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Mechanical Properties of Composites Reinforced with Textile
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Abstract. The needs of environmental protection led to the introduction of composites based on the use
of plastics reinforced with biodegradable materials or other easily accessible materials. The overall
purpose of the research was to experimentally investigate the possibilities of using some accessible
reinforcement materials. Textile based on plants fibers and glass fibers were used as reinforcement
materials, while the matrix was a polymer type material. An empirical mathematical model was
proposed to highlight the effect of the number of glass fiber reinforcements on the tensile strength. The
determined mathematical empirical model and graphical representations highlight how the number of
glass fiber reinforcements affects the modulus of elasticity of the composite materials.
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1.Introduction

The composite materials include metallic or nonmetallic materials mass reinforced with elements
that are able to offer improved properties to the part made of such material. A distinct interface could be
observed between the distinct constituents on a macroscale. The components of the composite material
maintain their identity at least of microscopic level, but as an assembly, the composite material is
characterized by certain properties that are not met in the case of each component material [1-3].

Taking into consideration the material used as a matrix, one could classify the composite materials
in composites with polymer matrix, with a metallic matrix, with ceramic matrix and composites “carbon-
carbon” [4].

The composite with polymer matrix uses termorigid or thermoplastic resins and they could be
reinforced with fibers of glass, carbon, boron, Kevlar, metallic materials, ceramic monocrystals [5, 6],
etc.

One of the application fields where the composite materials could be preferred is the field of
equipment intended to use the so-called regenerable energy resources. An regenerable energy is the
eolian energy. Essential components of the eolian equipment that are performed sometimes of composite
material are the wind blades [7- 9]. These wind blades must be made of materials characterized by a low
weight, but also by high mechanical resistance.

In the last decades, due to the requests of environment protection, the problem of using composite
materials with reinforcement of biodegradable materials or materials that are easily recycled or easily
accessible was considered and such materials could be certain textile materials based on the use of plants
or glass fibers.

Ample research concerning the investigation of the manufacturing techniques applied in the case
of lightweight epoxy composites was developed by L. Boccarusso [10]. His research was focused on the
use of reinforcement made of hemp and also on the improvement of the composite materials flame
resistance.
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Lomov and Verpoest considered that by the control of the textile structure, there is the possibility of
optimal placing of the fiber and net-shape preforms could be thus produced [11]. They showed that
certain mechanical properties of the textile composites are more convenient by the interlacing of the
yarns in the reinforcements.

To obtain a better prediction of the reinforcement deformation in the textile composite, Wang took
into consideration the analysis by means of two distinct modes of testing and modeling: longitudinal
compression mode, and transverse extension mode, respectively [12]. He measured the parameters of
the mesoscale models by mechanical experiments and verified the simulation models using a
tomography methodology.

Hamidi et al. used silk as a natural reinforcement in the case of silk/epoxy composite laminates [13].
They considered that the application of an external pressure after the resin infusion led to an
improvement of the silk/epoxy interface and thus to better behavior of the composite material to the
mechanical efforts.

Boboc investigated the elastic properties of a laminate composite material reinforced with fabrics
when the elastic properties of laminas are known [14]. Another research objective was the analysis of
the mechanical properties of the laminas when they are affected by cyclical mechanical efforts. The
researcher has justified the better behavior of the materials after the cyclical efforts by the intense micro-
fracturing of the matrix as a consequence of applying such type of efforts.

In order to obtain additional information concerning the possible use of some common and easily
accessible materials as reinforcement materials when including polymer type matrix, experimental
testing was designed and performed; the results of this research are analyzed in the present paper.

2.Materials and methods

To investigate the possibilities of using a wind blade made of a polymer composite that could be
performed of easily accessible materials, the decision was to use a polymer that could be obtained of
two liquid components whose mixing could determine the solidification process in a short time. As
reinforcing materials, one took into consideration using of woven materials including commercial silk,
jute, and glass fibers (Figure 1).

Figure 1. Aspect of the
glass fabric used as
reinforcing materials

Let us consider a composite material specimen as it is taken into consideration in the case of the
tensile test. A generic cylindrical fiber surrounded by the matrix material could be considered. The
assumption that in the considered case the fiber is placed along the specimen longitudinal axis was
adopted (Figure 2, b).

Usually, the tensile strength of the reinforcing material is higher than the tensile strength of the matrix
material. This means that the specimen could prove a tensile strength lower than the reinforcing material
tensile strength, but higher than the matrix material tensile strength.

During the tensile test, due to the higher plasticity of the polymer matrix material, it is expected that
for low values of the tensile effort, both the matrix material and reinforcement material will be affected
by an elongation process. When the tensile effort becomes higher, there will be a moment when the
matrix material will detach from the contact with the fiber type reinforcement material, while the fiber
continues its elastic deformation.
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(b) during the tensile test
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When the tensile effort generated in the reinforcement fiber becomes higher than the fiber tensile
strength, the reinforcement fiber will break. Due to the breaking process, the strength of the joining zone
between the reinforcement fiber material and matrix material could be exceeded and a separation
between the two considered materials could develop. If the matrix material has high plasticity, even the
braking process develops and affects the reinforcement fiber, the separation could not be produced in
the matrix material. If the matrix material is not elastic enough, the breaking process could affect also
this material and complete separation of the broken components initially included in the specimen could
be observed. Due to the distinct behaviors of the two materials (matrix material and reinforcement fiber
material), the breaking of the joining zone between the two material components could be noticed.

It is supposed that if the reinforcement fiber has a position inclined at a certain angle to the specimen
longitudinal axis, the specimen tensile strength is diminished and lower forces will detach the matrix
material from the complete contact with the reinforcement fiber material.

When the reinforcement material is a fabric, there are also fibers placed in a direction perpendicular
or another position in respect with the specimen longitudinal axis, but it is presumed that these fibers
could affect to a lesser extent the tensile strength of the composite specimen.

To prepare the specimens made of composite materials in less complex conditions, a mold was
designed and achieved (figs. 3 and 4). The mold includes a main part made of silicone rubber. During
the mold manufacturing process, the cavity from the mold was obtained using a model performed by
classical cutting process applied to a plastic workpiece. A transparent glass cover allows observing the
fulfilling of the mold cavity with the liquid polymer. The mixture of the two liquid materials needed to
obtain each specimen was made and inserted into the mold using a syringe, after positioning the
reinforcement inserts.

The dimensions of the model (in fact, the dimensions of the specimens obtained using the mold) were
established in accordance with the recommendations included in some American regulations concerning
the determination of the tensile characteristics of the composite of plastic reinforced with fibers. Such
regulations are presented in [15]. The specimen total initial length was Lo=200 mm, the width in the
specimen calibrated zone was bo=10 £ 0.5 mm and the thickness in the same zone was ap=4 + 0.1 mm.

Force for advanang the liguid matenal

Force for fixing the cover . .
J Figure 3. Schematical

Hole for air evacuation representation of the
mold

Metallic wall Mok

Mater. Plast., 57 (1), 2020, 21-27 23 https://doi.org/10.37358/MP.20.1.5308


https://revmaterialeplastice.ro/

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro s
https://doi.org/10.37358/Mat.Plast.1964

As matrix material for the composite specimens, a bicomponent polyurethane resin characterized by
a short time of solidifying was used. The Sintafoam type resin (made by Prochima-Italy, tensile strength
yield of about 13.0 - 65.0 MPa) was considered as a specimen material. The solidifying time after the
mixing of the liquid components was less than 10 min. The initial fluidity of the mix was high enough,
thus being facilitated its penetration in narrow spaces. An important characteristic of this material was
the low shrinkage in the solidifying process, allowing the performing of a specimen with the desired
dimensions without the necessity of taking into consideration the shrinkage phenomenon.

Three commercial materials were used as composite reinforcements: silk fabric, jute fabric and glass
fabric. Image of the glass fiber type material in the initial state is presented in figure 1.

Fibers with the diameters of 0.05 mm (silk insert), 0.6 mm (jute insert) and 0.185 mm (glass insert).
The number of longitudinal fibers (that affect essentially the specimen tensile strength) for a single fabric
insert was of 125 for silk, 4 for jute, and 8 for glass.

Certain difficulties were encountered during the specimens’ preparation process. Thus, it has been
observed that when pressing the liquid material with the aid of the syringe is not continuous, air bubbles
could be introduced and such situations sometimes determined the need to repeat the manufacture of the
specimens.

Figure 4. Image of the mold,
mold cover, syringe for
injection of liquid plastic
material and of a specimen
prepared inside

There were first performed distinct experiments on specimens that were containing a single
reinforcement insert made of each of the tested materials (glass, jute, silk). By determining the tensile
strength of the specimens, the conclusion that the highest tensile strength was corresponding to the glass
insert was formulated. Forwards, other specimens that were including 2, 4, 6 and 7 glass inserts were
prepared and tested, to identify how the number of reinforcements inserts exerts influence on the tensile
strength of the composite material. An image concerning the used mold, mold transparent cover, syringe,
and an obtained specimen is presented in figure 4.

3.Results and discussions

A set of specimens including jute, silk and glass fiber fabrics were prepared using the previously
performed mold.

A computer-controlled electronic universal testing machine (WDW type, made in China) was used
as a testing machine for the experimental research (Figure 5, a). The cross-head speed had a value of 1
mm/min. The clamping distance (length) between the grips for holding the specimen was of 100 mm.
The work zone of the universal testing machine during the performing of tensile strength testing of the
considered composite materials could be seen in Figure 5, b.

Two images concerning the final results of the tensile tests could be observed in Figure 5, c and d.

In figure 6 one could notice the deformation curves valid for some of the experimental cases
developed when using distinct composite materials. These deformation curves were obtained by means
of the software for operation of the computer-controlled universal testing machine. Taking into
consideration the information offered by the graphical representations of the deformation curves, the
maximum value of the stress was determined. Since the cross area of the specimen in its testing zone
was of 4-10=40 mm?, the value of the ultimate tensile strength was determined; there is the convention
to consider the value that corresponds to the maximum stress in the specimen before breaking as the
ultimate tensile strength or tensile strength.
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The value of the modulus of elasticity was calculated using the ratio of tensile stress to tensile strain.

a b ¢ d
Figure 5. experimental conditions and results: a — wdw50 universal machine for mechanical tests; b - work
zone of the tensile test machine; ¢ —specimen that included glass fiber reinforcement at the end of the test; d —
specimen that included jute fiber reinforcement at the end of test

The experimental results were firstly used to highlight the maximum tensile force valid for each of
the prepared specimens and with this aim in view, the graphical representation from Figure 7 was
elaborated. From Figure 7, it could be noticed that the lowest tensile force corresponds to the specimens
for which the jute and the silk were used as reinforcement materials.

Adequate information concerning the elasticity properties of the considered reinforcement
materials could be obtained by means of the modulus of elasticity and for that, based on the experimental
results highlighted by the load-deformation curves, the values of the modulus of elasticity for each
specimen were calculated.
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Figure 6. Load-deformation curves valid for some of the composite specimens: a — when
reinforcement components were not used; b — composite that includes a silk fabric;
¢ — composite that includes a jute fabric; d - composite that includes four components
of glass fiber fabric

Taking into consideration the calculated values of the elasticity modulus, the graphical
representation from figure 8 was elaborated. Analyzing the information included in figure 8, the
relatively low values of the modulus of elasticity in the case of the jute and silk reinforcement materials
could be observed. As it was expected, in the case of using the glass fiber fabric as reinforcement
material, the value of elasticity modulus increases when the number of reinforcement components (the
number of the glass fiber fabrics) increases, too. A certain contradiction appeared in the case of the
specimen that does not contain reinforcement components whose peak load seems to be higher than the
peak load of the specimens that contain one or two single glass inserts (Figure 7). To a certain extent,
this contradiction could be explained by the presence of possible unobserved internal defects that were
existing in the specimens containing one or two glass inserts.
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Figure 7. Peak load determined in the case of the tested composite materials (Exp. 1 — plastic
specimen without reinforcement component, Exp. 2 — Exp.6, composite specimens
containing 1, 2, 4, 6 and 7 fabrics of glass fiber reinforcement components; Exp. 7 — specimen that
contains a single jute fiber reinforcement component (fabric); Exp. 8 — specimen that contains
a single silk fiber reinforcement component (fabric)
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As above-mentioned, the reinforcement based on the use of glass fibers proved a tensile strength
higher than the tensile strength that corresponds to the other accessible fabric inserts made of natural
materials (jute and silk). Considering this remark made after the first preliminary tests, other specimens
were prepared using distinct numbers of reinforcement components that could be inserted into the mold.
A single specimen was prepared for each number of glass fabric inserts. As expected, the increase in the
number of glass fabric insert has determined an increase in the specimen’s peak load. To quantify the
intensity of the influence exerted by the number of the glass fabric type inserts on the modulus of
elasticity Egr and to obtain additional information regarding this influence, the equation (1) was
established by mathematical processing of the experimental results:

Eq=-53.85x%+7853.6x+36615, Q)

where x is the number of glass fiber components (fabrics) used as reinforcement inserts. The
coefficient of determination has the value R?=0.9733, this meaning that the number of reinforcement
components (glass fabrics) exerts an influence evaluated at approximately 97.33 % on the value of the
modulus of elasticity Egt.
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Figure 8. Values of the modulus of elasticity valid in the case of the tested
composite materials (explanations for each experiment are the same as those
mentioned in the case of figure 7)

4.Conclusions

Intending to identify the conditions of obtaining a wind blade made of easy-to-obtain composite
material, experimental research involving the use of easily accessible composite materials and
manufacturing tools was designed, aiming to test the tensile strength of such materials. A simple mold
made of silicone base blend was designed and performed. Four types of specimens were achieved by
means of the simple mold. As materials for the reinforcement components, the jute, silk and glass fiber
fabrics were used. Since a high tensile strength was proved in the case of specimens made of glass fiber
fabrics, extended experimental research was developed considering many such glass fiber reinforcement
inserts. The initial analysis took into consideration the maximum tensile force for each of the prepared
specimens. In the second research stage, the modulus of elasticity was considered as a criterion to
evaluate the composite materials behavior at tensile tests. As expected, one noticed that a higher value
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of the modulus of elasticity could be obtained by increasing the number of glass fiber components. An
empirical mathematical polynomial of second-degree type function was determined to highlight the
intensity of the influence exerted by the number of the glass fiber components on the value of the
modulus of elasticity. In the future, there is the intention to extend the experimental research by taking
into consideration the use of other types of reinforcement materials included in the composite materials
specimens and to improve the solution of the mold used for manufacturing the specimens.
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