, depending on the stress, length,
and width of the material.

2. It has been established that electron irradiation leads to a noticeable change in the
deformation-strength characteristics of the material, manifested in a decrease in plasticity.
The relative elongation of striped plexiglass after irradiation changes by 20%, and that of
pyramidal — by 40%. At the same time, there is practically no change in strength.

3. With an increase in the temperature of the test specimen in the range of 20-50 degrees,
an increase in deformation characteristics by 20% is observed for all sizes of the material, and
the strength characteristics deteriorate by 10-30%.

4. The obtained curves of the dependence of € on o are satisfactorily described within the
framework of a linear model.
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