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Abstract: This paper aims to provide a review of the current literature on the durability of textile-

reinforced concrete and mortar (TRC/TRM) composites. Most previous studies have focused on the 

role of chemical attacks, freeze-thaw conditions, and high temperatures on the mechanical perfor-

mance of these composites. Information on the long-term performance of TRCs under synergistic 

action of mechanical and environmental loads is scarce. Considering the variety of fabrics and ma-

trices used for the production of TRC composites, the existing data are still very limited and com-

prehensive studies are needed in this field. Additionally, due to the lack of standard procedures, 

different approaches are often followed for durability or post-ageing mechanical tests, or sufficient 

data on the curing and post-ageing preparation procedures followed are not provided. These have 

led to incompatibility of the existing data and in some cases contradictory results on the durability 

of these materials. 
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1. Introduction 

A growing body of research has been devoted to understanding the mechanical re-

sponse and properties of textile-reinforced concrete (TRC) composites (also referred to as 

textile-reinforced mortar (TRM) or fibre-reinforced concrete matrix (FRCM) in the litera-

ture) [1,2]. These composites are made of continuous fabrics embedded in an inorganic 

matrix (e.g., cement-based or lime-based mortar) and can show a pseudo ductile response 

with a high tensile strength when designed appropriately. This makes these composites 

suitable for the development of novel thin structural components or for the strengthening 

of existing masonry and concrete structures [3–7]. A disadvantage is that a large portion 

of this ductility (or crack development) occurs at service load levels (after mortar crack-

ing), thus threatening the reliability and durability at ultimate limit state loads. The addi-

tion of short fibres, additives or fibre with different sizing and coatings to the mix design 

can help in addressing this disadvantage to some extent [8], but further investigations in 

this field are still needed. The current understanding of the mechanical response of these 

composites is reaching an advanced stage, but existing knowledge on the long-term per-

formance and durability of these composites is still limited [9]. 

Durability is defined as the ability of material or components to resist loads without 

failure during their service life [10]. For the structural application of TRCs, long-term 

strain capacity, transport properties (in both cracked and uncracked states) and resistance 

to aggressive environments are the most critical durability indicators [10]. It is generally 

believed that TRCs show better durability than conventional reinforced concrete [8]. How-
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ever, there is still a lack of sufficient experimental or field evidence for this debate. Con-

sidering the variety of existing textile and matrix types, the durability of TRCs is also ex-

pected to vary significantly, hence the need for comprehensive investigations in the com-

ing years. The service cracking pattern and width can have a significant influence on the 

long-term performance of TRCs. As a criterion, limiting the crack widths to less than 50 

μm is suggested to avoid penetrating deteriorating materials into TRC composites [8]. 

A growing number of publications can be found in the literature on the evaluation of 

the durability of TRC (and TRM) composites. These studies are mainly focused on the 

effect of chemical attacks, freeze-thaw cycles, or high temperatures on the mechanical re-

sponse of TRC composites. Aiming at highlighting the gaps in this field and uncertainties 

on the existing data, a brief overview of these studies is presented in this paper. 

2. Durability 

2.1. Chemical Attack 

The existing literature mainly focuses on the influence of alkaline, saline, and acid 

solution attack on the mechanical properties of TRC composites [11–20], as presented in 

Table 1. 

Table 1. Summary of literature on chemical attack. 

Ref. Fibre Matrix Standard 
Method-

ology 
Solution Duration 

Post-Exposed 

Tests 

[13] 
carbon and 

PBO* 
cement AC434 

immer-

sion 

saline 

(ocean) 1000 and 3000 h 

at 22 °C 

tensile and 

pull-off alkaline 

(Ca(OH)2+NaOH+KOH, pH > 12.5) 

[11] glass 
HPC ce-

ment 

JSCE-E 

549-2000 

immer-

sion 

alkaline 

(10% NaOH, pH = 13) 
1440 h tensile 

acidic 

(10% H2SO4, pH = 0.2 to 3.4) 

[14] 

E-glass, AR-

glass**, car-

bon, basalt, 

PBO, steel 

- 

ASTM 

E2098 

ETAG 029 

immer-

sion 

alkaline 

(16% Ca(OH)2, pH = 12.6) 

(16% Ca(OH)2 + 1% NaOH + 1.4% 

KOH, pH = 13) 

(0.2% KOH, pH = 12.5) 

(5% Ca(OH)2, pH = 14) 

168, 720, 1440, 

2160 and 4320 h 

at 20 and 45 °C 

tensile 

[12] 

hybrid fab-

ric (carbon 

and E-glass) 

concrete 
GB/T 

50082-2009 
wet–dry 

saline 

(5% NaCl) 

90, 120 and 150 

cycles (each cycle 

includes 12 h wet 

and 12 h dry) 

pull-out and 

flexural 

[15] AR-glass lime 
ASTM 

D7705 

immer-

sion 

saline 

(3.5% NaCl) 

1000 h at 60 °C 

single-lap 

wet–dry 

10 cycles (each 

cycle includes 2 

days wet and 2 

days dry at 60 

°C) 

[16] carbon 
cement, 

lime 

RILEM MS 

A.1, 1998 
wet–dry 

saline 

(10% Na2SO4) 
11 cycles pull-off 

[17] AR-glass 
hydrated 

and air lie 
- 

immer-

sion 

saline 

(3.5% NaCl) 1000 h at 23 °C tensile 

alkaline 
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(NaHCO3, pH = 10) 

[18] carbon pozzolan - 
immer-

sion 

saline 

(3.5% NaCl) 

1000 hrs tensile 
alkaline 

(NaHCO3, pH = 10) 

acidic 

(HCl, pH = 2.5) 

[19] steel 
lime and 

cement 
- wet–dry 

saline 

(2% NaCl+ 8% Na2SO4.10H2O) 

Six cycles (each 

cycle includes 2 

days wet by ca-

pillary and 3 

days dry at 60 

°C) 

single-lap 

[20] AR-glass cement 
ASTM 

D1141-98 

immer-

sion 

saline 

(2.45% NaCl+ 0.41% Na2SO4) 
1000 h at 40 °C tensile 

alkaline 

(4% NaOH, pH = 13) 

*PBO: polyparaphenylene benzobisoxazole 

**AR-glass: Alkali-resistant glass 

Due to the lack of well-established standard procedures, various procedures have 

been followed, including immersing samples in a solution under different temperatures 

or concentration level or subjecting them to wet–dry cycles. Most studies have considered 

the role of alkaline environment, and only a few studies can be found on the effect of saline 

or acidic environments. In most studies, tensile tests are used to evaluate the changes in 

mechanical performance after exposure [11,13,17,18,20], and flexural tests [12] or the fibre-

to-matrix bond tests [12] are the least popular. A few studies have also considered the 

changes of the bond strength between TRC as a repair material and a substrate (concrete 

or masonry) through pull-off [16] or single lap shear tests [19]. 

Carbon and glass are the most common studied fabrics, and less attention is given to 

steel, basalt, PBO or natural fibres, which are of most interest in strengthening applica-

tions. The type of fibre and coating used plays an essential role in the residual mechanical 

performance of TRC/TRMs, but the existing information in this field is still limited. Car-

bon fibres are generally considered the most resistant to chemical attack [8,13,14,18,21] . 

Steel fibres are durable under alkaline conditions [14] but can corrode under saline envi-

ronments [19]. Glass and basalt fibres are the most susceptible to alkaline environments 

and for this reason have been the subject of most existing studies. Application of alkali-

resistant coatings is often considered for enhancing the performance of these fibres to al-

kaline environments [14], but this leads to a significant increase in their price. It is known 

that coating E-glass (usually with Zirconium dioxide to produce AR-glass) helps in im-

proving the resistance of glass fibres to alkaline environments [11,14,22]. However, the 

scientific evidence on the efficiency of the existing coatings is still limited, and few studies 

can also be found showing the susceptibility of proposed coating materials  [23]. Addi-

tionally, different studies have used different alkaline solutions (pH levels), which makes 

comparison between different databases complicated. As for the matrix, most studies 

have focused on ordinary cement-based matrices, and fewer studies are available on 

blended cements, novel low-carbon cements or lime-based mortars. 

The experimental results are sometimes contradictory. In some cases, an improve-

ment of the mechanical response (tensile strength) is reported after exposure to saline and 

alkaline conditions, which is attributed to continuous hydration of the matrix after 28 days 

[13], while others reported deterioration of the mechanical response of cement-based TRC 

[20] even when alkali-resistant glass fabrics [11] or lime-based TRCs (the results also de-

pend on the type of lime-based mortar) [17] were used. The results are also contradictory 



Appl. Sci. 2021, 11, 2771 4 of 10 
 

with respect to acidic solution environments. While some studies show suitable resistance, 

others show a significant vulnerability under acidic environments [11]. The type of me-

chanical tests performed after ageing and the test setups used also have a significant in-

fluence on the obtained results but the available information on this is still very limited. 

For example, while no deterioration of the tensile strength was observed after exposure to 

chemical attacks in some cases, the flexural strength was observed to deteriorate. This can 

be attributed to the role of boundary conditions on the durability test results [14]. The 

vulnerability of bond strength and failure mode to alkaline and saline environments, char-

acterised by pull-off [13,16] or single-lap shear tests [15], also can be highly affected by the 

test setup used. Two critical factors that have not been discussed or investigated yet are 

the role of curing conditions and of post-ageing conditioning of the samples before per-

forming mechanical tests. Additionally, most reported experimental results do not contain 

this information, making analysis and comparison of the data from different labs compli-

cated. 

2.2. Frost (Freeze-Thaw) Attack 

The existing studies on the effect of frost attack on the mechanical performance of 

TRCs [8,10–13,24,25] are summarised in Table 2. 

Table 2. Summary of literature on frost attack. 

Ref. Fibre Matrix Standard Conditions Duration 
Post-Exposed 

Tests Test 

[13] 
carbon and 

PBO 
cement AC434 

−18 °C↔37.7 °C (100% 

RH) 

20 cycles (4 h freezing and 12 h 

thawing) 
tensile 

[11] glass concrete CSN 731322 
−18 °C↔20 °C (im-

mersing in water) 

50, 100 and 150 cycles (4 h freezing 

and 2 h thawing) 
tensile 

[12] 

hybrid fab-

ric (carbon 

and E-glass) 

concrete 
GB/T 50082-

2009 

−18 °C↔5 °C 

immersing in saline 

[5% NaCl] 

50, 70 and 90 cycles (3 h freezing 

and thawing) 

pull-out and 

flexural 

[24] AR-glass cement ASTM C666 
−18 °C↔4 °C (100% 

RH) 

25, 50, 100, 150 and 500 cycles (30 

min freezing and 30 min thawing) 
tensile 

[26] AR-glass cement 
NBN EN 

12467 

−20 °C↔20 °C (100% 

RH) 

50 cycles (2 h freezing and 2 h thaw-

ing) 
tensile 

[18] carbon lime AC434 
−18 °C↔37.7 °C (100% 

RH) 

20 cycles (4 h freezing and 12 h 

thawing) 
tensile 

[16] carbon 
cement, 

lime 
- 

−10 °C↔70 °C (60% 

RH) 

40 cycles (3 h freezing and 3 h thaw-

ing) 
pull-off 

[27] glass lime - 
−20 °C↔25 °C (100% 

RH) 

14 cycles (6 h freezing and 2 h thaw-

ing) 

tensile and flex-

ural 

[28] steel cement ASTM C666 
−18 °C↔4 °C (100% 

RH) 

100 cycles (30 min freezing and 30 

min thawing) 
pull-out 

[20] AR-glass cement - 
−18 °C↔40 °C (100% 

RH) 

40 cycles (12 h freezing and 12 h 

thawing) 
tensile 

[29] AR-glass lime - 
−10 °C↔30 °C (90% 

RH) 

360 cycles (2 h freezing and 2 h 

thawing) 
pull-out 

Freeze-thaw conditions can lead to degradation and reduction of the cracking 

strength of the matrix, deterioration of the bond between the textile and the matrix (either 

due to thermal incompatibility between fibre and matrix or due to expansion of the water 

volume after freezing) and even deterioration of the textile (depending on the presence 

and type of coating). The deterioration level observed is therefore highly influenced by 
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the strength of the matrix, the textile-to-matrix bond, boundary conditions and the expo-

sure conditions (the temperature level, the number of cycles, and the degree of saturation 

of the matrix). Again, due to the lack of well-established standards for evaluating the 

freeze-thaw resistance of TRC composites, various researchers used different protocols 

and number of cycles, which makes performing critical comparisons between different 

experimental databases impossible. The selected mechanical post ageing tests also vary in 

some cases, although tensile tests remain the most popular. 

The results are again contradictory in some cases. A few studies, e.g., [13,18], show 

enhancement of the tensile behaviour under FT conditions, which could be attributed to 

hydration of the matrix, while some show a reduction of the cracking load [11] or the 

tensile strength, flexural strength or fracture toughness [20,24,26,27]. Among these, the 

changes in the textile-to-matrix or TRC-to-substrate was investigated only in a few studies 

[16]. Again, the results are sometimes contradictory, some studies showing the degrada-

tion of the bond behaviour [12], some reported no changes [28] and some reported its 

enhancement [29]. 

The existing data in this field are still very limited, and the role of different parame-

ters, including matrix type, fabric type, fabric configuration, reinforcement ratio, matrix 

thickness, etc., on freeze-thaw performance, is unknown. Again, the role of curing condi-

tions and post-ageing samples conditions and mechanical test setups on the experimental 

observations is not clear. 

2.3. High Temperature 

A summary of previous studies performed on the effect of high temperatures on the 

performance of TRC composites is presented in Tables 3 and 4. These studies can be gen-

erally categorised into two groups: (i) high-temperature vapour exposure or high-temper-

ature immersion tests and (ii) high-air-temperature exposure tests. A brief overview of 

each category is presented next. 

Table 3. Summary of literature on immersion in hot water or exposure to high-temperature vapour. 

Ref. Fibre Matrix Standard Methodology Condition Duration POST-Exposed Tests 

[13] 
carbon and 

PBO 
cement AC434 immersion 37.7 °C 1000 and 3000 h tensile and pull-off 

[26] AR-glass cement 
NBN EN 

12467 
heat-rain cycle 

60 °C↔15 

°C 

50 cycles (each cycle in-

cludes 45 min heat and 15 

min rain) 

tensile 

[30] AR-glass concrete - fog room 40 °C 
672, 1344, 2160, 4320 and 

8760 h 
pull-out 

[31] AR-glass mineral - immersion 50 °C 336, 2160 and 2880 h tensile and flexural 
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Table 4. Summary of literature on effect of elevated temperatures. 

Ref. Fibre Matrix Standard Conditions Duration Post-Exposed Tests 

[32] carbon cement - 100, 150, 200, 400 and 600 °C 120 min pull-out after cooling to 20 °C 

[33] basalt concrete - 
75, 150, 200, 300, 400, 600 and 

1000 °C 
60 min tensile after cooling 

[34] carbon cement - 

20, 80 and 120 °C 100 min tensile after heating 

120 °C 
100 min double-shear after cooling to 20 

°C 60 min 

[35] AR-glass cement - 
20, 75, 150, 300, 400 and 600 

°C 
60 min tensile after cooling to 20 °C 

[36] 
AR-glass 

cement - 100, 300 and 600 °C 120 min pull-out after cooling to 20 °C 
basalt 

[37] 
AR-glass 

and carbon 
cement EN 1363-1 ~850 °C 15 and 30 min flexural test after cooling 

[38] 
E-glass 

cement - 200, 400, 600 and 800 °C 60 min flexural test after cooling 
carbon 

[39] 

PBO 

cement - 20, 100, 150 and 200 °C 180 min single-lap after cooling basalt 

steel 

[40] AR-glass cement - 100, 200 and 300 °C 60 min single-lap after cooling 

[41] AR-glass cement - 
20, 75, 150, 300, 400 and 600 

°C 
60 min tensile at elevated temperature 

2.3.1. Effect of Hot Water or Vapour 

The effect of hot water (<60 °C) or vapour on the mechanical properties of TRC com-

posites was investigated in a few studies [13,26,30,31]. These conditions can lead to differ-

ent deterioration mechanisms. On one hand, hydration of cement can be enhanced leading 

to the formation of CSH phases at the textile-to-matrix interface [30]. Depending on the 

alkalinity of the pore solution and the type of textile and its coating, these hydration prod-

ucts can improve the bond between the textile and matrix or penetrate the filaments caus-

ing damage and reducing the tensile strength [1,3,19]. Immersion in high-temperature wa-

ter or solutions is often used for the characterization of the activation energy correspond-

ing to a certain degradation mechanism (e.g., alkaline attack). However, it should be noted 

that high-temperature moisture or vapour can cause deterioration of the fabric coating 

(especially when epoxy-based coatings are used) and consequently of the composite per-

formance, and this can lead to inaccurate conclusions. 

2.3.2. Effect of Elevated Air Temperature 

Studies on the role of elevated temperatures, which are limited and mostly focused 

on cement-based mortars, can be divided into, see Table 4, (i) studies in which under-

standing the residual mechanical properties after exposure to high temperatures is of con-

cern and (ii) studies in which the objective is to understand the mechanical performance 

of TRC composites under different temperatures. The first category of studies is usually 

performed by exposure of samples to the desired temperatures and for different exposure 

times. After that, the specimens are cooled down to room temperature and then mechan-

ically tested. In the second category of studies, the specimens are tested under the desired 

temperature. These studies are usually followed by exposure of the samples (under 

clamped or unclamped conditions) to the desired temperature and then application of 

mechanical loads while keeping the temperature constant. Again, tensile tests remain the 
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most popular post-ageing characterization test method, and there is a lack of comprehen-

sive studies on the textile-to-matrix and TRC-to-substrate bond response. The considered 

exposure periods and temperature levels also vary significantly. 

It is clear that high temperatures can lead to deterioration of TRC composites [32–42], 

although in some cases an enhancement of the tensile and bond strength is reported up 

until to 150–200 °C [32,33,35,41]. After this point and by increasing the temperature up to 

600 °C, the TRC degradation signs were revealed because of the coatings thermal decom-

position and the dehydration of the matrix [33]. Additionally, it was reported that the high 

temperature can lead to a change of failure mode; textile degradation; and degradation of 

the textile-to-mortar interface [36,39,40]. 

3. Factors Influencing the Durability and Mechanical Performance  

3.1. Short Fibres 

There is a growing body of literature that recognises the importance of adding short 

fibres to TRC composites. It is known that adding short fibres can enhance the cracking 

strength, crack patterns, crack spacing and mechanical performance of mortar [5,13,26], 

but in the case of TRCs, the field is still very limited. The vast literature in the field of 

strain hardening composites can be used in this field to enhance the service performance 

of these composites. Among the few existing studies, it has been observed that short fibres 

can reduce the transport properties and shrinkage of concrete [43]. Resistance against frost 

attack or high-temperature has also been reported to be improved [41] when fibre volume 

fraction is at an optimum level as high volumes of short fibres can adversely affect the 

viscosity of concrete, the distribution of fibres in the matrix, the workability of concrete, 

and its porosity [44,45]. Further investigations on the optimum amount of fibres to be 

used, the type of fibres and its effects on mechanics and durability of TRC composites is 

needed and proposed for future studies. 

3.2. Additives  

The matrix of TRCs usually consists of cement, fine grade sand, water and plasticis-

ers. Due to the lack of coarse aggregates, the cement content in the matrix is usually higher 

than conventional concrete for achieving the same concrete class. Replacement of cement 

with mineral additives such as silica fume, fly ash and metakaolin has naturally been con-

sidered in some studies [8], but research in this field is still limited. The water-binder ratio, 

which can play an essential role on the durability of the matrix and the composite system 

[8,10,12], is also usually higher in these composites (to enhance workability). The addition 

of fly ash, metakaolin, silica fume and blast furnace slag can reduce the alkalinity of the 

cement pore solution [8] or enhancement of the self-healing properties [46], thus enhanc-

ing the durability of glass-based TRCs against alkaline corrosion. Mobasher et al. [47] 

showed the addition of fly ash (60% replacement with cement) and 5% silica fume could 

enhance the mechanical properties of AR-glass TRCs by increasing the density of the ma-

trix and decreasing the calcium hydroxide at the interface transition zone [47]. Silica fume 

addition has an apparent effect on the strength and permeability of the matrix [5,13,32,33]. 

A combination of Metakaolin and fly ash was also found to have a significant influence 

on the long-term durability of TRCs [30]. 

3.3. Sizing and Coating 

Sizing is added to the filament/fibre surface during the spinning process to reduce 

the damage potential during processing and handling and improve the fibres tensile effi-

ciency. After sizing, the filament, bundle and fabric surfaces can be coated [8]. There is a 

large and growing body of literature investigating the effect of sizing and coating on the 

mechanical performance and durability of TRCs [48–53] . The existing literature is still 

limited but shows sizing and coating could improve the bond between filaments and in-

crease load-bearing performance [5,38,39]. The type of coating (e.g., epoxy, micro-sized 
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silica or nano-sized silica) could also significantly influence the bond and mechanical 

properties of TRCs [53]. The coating can also affect the transport properties of TRC com-

posite, hinder the chemical attack of the fabric in the alkaline environment, maintain the 

fabric’s properties during the service life [5,38,39,54], affect the thermomechanical behav-

iour of TRCs [13,32,37] or reduce the deposition of hydration products between the fila-

ments [10]. 

4. Conclusions 

This paper aimed to provide a review of the existing literature on the durability of 

textile-reinforced concrete and mortars (referred to as TRC, TRM or FRCM in the litera-

ture) under aggressive environmental conditions. Overall, the following observations are 

made: 

 The existing data on the durability of TRC composites, although growing, remains 

limited. Most previous studies have focused on chemical attacks, freeze-thaw and 

high-temperature effects. The role of the synergistic action of mechanical and envi-

ronmental loads remains very poorly addressed. Considering the variety of existing 

textile and matrix types, the durability of TRCs is expected to vary significantly, 

hence the need for more comprehensive investigations in this field. 

 Due to the lack of standard durability test methods, different test procedures or en-

vironmental conditions are often followed by different researchers. As a result, some 

of the existing data are not comparable. Additionally, the reported data often lack 

sufficient information on the procedures followed especially the curing conditions 

and period (especially important when lime-based mortars are used) or the prepara-

tion procedure followed after environmental exposure and before performing the 

post-ageing tests (e.g., were the tests performed immediately after exposure or after 

a while. If latter was followed, how this was controlled). 

 In most of the previous tests, tensile tests are used as a macro mechanical characteri-

zation method to evaluate the changes in performance after exposure to environmen-

tal conditions. Micro-mechanical test data (e.g., pull-out test results) are still very 

scarce but needed for better understanding the underlying deterioration mecha-

nisms. In tensile tests data, sometimes different test setups are used making the re-

sults incomparable. Additionally, the results from tensile tests do not have good re-

peatability and are not representative of the actual field behaviour in many cases (this 

also depends on the gripping mechanism used). To consider these factors, flexural 

tests are suggested to be considered for future studies. Flexural tests are simple to 

perform and have better repeatability. The round-robin tests planned in the frame-

work of the RILEM TC 20-IMC is expected to address a significant part of these con-

cerns. 
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