International Journal of Research in Engineering and Science (IJRES)
ISSN (Online): 2320-9364, ISSN (Print): 2320-9356
www.ijres.org Volume 11 Issue 4| April 2023 | PP. 433-439

Review on Numerical Modelling Of Textile Reinforced
Concrete

Ardra V!

1Student, Department of Civil Engineering, M A College of Engineering, m21secm019@mace.ac.in

Abstract

Sustainable construction practices are gaining importance in modern days which leads to the use of alternative
building materials. Textile reinforced concrete (TRC) can be used as it includes environment friendly building
materials. TRC consist of fine-grained concrete matrix reinforced by multiaxial, non-corrosive textile fabrics.
TRC is sustainable in nature. It develops thin structures and hence consumes less material compared to
conventional concrete structures. It can also be used for retrofitting and repair of existing buildings. Due to
heterogeneous cross section of fibres, TRC has a complex bond behaviour. The non-linear behaviour of TRC can
be simplified by establishing numerical models available in commercial finite element software. The review
focuses on developing a 3D finite element model of TRC and investigation of the structural behaviour under
uniaxial tensile stress and four-point bending test. The numerical modelling of TRC members is going to be done
in different software. The results will be validated and compared with the experimental results.
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I. INTRODUCTION

The construction industry is in need of sustainable development which requires replacement for
conventional construction materials. It has led to the emergence of composite structures and non-traditional
materials. Motivated by the desire for filigree and lightweight elements with high durability, textile-reinforced
concrete (TRC) has been steadily developed in recent decades, thereby opening up a new field of application for
concrete. TRC differs from ordinary steel-reinforced concrete by its more complex structure. The complex
behaviour of TRC has become the driving force for the development of analytical models. New technological
advances making use of non-traditional types or amounts of material and energy could be used to meet the demand
for a sustainable industry [26]. An innovative material which is thought to have emerged from this idea is Textile
Reinforced Concrete (TRC).

TRC is a combination of fine-grained concrete and multi-axial textile fabrics, which has been
fundamentally researched over the past decade [6]. This composite material has been shown to have the potential
to be used to design slender, lightweight, modular and freeform structures, while eliminating the risk of corrosion
and providing high strength in compression and also in tension [18]. It has also been proven to be a suitable
solution for the strengthening of existing structures [19]. TRC is differentiated from ordinary steel reinforced
concrete mainly by its complex heterogeneous structure. A textile reinforcement yarn consists of numerous
filaments which inhibit the even penetration of the fine-grained concrete matrix between the filaments. The inner
filaments, as a result, have less contact with the fine-grained concrete matrix depending on the size of the fill-in
zone [6]. This phenomenon causes the damage localization process to be governed by the bond between the textile
mesh and the fine-grained concrete matrix. Accordingly, the complex bond behaviour has become the driving
force for developing numerical models in various scales: macro, meso, micro and multi. However, there are
difficulties to quantify the bond-slip relationship at different scales; and when incorporated, can become
computationally demanding [11].

TRC technology is used in the improvement of the rural and urban areas, so there is a need of the more
construction method with affordable cast. The TRC panels are made by the Textile Reinforced Concrete
Prototyping Technology (TRCPT) which is light in weight, non-corrosive, durable, and cost-effective.

11 SUSTAINABILITY ASPECTS OF CONSTRUCTION WITH TRC

In the modern era, new technologies to provide sustainability are becoming a major driving force for
innovation in the construction industry. The sustainability qualities offered by TRC spans over a wide range: a)
Potential for making components with considerably smaller amount of material. b) Longer service life than
conventional concrete. ¢) To extend the life-span of existing structures that are undergoing deterioration or need
upgrading of their mechanical performance to withstand higher static and dynamic loads [4].
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1.1 TEXTILE FIBRE REINFORCEMENTS

Fibres such as carbon, AR glass, basalt or aramid are commonly used in the manufacturing of textile
materials. These fibres have very high mechanical properties compared to metals. In general, textile
reinforcements are available in woven, nonwoven or knitted forms. Dimensional characteristics of these textile
reinforcements can be given in the form of planar (2D) or spacer (3D). Spacer reinforcements withstand loads
within a volume.

121 Glass

The basic ingredient is silica (Si02), and other oxides are added to modify the three- dimensional network
structure. Glass fibres are amorphous and isotropic. The most economical and widely used glass fibres are E-glass
(high electrical resistivity). However, in an alkaline environment, the sensitivity of E-glass fibres is quite higher.
Alkali-resistance to glass fibre can be provided by adding 15 percentage of zirconia (ZrO2). Presently, AR glass
filaments are widely used in TRC applications because of their good adhesion properties in cement matrices and
are economical in nature.

1.2.2 Carbon

Carbon fibres are commercially available as continuous tow and chopped (6-50 mm long) fibres.
Continuous carbon yarns contain numerous (~10,000) filaments with diameters of 7—15 um. These filaments
exhibit high resistance to acid and alkaline environments and to organic solvents while their adhesion to cement-
based material is not as good as that of AR glass.

123 Aramid

Aramid fibres are highly crystalline aromatic polyamide fibres. In contrast to glass and carbon, aramid
filaments fracture in a ductile manner with considerable necking and fibrillation. This property is considered
beneficial for impact or dynamic loading applications. Aramid fibres are unaffected by temperature up to 160°C,
but the filament is likely to lose most of its strength above 300°C. Aramid fibres absorb moisture and exhibit
internal cracking and longitudinal splitting at increased moisture content, but the effect of moisture on fibre tensile
properties are minimum. Also, aramid fibres are sensitive to ultraviolet light. Thousands of filaments bundled
together comprise an aramid yarn, each 10—15 yum in diameter.

124 Basalt

Basalt fibres exhibit increased modulus of elasticity and strength, high temperature (1,100°C-1,200°C)
and corrosion resistance [7][8]. Basalt fibres have strength higher than that of glass fibre and cost almost similar
to glass fibre. It has good resistance to the alkaline environment (pH 13 or 14) but relatively less stable in strong
acid [4].

Il. MATRIX COMPOSITION OF TRC

The cement matrix for TRC comprises binders, fine-grained aggregates, and a low water-to-binder ratio.
The parameters to be considered for choosing the binding materials are (i) its high strength, based on the
application, (ii) a sufficient bond between the reinforcement and cement matrix, (iii) its workability during
fabrication and setting, (iv) its geometrical stability, (v) the production process , and (vi) low shrinkage and creep.
Generally a binder content of 40-50% is taken for TRC and the water-binder ratio varies from 0.29 to 0.40. The
mortar and the reinforcement will have a better bonding with increase in binder content. The size of rain varies
from 1 to 2 mm, depending on the mesh size of the reinforcement used. The common mineral admixtures used
are fly ash, micro silica, and metakaolin. The bonding and the mechanical beahaviour of these matrix are highly
improved due to their high pozzolanic activity and also smaller size. It also has higher durability since the
permeability is lower. Based on the literature, the typical compressive strength used in the cement matrix is 50—
60 MPa for structural applications. A higher strength of 120 MPa has also been used for filigree construction and
bearing applications in architecture [24].

2.1 BONDING IN TRC

Most studies investigated the bond between TRM and concrete substrate. The bond between carbon TRM
and concrete has also been studied by a few researchers, but studies on the bond between glass or steel TRM and
concrete are quite limited. The major modes of failure observed in bond tests are (1) slippage of fibres through
the mortar; (2) debonding of TRM with part of concrete; (3) debonding of TRM in the concrete—mortar interface;
and (4) rupture of TRM. The major cause of failure was due to slippage of the fibres through the mortar.
Debonding of TRM strips with part of concrete was also observed in some specimens. For glass TRM jackets,
failure was due to rupture of TRM strips. A description of the main parameters investigated is given subsequently.
It was observed that ultimate load and bond capacity increased nonlinearly with the bonded length [13].
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The compatibility between the textile fibre and the matrix is mainly due to the inherent heterogeneous
structure of the textile yarn. This interaction is an important input parameter for the numerical modelling of textile
reinforced concrete. Pull out tests have been conducted to find the interaction. With the increase in embedment
length, the maximum pull out force and the corresponding deformation was observed to be increased. The scatter
of the results evidently increased as the embedment length increased, which could be due to an enlarged potential
for bond irregularities along the embedment length. The factors which affect the bond slip function are material
properties of concrete matrix, reinforcement geometry and surface, configuration and stiffness of the mesh. The
local bond stressslip functions for carbon reinforced TRC were initially calibrated to match the experimental
results. From the experimental results, a first estimate of a local bond-slip function was made. It was them given
as an input in global analysis. The local bond versus slip was corrected in several steps until reasonable agreement
was found on the global level in relation to the TRC component behaviour and is shown in figure 1 [17].

6

Bond stress (MPa)

T T T

Slip (mm)
Figure: 1 Calibrated bond-slip curve [17]

2.2 IDEALIZED STRESS-STRAIN RESPONSE

The stress-strain curve will be different for composites containing different textiles and matrix
compositions. Thus, an idealized stress-strain curve is proposed. ported in Fig. 1a with a continuous line for
comparison. The idealized trilinear stress-strain response should be independent of the test set-up adopted for the
tensile test. However, in reality, the specimen morphology, fiber volume fraction in the longitudinal direction,
clamping method, and control mode may affect the response.

According to the idealized stress-strain response of Fig. la, the material responds in a linear elastic
manner while uncracked. This stage, named Stage 1 or uncracked stage, ends with the occurrence of the first crack
in the matrix, which is sometimes responsible for a sudden drop in the applied stress. With increasing deformation,
further cracks appear along the specimen length and the axial stress does not increase significantly (Stage 2 or
crack development stage). When the matrix is unable to form additional cracks (i.e. when matrix crack saturation
is achieved) the applied load is sustained solely by the longitudinal (load-aligned) fibers (Stage 3 or post-cracking
stage). Therefore, Stage 3 should be characterized by a slope of the stress-strain curve similar to the elastic
modulus of the bare (matrix-free) fibers and failure should occur due to fiber rupture.

I1l. TENSILE BEHAVIOUR OF TRC
3.1 STRAIN HARDENING TENSILE BEHAVIOUR OF TRC
The tensile stress-strain curve of TRCs with sufficient bond between matrix and fibre is a trilinear curve
consisting of three stages. The three stages are linear elastic stage, multiple crack stage and failure stage, which is
depicted in figure
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Figure: 2 Schematic representation of a typical tensile behaviour of TRC and Textile

The first stage composes of the uncracked matrix. The stage Ila shows the initial crack due to the transfer
of applied load to the textile reinforcement and the generation of multiple cracks. The stage 11b shows the widening
of existing crack without further cracks. In this stage, the strength and stiffness is governed by elastic modulus
and tensile strength of textile reinforcement. The third stage is the failure stage which is reached when the tensile
stress of the textile reinforcement reaches it’s ultimate value. For TRCs with insufficient bond between the matrix
and the fibre, the stress-strain curve will be bilinear.

3.2 EXPERIMENTAL RESULTS

Uniaxial tensile test was conducted on a textile reinforced concrete made of highly ductile fibre
reinforced concrete and carbon textiles. The strength was affected by reinforcing textile ratio, type and volume
content of short fibres etc. It exhibited multiple crack pattern. Increase in the short fiber volume content and the
reinforcing textile ratio increased the number of cracks and decreased the crack width and spacing in TRHDC
(Textile Reinforced Highly Ductile Concrete). The failure pattern can be changed from slippage to textile tensile
rupture by increasing the short fiber volume content and matrix strength due to the better bond properties at the
textile-to-matrix interface. The TRHDC specimens exhibited higher ultimate stress, toughness, and strength
utilization coefficient of the textile compared to the corresponding TRM and HDC specimens. The tensile strength
of TRHDC is mainly determined by the mechanical properties of the carbon textile, the reinforcing textile ratio,
and the bond behavior at the textile-to-matrix interface and is not the superposition of the bearing capacity of each
warp yarn. Increasing the reinforcing textile ratio enhanced the ultimate stress and toughness but led to a decrease
in the strength utilization coefficient. Short fibers can improve the brittleness of the matrix and the bond behavior
at the textile-to-matrix interface and thereby increase the ultimate stress, toughness, and strength utilization
coefficient [14].

TRC can be used for tension. It has smaller crack width due to narrow crack width. Crack spacing depends
on the reinforcement amount and distance of transverse rovings. The bond between the matrix and textile fabric
is mainly due to adhesion and friction [20]’

TRC can be used as face material in sandwich panel. The nonlinear behaviour of the face material in
tension results in a complex behaviour of the sandwich panel with a gradual shift of the neutral axis toward the
face in compression upon loading [10].

3.3 TENSILE BEHAVIOUR OF TRC SANDWICH PANELS

A TRC sandwich panel was modelled in ABAQUS software. A displacement-controlled analysis was
performed, increasing the displacement at the upper part of the pre-cracked composite while the lower part is
locked along a distance corresponding to the fixed clamp. Failure of the panel is due to an entire pull-out of the
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textile in the clamped length of the specimen due to the insufficient adherence length. In uniaxial tension, the
stress-strain behaviour is linear elastic until reaching the initiation cracking stress followed by a softening stress-
strain due to the creation of micro-cracks and strain localization in concrete. In uniaxial compression, concrete
behaviour is linear elastic until crushing initiation stress. FEM method allows for detection of more realistic crack
opening at the initiation of concrete damage. [30]

3.4 TENSILE BEHAVIOUR OF BASALT TEXTILE REINFORCED MORTAR

Basalt has lower elongation ratios and is perfectly elastic until failure. A bitumen coat can be provided
to allow for smoother load transmission by enhancing the bond between textile and the matrix. Uniaxial tensile
test has been conducted by varying the reinforcing ratios. The failure of specimen with single reinforcement was
smooth. Upon increasing the reinforcing ratios, the failure became more brittle. The increase of the reinforcement
rate also affected the crack pattern, which strongly influenced the behaviour of the composite. The number of
cracks was higher with a greater number of basalt textiles acting as strengthening core. the overall behaviour of
the TRM load-strain curves are not significantly affected by the interface between basalt fibres and mortar. [22]

34 TENSILE BEHAVIOUR OF FACADE PANELS

Beam elements with 2 nodes (T3D2) were used for the reinforcement modelling and solid brick elements
with 8 nodes (C3D8R) for the concrete. A static Riks nonlinear analysis (that uses an incremental loading increase
until loss of strength or stability) was employed. 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 lower forces, but the strength
reserves are similar to those in the upper concrete classes. In the case of both the panels and the proposed lighting
poles, the use of highstrength concrete leads to an increase in the strength value (approximately 40% for TRC
panels, approximately 15% for TRC lighting poles) [7].

1VV. BENDING BEHAVIOUR OF TRC
A 2D macroscale model of a textile reinforced concrete slab was model for four point bending test which
was reinforced with carbon fibres. After the initial crack, multiple cracking occurred which was followed by a
deformation hardening behaviour. The load and midspan deflection value were slightly higher than the
experimental results which could be due to uncertainty in bond-slip curve or due to overestimation of the
deformation. The failure observed from the experiment was anchorage failure [17]. The set up for four point
bending is shown in figure 4.

~ Loading dod

— Ball Bearing
2 1
— BydisulE jack 2
~4oad cell

Figure :4 Setup of four point bending test

41 BENDING BEHAVIOUR OF TRC SANDWICH BEAM

For Finite Element Analysis, TRC could be modelled as a homogeneous material considering it’s non-
linearity or as by discretising the fabric as grid reinforcement embedded in the matrix. The numerical study
provides a reliable prediction of the results; in case of deep beam the model over estimates the maximum load of
about 10% while for slender sandwich beam the solution is conservative. [12]

4.2 FOUR POINT BENDING TEST REINFORCED WITH POLYPROPYLENE FIBRES
Four point bending test have been done on textile reinforced concrete reinforced with polypropylene
fibres. The addition of polypropylene fibre was useful for improving the cracking load and ultimate load. The
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main reason being the effectiveness of polypropylene in improving the early age performance of fine grained
concrete [28].
4.2.1 Effect of various cover thickness

After cracking, the specimens with small concrete cover had higher stiffness and hence had higher
bearing capacity at the same mid-span deflection. The reason for this effect is that if the cover thickness satisfies
the necessary value to ensure an anchorage of the reinforcement, the thinner the concrete cover, the more fully the
role of the textile in limiting cracking can be utilized [28].
422 Effect of different surface treatment

The specimen in which sand has been stuck on textile showed higher stiffness and higher bearing
capacity as the sticking of sand with textile decreases the slip between the matrix and the textile. It also exhibited
better crack pattern. The specimen with no sand stuck on the textile exhibited larger crack width and a lower load
bearing capacity.
4.2.3 Influence of polypropylene fibre

The bridging effect of polypropylene fibre delays expansion of crack and also reduces the crack width.
It also improves the stiffness after cracking. But, there is an optimum value for polypropylene content which is
around 1kg/m3.

4.3 FOUR POINT BENDING TEST REINFORCED WITH CARBON FIBRES

The effect of carbon fibres was studied by using fine, medium and coarse textile mesh. Delamination
of the textile caused the failure of Medium and Fine specimens, while textile failure occurred in the Coarse
specimen. The textile bond was found to be increased with an increase in anchorage length. A 2D non-linear
macroscale model was developed and analysed by varying the contact perimeter of bond interface. It was observed
that with the increase in contact perimeter, a complete interaction was achieved with the textile and the concrete
matrix. All analyses reached approximately the same maximum load as in the test, but revealed differences in
ductility.

V. CONCLUSION

A number of experiments have been conducted on the tensile and flexural behaviour of textile
reinforced concrete. Numerical modelling was also done and compared with the experimental results to validate
the models. In most studies, there were good correlation between the experimental and numerical analysis. This
paper also comprises of the matrix composition and bonding in textile reinforced concrete. In many studies, the
bond slip behaviour was assumed for the textile reinforced concrete which gave reliable results. The numerical
modelling of TRC using finite element software is effective in predicting the bond behaviour, load-deflection
response, stress-strain relations etc
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