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Abstract

The textile reinforced concrete is a material with increased mechanical properties that can allow the
production of lighter structural elements. The alkali-resistant textile reinforcement is not affected by
corrosion. A structural facade panel and a light pole were modeled in order to study their behavior in
the case of wind pressure. The developed numerical simulations were calibrated according to available
data from the literature. These simulations revealed information potentially useful in the planning of

further experimental tests.

Keywords: textile reinforced concrete, alkali-resistant glass-fibres, finite element method, nu-
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1. Introduction

The development of high performance
concrete (HPC) and ultra-high performance
concrete (UHPC) has led the necessity for a
new technology that can allow a sustainable
evolution for the reinforced concrete indus-
try. In recent years an increased interest
from architects and engineers has emerged
regarding the use of innovative and perfor-
mant materials which allowed a continuous
evolution for the composite materials. The
traditional way of using steel reinforcement
is by imposing a minimum cover thickness
of 5 cm for structural elements because of
corrosion and fire codes. The combination
of textile reinforcement (glass, basalt, car-
bon alkali resisting fibres with a polymeric
matrix) with high performance concrete
allows the production of structural elements

with a 10 times lower thickness and with
improved mechanical properties compared
to traditional ones. Regarding sustainability,
the use of textile reinforced concrete (TRC)
can be favorable because of material reduc-
tion and low environmental footprint. Nu-
merous studies have been carried out in this
field, with respect to structural functionali-
ty, durability, production, application and
design.

The concrete used for TRC is usually
based on fine grained concrete with aggre-
gates that do not exceed 2 mm. Besides the
increase in concrete strength, (for TRC the
HPC and UHPC type of concrete is used)
the reduced granulation allows a better im-
pregnation of the concrete in the textile
reinforcement grid [1]. The reinforcement
of the TRC elements generally involves 2D
or 3D meshes whose fibres are made of
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alkali-resistant glass (ARG), carbon, basalt,
polypropylene, polyvinyl-alcohol (PVAC)
with a polyvinyl chloride (PVC) matrix or a
hybrid mixture of these materials [2]. TRC
is a composite material with a diverse ap-
plication in such fields as: structural retro-
fitting [3-7], lightweight structures [8, 9] or
facade panels [10-14]. Depending on the
desired geometry, the TRC elements are
obtained using different methods: forming,
spraying or rolling [15].

The objective of this study is to collect
information on the behavior of some struc-
tural elements of the TRCs dominated by
wind action (in our case facade panels and
lighting poles). A number of simulations
were carried out to meet the proposed ob-
jective, using the commercial Abaqus finite
element software [16]. These studies are at
the same time an initial step before the ex-
perimental tests that will follow.

2. Materials and methods

2.1. Materials

For the textile reinforcement, the 2D
glass fibre reinforcement grid is used, as
illustrated in Figure 1. Its fibres consist of
1500-2000 yarns coated with a polymeric
epoxy resin matrix. The binding type is
chain, the mesh sizes being 10x25 mm.
The area of the fibre section is 3.80 mm?
and for the calculations, the modulus of
elasticity was considered as 33250 MPa and
the tensile strength 475 MPa.

More types of concrete were considered
for the numerical simulations, so besides
the classical common classes C25/30 and
C20/25, the models were made considering
the characteristics of the following types of
TRC:

—TRC106 / C106 (compression strength:
106 MPa, E = 49 GPa);

—TRC90 (compression strength: 90 MPa,
E = 40 GPa);

—TRC70 (compression strength: 70 MPa, E
=35 GPa).
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Figure 1.,,2D AR-Glass” textile reinforcement
[11].

2.2. Structural elements

Panels of 25x300x700 mm have been
modeled in terms of bearing and loading as
illustrated in Figure 2. (separately for each
of the five types of concrete, considering a
6 mm concrete cover on the reinforcement).
This mode of loading corresponds to the
experimental testing that will be carried out
in the future.
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Figure 2. Facade panel model, lying down (the
dimensions are in mm).

The 260x260x4550 mm lighting poles
were modelled with 10x10 mm textile rein-
forcement grid (with the same mechanical
features as the "2D AR-Glass" mesh). In the
tube section, the 2D grid was positioned in
the middle of every pole side. Unlike the
facade panels, only three cases were con-
sidered here: TRC106 (aka C106 with rein-
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forcement), C106 (without reinforcement)
and common C20/25 also without rein-
forcement. The loading was considered
uniformly distributed on one of the sides of
the pole as shown in Figure 3.
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Figure 3. Lighting pole model (dimensions in
cm).

2.3. Numerical simulations

Beam elements with 2 nodes (T3D2)
were used for the reinforcement modeling
and solid brick elements with 8 nodes
(C3D8R) for the concrete. For both textile
reinforcement and concrete a mesh of 8 mm
was used in the FEM, considering a perfect
bond between the reinforcement and the
concrete. The material constitutive law for
concrete was modelled based on CDM
(Concrete Damage Plasticity) and a Plas-
ticity material law was assumed for the tex-
tile reinforcement. Thus, in both cases the
material nonlinearity was taken into ac-
count.

Considering the concrete properties as
variables, 5 numerical simulations were

carried out for the facade panels and 3 for
the lighting poles. A static Riks nonlinear
analysis (that uses an incremental loading
increase until loss of strength or stability)
was employed for all these simulations.

3. Results and discussion

3.1 Facade panels

The results of numerical simulations are
presented in graphical form for both types
of structural elements. For the facade panels
it is observed that in the case of concrete
classes with a lower compressive strength
the first plastic deformations appear at low-
er forces, but the strength reserves are simi-
lar to those in the upper concrete classes
(Figure 4).

In Figures 5. and 6. the development of
plastic areas for the compressed and
stretched zones respectively can be ob-
served.
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Figure 4. Force-displacement by facade panels
(the markings of the material models
follow the order of the curves).

The lower classes of concrete have been
introduced for comparison in order to try a
more cost-effective approach regarding the
facade panels. Although it is possible to use
lower concrete classes for the TRC panels,
due to the technological requirements (the
use of fine grained concrete is needed in
order to obtain an efficient penetration of
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the concrete in the textile reinforcement
grid), the concrete recipe will be included in
a higher class in terms of compressive
strengths [17].

Figure 5. Typical compression plastic strains.
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Figure 6. Typical tensile plastic strains.

3.2. Lighting poles

The lighting poles were considered
fixed at the ground level (all degrees of
freedom were blocked). A uniform pressure
load was applied on one side of the poles in
order to simulate the wind action.

From Figure 7. it can be observed that
the influence of the textile reinforcement is
relatively small. The reinforcement be-
comes effective with the formation of the
first plastic areas (base of the column), so
the role of this reinforcement is strictly to
obtain additional strength reserves.
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Figure 7. Force-displacement by lighting poles
(the markings of the material models
follow the order of the curves).

Figure 8. Compression plastic strain (column
base plasticizing).

Figure 9. Tensile plastic strain (column base
plasticizing).
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4. Conclusions

One of the purposes of the numerical
evaluations was to obtain preliminary data
for subsequent experimental tests (such as
optimizing the number of experiments and
to predict the behavior of the proposed ele-
ments from the results given by the numeri-
cal simulations that take into account all
sources of nonlinearity).

Due to the technological conditions it is
not possible to use aggregates having a
grain size over 4 mm in TRC elements,
which leads to higher classes of concrete. In
order to obtain lightweight structural ele-
ments it is necessary to use corrosion re-
sistant reinforcements (like alkali treated
textile reinforcement), thus the use of con-
ventional steel reinforcement is excluded.

Following the employed numerical sim-
ulations, the following were found:

—The use of lower concrete classes with
textile reinforcement for facade panels
leads to small differences in stiffness and
strength;

—In the case of both the panels and the pro-
posed lighting poles, the use of high-
strength concrete leads to an increase in
the strength value (approximately 40% for
TRC panels, approximately 15% for TRC
lighting poles);

—The textile reinforcement has the role of
providing sufficient strength reserves so
that we have an announced collapse of the
proposed structural elements.

An important objective is also the extent
to which sustainability criteria are fulfilled
(reducing the amount of the required mate-
rials and of the input energy, while increas-
ing the service life), and, economic consid-
erations. Using TRC is not necessarily
cheaper, but could prove to be more effec-
tive.
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