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Abstract 

Textile-reinforced concrete (TRC) is a form of reinforced concrete, where conventional reinforcement is 

replaced with textiles or fibers. The high tenacity of the textile fibers results in flexible and durable concrete 

structures. The literature has been limited to TRC applications in retrofitting and nonstructural applications. 

Therefore, this article attempts to detangle the progressive research direction on the usage of TRC as a 

structural member. For this, (i) a bibliometric study using scientometrics analysis to visualize the keyword 

network, and (ii) qualitative discussions on identified research areas were performed. The literature was 

categorized into four main research areas, namely material properties of TRC, composite behavior of TRC, 

bond-slip relations, and TRC applications as structural elements. In addition, the advantages and disadvantages 

in the usage of TRC as a structural member are discussed in association with the identified research areas. 

Furthermore, the article proposes future directions to reinforce the research on the usage of TRC as a 

structural element. 
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I. Introduction 

The advancement in construction materials and technology has led to research into efficient and 

sustainable structural systems that incorporate the properties of minimum material usage, light weight, and 

added economic benefits. To attain this, researchers impregnated a certain number of fibers into the concrete 

matrix as they are effective in reducing cracks and can improve the ductility behavior of concrete [1] by making 

the sections more compact, which can ultimately lead to more economic designs [2]. The alternative method is 

to replace the steel reinforcement with textile (fiber) mesh, creating textile-reinforced concrete (TRC). The 

nonmetallic nature of TRC eliminates the usage of concrete cover, resulting in slender members. 

Textile-based composites have been studied extensively in the past two decades as they are used in the 

construction of newly fabricated structural elements (e.g., [3,4]) and the strengthening of existing structures 

(e.g., [5,6]). TRC possesses enhanced properties such as increased flexibility and resistance to fire. Therefore, 

TRC is becoming progressively more attractive for strengthening existing structures, in comparison to the more 

extensively used fiber-reinforced polymer (FRP). 

Numerous studies have been conducted globally to assess the suitability of TRC as a building material, 

in terms of its tensile and flexural strengths [7-9]. Typically, the specimen is prepared in the form of plates and 

is subjected to either tensile or three-point bending tests. The results are highly dependent on the type of fiber 

and the mix design of concrete used. In terms of the bond strength, the majority of researchers have attempted to 

quantify the bond strength of externally bonded fiber [10,11], as TRC is used as a repair material. In textile-

reinforced concrete, as the fiber is embedded within the concrete matrix, a new and better bond strength model 

must be established specifically for this application. This is important for the correct prediction and modeling of 

the behavior of TRC using numerical analysis. Thus, a comprehensive review of TRC would be useful to 

provide a holistic picture and allow a wider application of this material in the future. 
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The novelty of this article is that it applied the science mapping approach (SMA) in the research 

domain of TRC by using a bibliometric search and scientometrics analysis to reduce the biases [12]. In addition, 

the current article is further extended with an in-depth qualitative discussion by assessing the existing research 

on TRC with the following research objectives: to determine (a) the material properties of TRC, (b) the 

composite behavior of TRC, (c) the bond-slip relations, and (d) the applications of TRC as structural elements. 

This is followed by a discussion of the recommendations for future research 

 

II. Exploration of application areas 

Material Properties of TRC 

TRC is a composite structure, which consists of the textile fiber and the concrete matrix. The typical properties 

of the concrete and the textile embedded in it are discussed in the following sections. 

 

Textile Fiber 

Steel has traditionally been used as a reinforcing material in concrete due to its high tensile strength 

and ductile behavior. However, steel is often associated with high carbon emissions during production and 

higher cost due to the depletion of natural resources. Moreover, steel requires sufficient concrete cover for 

corrosion protection, causing larger sections in an otherwise slender member. Possible substitutions for steel as 

reinforcement have been explored and the usage of textile reinforcement has been proposed by many 

researchers. 

Fiber, yarn, and fabric are various forms of reinforcement that have been used as reinforced fiber 

composites. Textile reinforcements were initially used in the form of chopped and short fibers. The use of mesh 

or continuous reinforcement has been explored over the past two decades because of its flexibility and ability to 

be fabricated into complex shapes [13]. Fibers can be classified into two types, natural and man-made fibers. 

The main sources of natural textile fibers are animals, plants, and natural minerals, whereas synthetic materials 

and ceramics fabricated using mineral fibers are considered as man-made [14]. Natural fibers made of animal 

products are not applicable in the construction field, while plant-produced fibers could be used to some extent 

by having them chemically treated. The most suitable and commonly used fibers in engineering structures are 

synthetic fibers because of their enhanced mechanical properties and stable nature. Different fibers have been 

considered, along with their mechanical properties. It has been observed that manmade fibers typically have 

higher tensile strength and elastic modulus compared to natural fibers, making them preferable for use in 

structural applications. 

A set of combined fibers interlocked and used for sewing, weaving, or knitting is called yarn. A single 

yarn (filament) typically has a diameter of 5–30 µm and, when combined in thousands, is called roving. The 

major issue with using textiles directly as reinforcement is their poor bonding in concrete. To improve the 

bonding of yarns in concrete, three manufacturing techniques have been developed: cabled, friction-spun, and 

commingled yarns [15]. 

Fabric is a combination of a group of yarns. They are classified based on the manufacturing procedure, 

namely woven, nonwoven, and knitted. Woven fabrics are produced by weaving a set of yarns interlaced 

perpendicularly. The yarns that run along the length of the fabric are known as warp yarns, while those on the 

other side are called weft yarns. For construction applications, leno-type fabrics are used, whereby two sets of 

warp yarns are twisted around the weft yarn to form a grid-like structure. It is common to find textile fabrics 

woven in the form of a mesh, with specific mesh sizes in the warp and weft directions. The presence of a mesh 

increases the bond between the concrete and the textile, thus increasing the overall structural strength. Mesh 

sizes between 5/5 and 10/10 mm (warp/weft directions) are commonly used in structural applications (for 

example, [16-18]. 
Three types of materials are mainly used as textile reinforcement, namely carbon, AR glass, and basalt. 

Carbon textile is abundantly used in TRC. The properties explaining its frequent usage include its high ductility, 

tensile strength (1100–4000 MPa), and Young’s modulus (150–235 GPa). Commonly used mesh sizes are 5/5–

8/8 mm (warp/weft directions). This material is widely used in shells, slabs, and most structural applications. 

The next most widely used fiber in TRC is AR glass textile. It has a tensile strength of 120–790 MPa and a 

Young’s Modulus of 30–40 GPa, and it is less ductile than carbon fiber. Commonly used mesh sizes are 5/5–

10/10 mm. Based on the mechanical properties, this material is limited to secondary structural applications such 

as facade panels, formwork, and non-load-bearing partition walls. The fiber least commonly used in TRC is 

basalt. This material is always used with coated resins because of its low mechanical properties in comparison 

with the other available fibers. The tensile strength of basalt (with coating) ranges from 490 to 890 MPa and its 

Young’s Modulus ranges from 28 to 45 GPa. Commonly used mesh sizes are 5/5–25/25 mm. This material is 

one of the more sustainable alternatives and is used in riverbanks (bunds) and nonstructural elements. 

A comparison of the stress-strain relationship of steel and carbon textile mesh reinforcements is shown 

in Figure 1 [19]. Steel reinforcement yields at a stress of fs,y corresponding to the strain of εs,y (approximately 
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0.3%). Upon yielding, the steel undergoes significant ductility until it fails at the ultimate stress and strain of fs,u 

and εs,lim, respectively. In comparison, carbon textile reinforcement has a lower initial stiffness compared to 

steel, up to the strain of εt,1. An increase in stiffness occurs beyond εt,1 as the yarns elongate. Brittle failure 

occurs once the ultimate limit strain εt,lim has been reached, which prevents the widespread use of textile 

reinforcement. 

 

 
Figure 1. Tensile behavior of steel and carbon textile reinforcements [56]. 

 

Coatings 

When filaments are bundled, microscopic gaps are formed between the fibers that cannot be penetrated 

by the cement matrix, causing a nonhomogeneous textile-cement composite. Due to this, only the outer end 

filaments will be strained, resulting in the straining of only 35% of the roving capacity [20]. To overcome these 

effects, the textiles are coated to stabilize the inner structure of the filaments, ultimately increasing their tensile 

strength. By coating the textile reinforcement, the load can be transferred more homogeneously among the 

filaments that enhance the load-bearing capacity, producing a smoother response to loads [21]. 

Coatings such as epoxy resin or styrene-butadiene have shown encouraging results in terms of tensile 

stress and maximum ultimate strain. Epoxy resin is generally used for planar members or molded 

reinforcements such as facades and web reinforcement for T-beam bridges [22,23]. Meanwhile, rolled-up 

sections such as temporary reinforcements used for renovations are produced using styrene-butadiene as the 

fiber coating. Experimental work was carried out by to compare the effect of coatings (epoxy resin and styrene-

butadiene) on two different fiber materials, namely AR-glass and carbon, in terms of the load-carrying capacity 

and stress-strain behavior. The results showed that the fibers coated with epoxy resin achieved considerably 

higher tensile strength compared to those coated with styrene-butadiene. Researchers have coated the textile 

surface with sand to increase the bond strength and ultimately increase the bearing strength of the element [24]. 

Based on the extensive literature review, carbon fiber mesh with an epoxy coating is the most common 

type of fiber reinforcement used for structural applications due to its high tensile strength. AR glass with a 

coating is also widely used in non-load-bearing structural elements as it is cost-effective and shows good 

bonding behavior with concrete 

 

Cement Matrix 

The cement matrix for TRC comprises binders, fine-grained aggregates, and a low water-to-binder 

ratio. The matrix has to be designed to be physically and chemically compatible with textile reinforcement. 

When choosing the binding material, the main parameters 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 [25], (v) the production process [26], and (vi) low shrinkage and creep [27]. The 

rheological properties of concrete (incorporated with textile reinforcement) are enhanced by various 

compositions of the cement-based matrix. The most frequently used binder content for TRC is 40–50%, with a 

water-to-binder ratio ranging from 0.29 to 0.40. An increase in binder content improves the bonding of mortar 

with reinforcement. The grain size ranges from 1 to 2 mm, depending on the mesh size of the reinforcement 

used. 
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The addition of pozzolans in the cement matrix increases its alkalinity. However, there are no concerns 

in maintaining the pH balance as the textile used in TRC is alkali-resistant [28]. The mineral admixtures often 

used in TRC include fly ash, micro silica, and metakaolin. Due to their small particle size and highly pozzolanic 

reactivity, these materials improve the bonding and mechanical performances. Durability is ultimately improved 

due to their lower permeability. A substantial replacement of cement with fly ash increases the dicalcium silicate 

(C2S) content, which leads to an increase in carbonation. 

The hardened concrete properties are assessed based on mechanical behavior during compression and 

tension. The typical application of TRC demands special concrete that is more durable, more ductile, and 

stronger than normal concrete. Based on the literature, the typical compressive strength used in the cement 

matrix is 50–60 MPa for structural applications (for example, [29]). A higher strength of 120 MPa has also been 

used for filigree construction and bearing applications in architecture [30]. 

 

Cost Analysis 

Similar to conventional reinforced concrete, the production cost of TRC-fabricated elements depends 

on the fiber used, the type of structural application, and the labor costs. For instance, if a structure is designed to 

resist major chemical attacks, then high-strength fiber (with high-cost carbon) should be selected as 

reinforcement. In addition, polymer-based coatings are also applied, which increase the overall cost. For normal 

applications such as shells and facades, low-cost textiles (basalt or glass fibers) can be used [31]. 

The concrete cost will also vary depending on the type of structural application. For instance, when 

constructing a traditional reinforced concrete flat slab, grade 30 concrete is used (fck = 30 N/mm2). If TRC is 

used instead, a self-compacting concrete of grade 45 (fck = 45 N/mm2) is required to avoid vibration during 

material placing. Even though TRC requires higher concrete strength, a slender section can be designed that 

reduces the overall material cost compared to that of conventional concrete. In addition, the concrete used for 

TRC possesses high workability, which reduces the labor cost, based on the simplified placement of textile mats 

and the ease of concrete casting when self-compacting concrete is used. Moreover, the time-dependent costs, 

such as those of equipment and scaffolding, can be minimized using TRC [32]. 

 

Composite Behavior of TRC 

As the TRC is to be applied as a structural member, the mechanical properties of the material must be 

studied to ensure they are behaving as a composite member. TRC has been tested for its tensile and flexural 

behaviors as a composite and in the shape of a sandwich element. 

 

Tensile Behavior 

To assess the tensile behavior of TRC, uniaxial tensile tests have been performed using a static 

hydraulic testing machine at a constant rate of displacement [33]. To date, there is no specific handbook on the 

testing procedure and shape of the specimen. The general rectangular-shaped specimen is clamped onto the test 

setup using steel fixtures, which act as mediator for tensile load application. The specimen is divided into three 

zones: loading, transition, and testing. LVDTs are fixed at the center to assess the tensile strain at a certain 

gauge length, while the load is applied at a constant rate until failure. A standard test method of determining the 

tensile strength is recommended to assess the stress-strain curve for the design of the TRC element [34,35]. The 

tensile test is carried out in a controlled mode by crosshead displacement at a strain rate of 2 milli-strain per 

min. The major findings from this test setup include the stress-strain relation, crack pattern, type of failure, and 

maximum stress of the cross-sectional area. 

Other test setups and procedures to evaluate the properties of TRC were summarized by [36]. It has 

been found that different test setups for bond strength have yielded varying results, which shows the importance 

of considering the anchorage length in such tests. For example, dumbbell-shaped specimens were proposed by 

[37] to avoid failure at the specimen ends. The research by [38] discovered that the increase in textile layers at 

the end anchorage zones will improve the load distribution. 

The failure pattern of TRC has been classified into three states based on the study by [39]. In the first 

state, the TRC sample shows similar properties to those of reinforced concrete without cracking, and the curve is 

linear. After the first crack (fcr) occurs, the sample passes into the second state (II), in which multiple cracks 

form. As a result, an almost horizontal plateau develops in the stress-strain curve due to the low stiffness. When 

the sample reaches the ultimate load (state III), brittle tensile failure in textile-reinforced concrete is observed. 

The deficiency in anchorage length could lead to pull-out, resulting in premature failure before the ultimate load 

has been reached. 

To explain the tensile behavior of TRC at the microscopic level, [40] developed a probabilistic 

approach. The tensile response is observed at three levels, namely the filament, crack bridge, and direct tensile 

tests. By combining these levels as a single model, the tensile and bond behaviors based on the stress 

distributions of TRC can be determined. 
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Flexural Behavior 

Most TRC applications are geared toward tension members, whereas in members such as shells and 

facades, failures have been observed in bending. Based on the literature review, the flexural strength of the TRC 

elements has been determined through test setups similar to those used for normal structural panels, slabs, and 

beams under three-point and four-point loadings. Due to the far thinner nature of TRC, it could sustain a smaller 

flexural load, while care must be taken to ensure the failure mechanism could be observed and monitored 

appropriately. 

To assess the bending capacity of the TRC elements, researchers have tested TRC plates and slabs, 

sandwich panels [41-44], and I-beams under bending tests. In a number of these tests, the effects of parameters 

such as the type of textile and the number of textile layers on the bending capacity were investigated. Similar to 

the tensile test, the usage of carbon fiber yields high flexural strength and ductility, while the energy absorbed 

by TRC increases with the number of textile layers. In addition, [45] reported that the bending capacity of TRC 

can further be increased by pre-stressing the textiles. The study proves that by pre-stressing the textile, the first-

crack load capacity increased by 85% compared to that of the conventional placing. 

 

Bond-Slip Relations 

When elements are fabricated as TRC, either the concrete or textile reinforcement tries to slip out of the 

matrix, depending on the load concentration, and residual stress develops because of this. Most of the literature 

suggests that this type of TRC failure is generally observed in the anchorage zone, as the stress concentration is 

extensive at that location [46,47]. The bond in TRC is primarily dependent on the properties of the textile 

(material and geometry) and cement-based matrix (concrete strength), which also influence the strength, 

ductility, and behavior of the composite. 

Quantifying the bond-strength relationship is important as a strong bond between the fiber and the 

concrete matrix leads to an increase in the overall composite strength and ductility. Weak bonding, on the other 

hand, causes premature failure in terms of fiber pullout. To enhance the strength and toughness of the TRC 

composite, fibers with high strength and elastic modulus are utilized. Many experimental and analytical 

investigations have been performed to characterize the bond between the fiber and the cement-based matrix 

[48,49 ]. 

 

Experimental Method 

Determining the bond strength of TRC is usually performed through experimental testing of TRC 

plates under tensile force. Generally, the bond-slip of rebar within the concrete is determined by a direct pullout 

test, based on the RILEM (Reunion Internationale des Laboratoires et Experts des Materiaux) recommendation 

and ASTM 234-91. For TRC, the conventional bond length setup cannot be used, due to the small fiber diameter 

(less than 2 mm). Banholzer adopted a similar technique to the pullout test of steel reinforcement to find the slip 

rate of the textile. For testing, one end of the fiber was embedded in concrete (50 mm) and the opposite end was 

embedded in an epoxy resin block (30 mm). The results obtained on a single yarn were unable to satisfy the 

actual bond-slip behavior, due to premature failure, where strand yielding occurred before the ultimate load was 

reached. To overcome this, [50] developed a double-sided notched plate by performing a pullout test on the 

textile to introduce direct force on the yarn embedded in concrete. The bond length (tested) and anchorage 

lengths were 20 mm and 100 mm, respectively. According to [51], when using uncoated textiles, an anchorage 

length of more than 100 mm is recommended to overcome yarn crack. 

In the earlier tests, the effect of anchorage length has not been emphasized, leading to unreliable results 

in these studies. To overcome this, tested TRC with different anchorage lengths and discovered that the 

maximum force and the deformation increased with a longer anchorage length. The pullout test estimated the 

slip development while ignoring the effect of the transverse yarn. The details of different pullout tests have been 

determined whereas the types of testing have been identified. 

Other test methods have been developed, for example, one-sided and two-sided pull-out tests, to 

determine the pull-out force-slip curve of TRC specimens. In any pull-out test, the setup should ensure that no 

eccentricity is introduced, due to sample misalignment. From the literature, a minimum anchorage length of 

100–125 mm is recommended to ensure the adequate development of the stress in the member. The minimum 

thickness of the testing plate should be not less than 6 mm and the rate of loading is recommended as 1 mm/min. 

 

Analytical Models 

Analytical models for the evaluation of the bond-slip relation have been developed by, and these have 

been compared with the experimental work. The relationship between the applied load and the failure process of 

the strand has been evaluated analytically, based on the load-displacement and the active filament-displacement 

relations. 
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Carozzi [52] developed the tri-linear relation of the bond-slip using the compatibility equation of the 

yarn. This expression accounts for the shear stress distribution at various loading stages and includes effects 

such as friction phenomena. In stage I, the yarn is bonded to the matrix, so the shear stress at the yarn-matrix 

interfacial zone increases proportionally to the yarn displacement, with a maximum slip of umax. As the shear 

stress attains the maximum limit, softening stage II begins and the stress decreases proportionally to the yarn 

displacement until the slip reaches u0. In stage III, the shear stress becomes constant and is equal to friction τ0, 

as shown in the figure. This relationship has been found to be in good agreement with the experimental work, 

based on different boundary conditions. 

The tri-linear stress-strain relation for TRC was addressed and modified by, based on the experimental 

data from, to better explain the debonding process in the TRC member. The relationship was developed through 

an inverse approach using finite element analysis. A nonlinear structural model based on the vibrational 

principle of potential energy and the compatibility relation was developed [53]. The structural responses were 

evaluated numerically for the uniaxial loading with varying boundary conditions, using the constitutive and 

compatibility relations of the fiber and concrete. This model was found to be applicable under various testing 

conditions such as tensile uniaxial loading tests, as well as one-sided and two-sided pull-out tests. Based on the 

analytical and numerical relationships developed for the bond-slip, the effect of parameters such as anchorage 

length, material, and concrete properties could be easily investigated. 

 

Applications of TRC as Structural Members 

The applications of TRC are mainly in thin and flexible structures such as sandwich panels [54], domes 

[54], barrel vault shells, and hypar roof structures [55,56]. Other researchers proposed more interesting uses, 

such as a sandwich beam [57,58] and a load-bearing pedestrian bridge. The possible applications of TRC as 

load-bearing structural components are numerous. However, more research is needed in the numerical modeling 

of this material, as different failure modes could be obtained if different modeling approaches are used. 

In facades and exterior cladding, TRC walls are made to be non-load-bearing (axially); however, they 

are designed for the out-of-plane wind loading. Depending on the applications, the walls are very slender, with a 

thickness of around 20 to 50 mm. To connect between the outer TRC panels and the insulation core, proper 

connectors must be designed to ensure efficient shear transfer between the wythes. A detailed analytical method 

to identify the load-deflection behavior of TRC sandwich panels in bending was developed by [59], with the aim 

of enhancing the axial and flexural rigidities of the TRC facings developed by [60]. 

The testing on sandwich panels from the available literature have been determined, whereby the 

bending capacity is influenced by the number of textile layers and connectors used. The most commonly used 

core material is polyurethane, while the fibers used in sandwich panels are AR glass and carbon fiber coated 

with resins and with a maximum mesh size of 10 mm. The external thickness of TRC is usually similar for the 

top and bottom panels, to ensure symmetrical bending behavior [61-66]. Due to the non-load-bearing nature of 

this element, a lower concrete strength (25 to 35 MPa) will be sufficient for its application. However, a higher 

concrete strength will yield higher bending capacity and maximum displacement. As this was one of the first 

applications of TRC, the research on sandwich panels is vast and many experimental parametric studies have 

been conducted. 

The applications of TRC in prefabrication are extensive and many prototypes have evolved such as 

rhombic lattice structures, shell elements, integrated formwork elements, and bridge components. A TRC bridge 

was constructed over the Döllnitz river, with a span of 8.66 m and a width of 2.50 m, providing a path for 

pedestrians and cyclists. The structure consists of a 30 mm-thick shell reinforced with four layers of AR-glass 

textile fiber with a yarn spacing of 10.8 mm in both directions (Figure 3a). The load test conducted on this 

bridge revealed that the buckling and bending were within the allowable limits. 

 

 

 

https://www.mdpi.com/2075-5309/12/4/474#buildings-12-00474-f015


Role of textiles in structural engineering 

101 

                         
Figure 3. Applications of TRC as structural member (a) cross-section of textile-reinforced concrete bridge [3], 

and (b) TRC as shell element. 

 

A bicycle roof stand made of four prefabricated cylindrical vault shells (thickness of 20 mm, length of 

4.40 m, and width of 2.14 m each) was constructed at RWTH Aachen University. The shells were constructed 

using the lamination procedure. The cross-section contained six layers of carbon fabrics with a spacing of 8.3 

mm. The structural behavior of these shells was assessed using a numerical approach (the anisotropic damage 

model) and compared with the experimental results as shown in Figure 3b. The experimentally obtained 

ultimate load of a shell element weighing 4 kN was 98 kN, revealing the structural redundancy of 57% with 

respect to the linear ultimate limit state assessment. These tests provide valuable data for the validation of the 

numerical models that are suitable for carbon concrete composites with finely distributed textile fabric 

reinforcement. 

Generally, it has been found that the traditional applications of TRC (architectural purposes, facades, 

and sandwich panels) did not utilize the structural capacity of the member. Attempts to use TRC as a load-

bearing structure have been resisted due to the limited understanding of its behavior. With the increasing 

experimental and numerical works on the unconventional uses of TRC, it is hoped that this material will become 

widely used and accepted in codes of practice around the world. 

 

III. Perspectives for the future 

Textile-reinforced concrete (TRC) is a form of reinforced concrete, in which steel bars are replaced 

with textile fibers. TRC can be used in retrofitting and to create small components such as panels. Based on the 

existing literature, certified testing procedures and approval for TRC as a structural element is currently 

unavailable. 

In this paper, the current trends and advances in TRC are discussed in terms of four main areas: the 

material properties, composite behavior, bond strength, and applications. Based on an extensive literature 

review, studies on TRC appear to be dominated by two countries, China and Germany. Most publications on 

TRC focus on investigations of the material properties and its composite behavior, showing that many areas are 

yet to be explored. Based on this study, the following conclusions and recommendations are suggested in each 

research area. 

 

 Material Properties of TRC 

Textile fiber such as carbon and AR glass has been the material of choice for TRC in structural 

applications. Despite their higher cost, these fibers are non-biodegradable and have a high tensile strength and 

stiffness. This, coupled with the usage of coatings, would improve the strength and stiffness of the material 

significantly. The known disadvantage, however, is the textile mesh size, which forces the grain size to be 

limited to 2 mm in the cement matrix and thus demands a highly durable, ductile, and high strength mix. This 

forces the TRC elements to be used as special elements rather than in conventional applications. In addition, the 

durability performance of TRC under long-term loadings has not been studied, causing the application of this 

material to be limited. 

Fibers as reinforcement are known to be stronger and more brittle than steel. Therefore, their usage is 

somewhat limited as the required ductility under extreme loading is not provided. Methods of improving their 

deformation capacity could be explored by improving the textile and using more ductile engineered 

cementitious materials. The capability of such materials to absorb dynamic loadings could also be studied for 

their potential applications in such areas. 

https://www.mdpi.com/2075-5309/12/4/474#B3-buildings-12-00474
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Composite Behavior of TRC 

The composite behavior of TRC was investigated through two main aspects, its tensile and flexural 

strengths. Testing methods similar to those used with conventional concrete plates have been used to test TRC. 

However, due to its far lower strength and deformation capacity, proper test setups and instrumentations must be 

ensured so that the desired output can be obtained. Currently, there is a lack of standardized testing procedures 

for TRC members, so extensive research is required to develop a standard tensile test method that incorporates 

anchorage length, size of sample, rate of loading, and test setup, among other factors. 

In most of the literature, the textile mesh is oriented parallel to the direction of loading because of 

higher strength in this direction. To improve the overall strength of TRC, different orientations of the textile 

could be proposed and tested. The addition of short fibers in TRC significantly improves the tensile strength and 

strain of the element. An increase in textile layers at the anchorage zone could improve the distribution of load. 

This would reduce the risk of premature failure before the attainment of the ultimate load. 

Based on the flexural testing of the TRC element, its bending capacity is far smaller compared to that 

of conventional steel-reinforced plates. This is mainly due to the slenderness of TRC, which means it is used as 

a nonstructural sandwich section. Further studies are essential to enhance the bending capacity of TRC to make 

it applicable as a primary structural member. 

 

Bond-Slip Relations 

The bond-slip behavior of TRC is important to ensure the components behave as a composite element. 

An adequate bond between the textile and the surrounding concrete improves the strength and deformation 

capacity of the member, avoiding premature pull-out failure. The bond-slip relation has been investigated using 

experimental and analytical methods. 

Experimentally, the bond strength can be determined using the basic one-sided and two-sided pull-out 

tests. The result is highly dependent on an adequate anchorage length being provided during the test, which is 

recommended to be 100 to 125 mm. These experimental works have been used to develop and improve the 

analytical bond-slip relations. From the bond-slip analysis results, it was concluded that with an increase in the 

embedded length, the maximum force increases, leading to larger deformation, while failure is caused by the 

rupture of yarns. 

Currently, there is a lack of literature on numerical modeling, specifically to provide the input 

parameters in the bond stress-slip relationship from the interaction phase of macro-scale modeling. The current 

challenge is to simplify the numerical model to describe the complex behavior of the composite, by 

incorporating the bond between the concrete and textile reinforcement. 

 

Applications of TRC as Structural Elements 

At present, TRC is widely used for nonstructural elements such as exterior claddings and facades, with 

ongoing research on its use in sandwich panels. Ample prototypes (shells, bridges, and rhombic lattice models) 

have been recently developed, but they have limited practical application due to the complex design procedures. 

In addition, the absence of standards for manufacturing and testing contributed to a lack of confidence that such 

a material can be implemented as a structural element. 

If the current challenges are addressed, the modeling of complex elements such as TRC shells, bridges, 

and decks will be simplified, ensuring wider applications of this material. 
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