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ABSTRACT.

This article focusses on the possible use of hybrid reinforcement from inorganic and

organic materials in a thin concrete plates, such as Textile-reinforced concrete. Organic materials, such
as flax, jute, or sisal, have high tensile strengths. Young’s modulus is, on the other hand, problematic,
so the combination with inorganic textiles goes hand in hand. Natural fibres are renewable materials,
making them an environmentally friendly material, so using them as a partial substitution of inorganic
materials would make concrete reinforcement more sustainable. In this article, four-point tests of
hybrid reinforced concrete plates with alkali-resistant glass and flax are presented. In addition, a hybrid
reinforcement cross-sectional microscopy was done to evaluate the impregnation with epoxy resin.

KEYWORDS: Natural materials, natural fibres, alternative reinforcement, hybrid reinforcement, textile-

reinforced concrete, flax, flexure test.

1. INTRODUCTION

Faced with climate change, we need to make our
society more sustainable. Carbon dioxide emission
needs to be reduced, even if we are talking about
concrete reinforcements. Alternative reinforcements,
such as inorganic textiles (carbon, AR-glass, basalt),
helped to invent a textile-reinforced concrete (TRC).
TRC consists of fine-grained concrete and noncorrosive
reinforcements (rovings), which enables one to make
as thin samples as few centimetres.

However, we can push this composite material even
further, and inorganic textiles can be substituted with
organic textiles such as flax, jute, hemp, or sisal.
These materials are renewable, compostable, inex-
pensive, and can be produced sustainably, so their
environmental impact is low [IH3]. On the other hand,
these characteristics make them not durable in an
alkaline and wet environment, so some kind of protec-
tion is needed (impregnation or coating) [4H6]. Today,
they are already used in polymer composites for ap-
plications in the automobile or aviation industry [2].

A lot of research has been done on the mechan-
ical characteristics of natural fibres. They have a
low density of around 12000-15000kgm™3, tensile
strength of up to 1000 MPa and even Young’s mod-
ulus is promising, as high as 70 GPa for flax, which
is equal to AR-glass values [7, 8]. On the other hand,
when all fibres are combined into a roving, the val-
ues of Young’s modulus are drastically lower. Due
to homogenisation with epoxy resin, it is possible to
achieve usable values for use in concrete [9].

To evaluate the potential substitution of inorganic

reinforcement, five types of concrete plates were de-
signed for the four-point flexural test. Hybrid rein-
forcement was created from AR-glass and flax, and
its composition was checked under the microcope.

2. PREPARATION OF SAMPLES

Five different samples were prepared for the four-point
flexural test of hybrid reinforcement in a concrete. All
samples had dimensions 100 x 20 x 40 mm and were
reinforced with four rovings. There were five types
of reinforcement: AR-glass as reference, combination
of AR-glass and one flax, AR-glass with two flaxes,
AR-glass with three flaxes and five flaxes.

The material characteristics of the yarns are shown
in Table [II HobbyBeton by Baumit was used for
the concrete [I0]. It has declared strength 25/30 and
the largest grain is up to 4 mm, which is convenient
for such small samples. For the impregnation and
homogenisation of rovings, LAMEPOX 23 epoxy resin
was used. It has a tensile strength of 81 MPa and
Young’s modulus is 3.3 GPa [I1].

T Pr Ar
[tex] [gcm™3] mm?

Flax 460 0.46 1.00
AR-glass 2400 2.54 0.95

TABLE 1. Material characteristic of yarns.
The reinforcement was made by combining selected
yarns together. They were twisted for better manipu-

lation. All rovings were submerged into epoxy resin
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and then stretched on a frame. In the end, the rovings
were sprinkled with fine-grained silica sand to ensure
better bond with the concrete matrix.

FIcURE 1. Homogenised hybrid rovings from AR glass
and flax with epoxy resin and sprinkled with sand (top)
and concreted samples in a framework (bottom).

Hardened rovings were cut into desired lengths to
put them in a framework. The reinforcement was
pressed with a board at one end and stretched with
a rubber band with a crocodile at the other end to
ensure that it will stay stretched during the concret-
ing and that it will have the desired cover layer and
position (Figure [1)).

After the concreting, the samples were covered with
a foil to prevent water evaporation, and the next day
they were put in a climatized chamber. After 28 days,
the samples were tested by the four-point bending
test.

With the samples, reference prisms 40 x40 x 160 mm
were also concreted to verify the material characteris-
tics of the concrete mixture.

3. EXPERIMENT AND RESULTS

The experiment was carried out on a Zwick/Roell Z100
hydraulic press. Setup and a broken specimen is seen
in Figure 2] The samples were tested by a four-point
bending test with a crossbar speed of 2mm min~!.
Force and displacement were recorded.

In the Table [2 the results of the measurements
are presented. It can be seen, that the more flax

yarns were added, the more strength decreases. This
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FIGURE 2. Four-point bending test in process (top).
Broken specimen. The arrow indicates the cuts of the
rovings (bottom).

is probably because the young modulus of AR-glass
is higher than the flax’s.

F Umax
[N] [MPa]
Hybrid_x4 1Glass 1929.50 17.08
Hybrid_x4 1Glass+1Flax 1376.61 13.31
Hybrid_x4 1Glass+2Flax 1537.11 13.75
Hybrid_ x4 1Glass+3Flax 1272.25 11.22
Hybrid_ x4 5Flax 846.66 7.40

TABLE 2. Measured strengths of plates reinforced
with four hybrid rovings. F is the maximal measured
strength. op,q. is the stress on a ideal cross-section
without cracks.

In Figure [3] the chart of the measurements can
be seen. After the first peak, which indicates the
flexural strength of the concrete, all samples show
a multiple crack behaviour with strengthening. This
ductile behaviour is desirable because the structure
shows it is collapsing, but not at sudden.

At first glance, the G’ sample with only glass rov-
ings is the strongest. The other samples show smaller
drops after the peaks, indicating that the crack width
is smaller than at the glass specimens. Probably, it
is due to the diameter of the reinforcement. Thicker
reinforcement can withstand higher contact stress.

Some of the samples have small peaks in the chart.
It is probably caused by the epoxy resin, which can
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FIGURE 3. Force-displacement chart of representative samples of plates reinforced with hybrid rovings. The number
next to 'Flax’ and ’Glass’ corresponds to the number of yarns used.

be too weak to withstand loads, so it started to crack
slowly and with that the rovings were slightly pulled
out. The tests were accompanied with periodic sounds,
which strengthen this conclusion. Another feature
that could have had an impact was the twisting of the
samples. It seems that the rovings were twisted too
much because with the twisting, the yarns are short-
ened and then when the force is applied in tension,
they tend to untwist themselves.

Reference concrete prisms were tested first by
a three-point bending test and then in compres-
sion. The results were consistent in all batches
of specimens. The average compression strength
was 44.75 +4.44 MPa and the flexural strength was
7.29 +0.47 MPa.

In addition, some of the reinforcements were placed
in epoxy resin and polished to obtain a good image
under a VHX-6000 microscope. These images are
seen in Figure [4) with a close-up on the bottom, where
individual fibrils can be seen. It shows us that the
reinforcements were properly impregnated and that
both materials are perfectly bonded without cavities
or spaces.

4. CONCLUSION

Five different hybrid reinforcements combined from
glass and flax were tested in thin plates of concrete.
The four-point bending test was performed on plates

FIGURE 4. The cross section of 1Glass+1Flax roving.

with dimensions of 100 x 20 x 400 mm. The results
showed these conclusions:

e Twisting of yarns should not be done in an excessive
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amount to reduce the phenomenon of 'untwisting’
during the experiment.

e The combination of AR-glass and flax leads to lower
strengths but also lower crack widths.

e The combination and impregnation of different
yarns did not show any flaws in the cross section
under the microscope.
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