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Textile reinforced concrete (TRC) was prepared from high-alumina cement mixed with short-cut basalt fiber or steel fiber 
for the objective to analyze the mechanical performance and deterioration mechanism at high temperature. The results 
show that the high-temperature resistance of TRC matrix concrete can be improved by adding steel fibers and basalt fibers, 
but the compressive strength of concrete decreases with the increase of temperature in a quadratic parabolic law, while the 
flexural strength decreases in a linear law. The addition of basalt fiber significantly improves the bending bearing capacity 
of the TRC plates. In comparison, the addition of steel fiber significantly improves the flexural strength of TRC thin-plates 
above 600 °C. The scanning electron microscopy indicates that when the temperature surpasses 600 °C, the addition of 
basalt fiber and the steel fiber surface are significantly damaged by high-temperature deterioration. The deterioration of the 
mechanical performance of TRC thin-plates at high temperatures is caused mainly by changes in the chemical composition 
of the concrete matrix, deterioration of the fiber and damage of the bonding surface. The results obtained in this study can 
provide the theoretical support for the design and application of TRC in a high-temperature environment.

INTRODUCTION

 Textile reinforced concrete (TRC), as a new type of 
fiber-reinforced cement composite, is now widely used 
in the construction industry such as curtain wall struc-
tures, sandwich structures, reinforced and repaired shell 
structures and reinforced members [1-2]. Owing to its 
characteristics of shallow thickness, light weight, high 
strength and good integrity [3], TRC is used mainly on 
the surfaces of the structure members. This material 
can be severely damaged by fire; therefore, it is of great 
significance to study the degradation, bond failure and 
mechanical performance of the fiber and concrete after 
exposure to high temperatures.
 The changes in the performance of TRC compo-
nents in a high-temperature environment have been con-
ducted in recent years. Truong et al. used direct tension 
experiments to study the influence of high temperature 
on the tensile behavior of TRC samples by using epoxy 
resin, aluminum oxide powder, and other methods to treat 
braided carbon fiber [4]. Raoof and Bournas compared the 
bond behaviors of TRC and fiber reinforced plastic (FRP) 
on concrete surfaces at high temperatures and found that 
the bond behavior of TRC was better than that of FRP 
[5]. Therefore, the addition of TRC improves the bearing 
behavior of concrete members at high temperatures more 
than that containing FRP [6-7]. However, the research on 
the change rule of mechanical performance has not been 
proved.
 Sui et al. compared the bending behaviors of con-
crete slabs containing FRP and TRC under fire condi-

tions by using the four-point bending test [8]. The results 
showed that reinforced hollow plates containing TRC 
had a higher cracking load, smaller cracking deflection, 
smaller peak load and larger failure deflection after 
exposure to high temperatures. Moreover, the high-tem- 
perature mechanical performance of cement-based ma-
terials can be improved by adding short-cut fibers [9-11]. 
In particular, incorporating these fibers into TRC can 
greatly improve the strength and stiffness of the TRC 
components and their anti-crack performance under 
high temperatures [12-14]. However, further research is 
needed on the fiber content and damage mechanism of 
TRC with the increase of temperature.
 High-alumina cement is more suitable for applica-
tion in concrete components under high-temperature 
environments [15-16]. In the present study, basalt fiber 
and steel fiber prismatic concrete containing high-alu-
mina cement, basalt fiber TRC and steel fiber TRC were 
prepared, and compressive and flexural tests of the mat-
rix concrete, four-point bending tests of the TRC sheets, 
and corresponding microscopic electron microscopy 
scanning and X-ray diffraction analysis were carried 
out. The effects of incorporating different fibers on the 
mechanical performance, microstructure and chemical 
component changes of high aluminate cement TRC 
before and after high temperature were investigated. 
The experimental results explain the changing pattern of 
mechanical property degradation of TRC concrete after 
high temperature and its deterioration mechanism, which 
provides theoretical support for the design of TRC with 
high-temperature requirements.
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EXPERIMENTAL

Materials

 The raw test materials include CA-50 aluminate 
cement, fly ash, silica fume, sand and ST-01A polycar-
boxylic acid water-reducing agent. The chemical com-
position of cement, fly ash and silica fume is shown in 
Table 1. Unlike ordinary concrete, the sand used in the 
aggregate had two different particles sizes of 0 - 0.6 mm 
and 0.6 - 1.2 mm, respectively. To ensure good grain 
composition, the content of the latter size was twice that 
of the former. The mesh size of the basalt fiber textile 
was 10 × 10 mm, as shown in Figure 1. Xu et al. found 

that epoxy resin deteriorates at 100 ~ 200 °C, and TRC 
specimens begin to crack at 300 °C [17]. Therefore, a ba-
salt fiber network excluding adhesive treatment was used 
in this test. The specific parameters are shown in Table 2. 
The test employed 6 mm short-cut basalt fiber and steel 
fiber with diameters of 17.4 μm and 0.12 mm and tensile 
strength of ≥ 2000 MPa and ≥ 2850 MPa, respectively.

Specimen preparation

 As shown in Figure 2a, the size of the specimen for 
the basic mechanical performance test of prismatic con-
crete without basalt fiber textile was 40 × 40 × 160 mm. 
The proportion of prismatic concrete is shown in Table 3, 
where CA represents prismatic concrete without short-
cut fibers; CAB-0.25, CAB-0.5, CAB-0.75 and CAB-
1.0 represent short-cut basalt fiber concrete matrix with 
volume ratios of 0.25, 0.5, 0.75 and 1.0, respectively; 
and CAS-0.5, CAS-1.0, CAS-1.5 and CAS-2.0 represent 
short-cut steel fiber concrete matrix with volume ratios 
of 0.5, 1.0, 1.5 and 2.0, respectively.

 

Table 1.  Chemical composition of cement, fly ash and silica 
fume.

Materials
 SiO2 CaO Al2O3 Fe2O3 MgO

 (%) (%) (%) (%) (%)

CA-50   6.33 35.21 55.11 2.04 1.02
Fly ash 53.62   4.92 32.05 7.21 0.52
Silica fume 94.03   0.48   0.33 0.81 0.55

Table 2.  Material parameters of basalt fiber textile.

     Fracture strength retention

Fiber species
 Tensile strength Elastic modulus Elongation at break Density rate of alkali-resistant

 (MPa) (MPa) (%) (g·cm-3) monofilament
     (%)

Basalt fiber textile ≥1050 ≥75 ≤3.0 2.7 ≥75

a) steel fiber c) basalt fiber textileb) basalt fiber

Figure 1.  Parameters of fibers and basalt fiber textile: a) steel fiber, b) basalt fiber, c) basalt fiber textile.

b) thin plate specimen of TRCa) prism concrete test specimens

Figure 2.  Specimen fabrication techniques: a) prism concrete test specimens, b) thin plate specimen of TRC.
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 As shown in Figure 2b, the size of the specimen 
for the bending test of TRC thin plate with basalt fiber 
textile was 280 × 50 × 12 mm. The basalt fiber textile 
contains three layers. The upper and lower protective 
layers, as well as the spacing between each layer, were 
each 3 mm in thickness. The fiber content of TRC thin 
plate is shown in Table 4, where TCA represents TRC 
thin plates without short-cut fiber; TCAB-1.0 represents 
the short-cut basalt fiber TRC with volume ratio of 1.0, 
and TCAS-2.0 represents the short-cut steel fiber TRC 
with volume ratio of 2.0.

 After the prismatic specimens and TRC thin plates 
are poured, they are put into a constant temperature of 
20 ± 1 °C and relative humidity of 95 % or more in a 
curing box for 28 days.

Test method

 In this experiment, the test blocks were firstly sub-
jected to high-temperature treatment, and before being 
put into the high-temperature furnace (TDL-1400F, 
Beijing Dezhi Rongtai Environmental Protection Tech-
nology Co., Ltd. Beijing, China), the test blocks were 
put into the drying oven (Wujiang Wanlian Electric 
Heating Equipment Co., Ltd. Wujiang, China) for drying 
treatment. Then, the specimen was placed in a high-tem- 
perature furnace and was heated at a rate of 10 °C min-1. 
After the specimen was loaded to the target temperature 
(200, 400, 600 or 800 °C), it was held at constant tem-
perature for 60 min. The specimen was then removed 
and cool naturally to room temperature before the me-
chanical performance was tested.

 After the specimens were processed at high tempe-
ratures, the flexural and compressive tests were carried 
out for the prismatic specimens. The loading rate of the 
flexural test is 50 ± 10 N·s-1, and the loading rate of 
the compressive test is controlled at 2400 ± 200 N·s-1, 
loading at a uniform rate until the specimen is damaged, 
and the test results are taken as the average value of each 
group of specimens. Thus, the flexural and compressive 
strength of each group of specimens is obtained.
 The four-point bending test used a universal testing 
machine to measure the bending performance of the TRC 
thin-plate after exposure to high temperatures. The length 
of the specimen used in the test was 240 mm, of which 
the pure bending section was 80 mm, and the shear span 
section was 80 mm. The displacement loading method 
was adopted in the test at a loading rate of 0.5 mm·min-1. 
Displacement acquisition was mDeasured using an ex-
tensometer to obtain the displacement load curve in the 
span of the TRC thin plate. The dimensional model used 
in the bending test is shown in Figure 3.

RESULTS AND ANALYSIS

Study of mechanical performance of
concrete matrix after exposure to

high temperatures

 The average values of the high temperature com-
pressive and flexural strengths of TRC matrix concrete 
with different fibers are shown in Figures 4 and 5. The 
results show that the compressive and flexural strengths 
of TRC matrix concrete with different fibers decreased 
with the increase of temperature. To investigate the 
change law of the compressive and flexural properties of 
TRC matrix concrete with the increase of temperature, 

Table 3.  Proportion of prism concrete (kg·m-3).

Serial number Cement Silica fume Fly ash
 0 - 0.6 mm 0.6 - 1.2 mm 

Water
 Water Fiber volume

    sand sand  reducer percentage (%)

CA 682 48.7 243.5 405 810 389.6 13.64 –
CAB-0.25 682 48.7 243.5 405 810 389.6 13.64   0.25
CAB-0.5 682 48.7 243.5 405 810 389.6 13.64 0.5
CAB-0.75 682 48.7 243.5 405 810 389.6 13.64   0.75
CAB-1.0 682 48.7 243.5 405 810 389.6 13.64 1.0
CAS-0.5 682 48.7 243.5 405 810 389.6 13.64 0.5
CAS-1.0 682 48.7 243.5 405 810 389.6 13.64 1.0
CAS-1.5 682 48.7 243.5 405 810 389.6 13.64 1.5
CAS-2.0 682 48.7 243.5 405 810 389.6 13.64 2.0

Table 4.  TRC sheet specimens.

 Volume ratio Volume ratio
Serial of short-cut of short-cut Specimen sizes
number basalt fiber steel fiber (mm)
 (%) (%)

TCA – – 280 × 50 × 12
TCAB-1.0 1.0 – 280 × 50 × 12
TCAS-2.0 – 2.0 280 × 50 × 12

20 80 80 80 20 50

12

P

Figure 3.  Four-point bending test model (mm).
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the data were fitted, and the fitted curves are shown in 
Figures 4 and 5. The fitted curves in Figures 4a and 
5a show that the compressive strength of TRC matrix 
concrete decreases with increasing temperature in a qua- 
dratic parabolic pattern, decreasing significantly until 
600 °C and stabilizing after 600 °C. Although alumi-
nate cement has some high-temperature resistance, its 
hydration products vary with temperature [18]. From the 
test results, it is clear that the temperature has a sig-
nificant effect on the compressive strength of concrete 
until the temperature rises to 400 °C. This indicates 
that the composition and properties of the aluminate 
cementitious material change significantly under the 
effect of high temperature, while the bond between the 
fiber and the TRC matrix concrete deteriorates under the 
influence of high temperature, which together leads to 
a rapid decrease in its compressive and flexural strength. 

After the temperature rises to 600 °C, the composition 
of the aluminate cementing material changes less, and 
the compressive strength of concrete mixed with basalt 
fibers and steel fibers also changes less with the increase 
in temperature. However, the fitted curves in Figures 4b 
and 5b show that the flexural strength of TRC matrix 
concrete always exhibits a linear pattern of decrease with 
the increase of temperature, which indicates that there is 
always a significant effect of temperature on the flexural 
strength of TRC matrix concrete with different fiber. 
The main reason is that the fibers play a large role in the 
flexural properties of concrete, and both the strength of 
the fibers themselves and the bond strength between them 
and the matrix concrete will decrease with the increase in 
temperature. From the results in Figures 4 and 5, it can 
be seen that when the temperature rises to 600 °C, the 
flexural strength continues to decrease primarily due to 
the change in strength and surface properties of the fiber.
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Figure 4.  Change rule of compressive and flexural strength of basalt fiber concrete at different temperatures: a) compressive 
strength, b) flexural strength.

Figure 5.  Change rule of compressive and flexural strength of steel fiber concrete at different temperatures: a) compressive 
strength, b) flexural strength.
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 In addition, to investigate the effect of different fiber 
admixtures on the compressive and flexural strengths 
of TRC matrix concrete, polynomial fits were made to 
the mean compressive and flexural strengths of the five 
groups CA, CAB-0.5, CAB-1.0, CAS-1.0, and CAS-2.0, 
respectively, as shown in Figures 6 and 7. It can be seen 
that the flexural strength of concrete was increased by 
external fiber doping at different temperatures. As can 
be seen from Figure 6, the compressive strength of TRC 
matrix concrete with different fiber content is basically 
the same curve with temperature when the basalt fiber 
admixture is less than 1 %, but the fitted curve of flexural 

strength is obviously different, the greater the fiber 
admixture, the greater the flexural strength, and the more 
significant the decrease of flexural strength with the 
increase of temperature. As can be seen from Figure 7, 
when the steel fiber content is greater than 1 %, the fiber 
content has little effect on the compressive strength of 
concrete at different temperatures but has a greater effect 
on the flexural strength. As can be seen from Figures 6 
and 7, the change of basalt fiber admixture does not 
significantly affect the compressive strength values at 
different temperatures, but when the steel fiber content 
is less than 1 %, the steel fiber content has a greater 
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Figure 6.  Change rule of compressive and flexural strength of basalt fiber concrete with different contents at different temperatures: 
a) compressive strength, b) flexural strength.

Figure 7.  Change rule of compressive and flexural strength of steel fiber concrete with different contents at different temperatures: 
a) compressive strength, b) flexural strength.
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effect on the compressive strength values at different 
temperatures. When the temperature exceeds 600 °C, the 
compressive strength of matrix concrete with different 
fiber admixtures is basically the same, and the fiber 
admixture mainly affects the flexural strength at high 
temperatures.

Four-point bending tests of TRC
thin-plate at high temperatures

 After exposure to high temperatures, the bonding 
performance between the concrete matrix and the fibers 
as well as the high-temperature degradation of the fiber 
textile affect the mechanical performance of TRC. Thus, 
experimental study on the bending performance of TRC 
is particularly important. The four-point bending test 
employed TRC thin-plates prepared using specimens 
without fiber (TCA), that with 1 % basalt fiber (TCAB-
1.0) and that with 2 % steel fiber (TCAS-2.0). Two thin 
plates of each type of specimen were used for testing to 
reduce the randomness of the experiment.
 Figure 8 shows the load-displacement curves of 
the TRC thin-plates containing high-alumina cement 
mixed with different fibers at different temperatures. 
At room temperature and at 200 °C, both the short-cut 
basalt fiber and the short-cut steel fiber significantly im- 
proved the bending resistance of the TRC sheet. In 
particular, the ultimate bearing capacity of the short-cut 
basalt fiber reached 258 % and 217.6 % on average at 
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the two temperatures, respectively. This result indicated 
that short-cut fiber plays a bridging role in concrete to 
reduce the generation and expansion of micro-cracks. 
In addition, as the short-cut fiber penetrates into the 
basalt fiber grid, the two components jointly bear the 
bending action; thus, improving the ultimate bending 
capacity of TRC thin-plate.
 At target temperatures of 400 °C and 600 °C, the 
ultimate bearing capacity of the TRC thin-plate showed 
an obvious decrease, particularly that mixed with short-
cut basalt fiber. When the temperature reached 800 °C, 
the performance of the TRC thin-plate mixed with 
short-cut basalt fiber was not significantly improved. 
The main reason is that the fluidity of the concrete matrix 
was reduced significantly by the addition of 1 % basalt 
fiber. Thus, the bond between the concrete matrix and the 
fiber textile was insufficient, which increased the internal 
pores. Moreover, the internal damage in the concrete 
matrix was more severe at higher temperatures. The 
TRC sheet containing short-cut steel fiber showed better 
bending resistance at 800 °C, with a 210.2 % higher 
ultimate load than that of the TRC sheet without fiber. 
Although steel fiber also degrades and damages at high 
temperatures, it still plays a certain role in inhibiting 
crack development in a concrete matrix, thus improving 
the ultimate bearing capacity of the TRC sheet.
 Table 5 shows the ultimate load-carrying capacity 
with temperature for TRC sheet with different fiber. 

It can be seen that the doping of short-cut basalt fibers 
and steel fibers can improve the ultimate load-carrying 
capacity of TRC sheet at high temperature. The analysis 
shows that when the target temperature is less than 
400 ℃, CAB1.0 with 1 % volume doping has higher 
ultimate bearing capacity, and the average lifting rate 
at room temperature can reach 225.8 %, but with the 
increase of target temperature, the lifting of short-cut 
basalt fibers becomes smaller. The ultimate load-bearing 
capacity of steel fibers at lower temperatures for TRC 
sheet is not as good as basalt fibers. However, the lifting 
rate of TRC sheet with external steel fibers is higher than 
that of basalt fibers at 800 °C, with an average lifting rate 
of 174 %.

Composition and microstructure

 X-ray diffraction analysis (XRD; Bruker, Germany) 
was employed to evaluate the hydration products of 
high-alumina cement at different temperatures, as shown 
in Figure 9. The hydration products were mainly AH3, 
C3AH6, CAH10 and C2AH8 at room temperature. CAH10 
and C2AH8 were chemically unstable, while AH3 and 
C3AH6 were relatively stable [19, 20]. Therefore, CAH10 
and C2AH8 changed into C3AH6 with the increase of age 
and temperature. Li also found that the initial drying 
period prompts the rapid conversion from metastable 
C2AH8 to stable C3AH6 [21]. As shown by the change 

Table 5.  The ultimate load-carrying capacity with temperature for TRC sheet with different fibers.

 Temperature
 The ultimate The ultimate Average increased The ultimate Average increased

 (℃)
 load-carrying capacity load-carrying capacity ratio of CAB-1.0 load-carrying capacity ratio of CAS-2.0

  of CA (N) of CAB-1.0 (N) (%) of CAS-2.0 (N) (%)

   35 268.00 605.15 2.258 423.75 1.581
 200 210.15 457.30 2.176 378.60 1.801
 400 182.15 201.45 1.108 217.70 1.197
 600 103.10 128.89 1.256 138.20 1.356
 800   66.55   84.80 1.288 116.20 1.740
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in peak intensity, the peaks indicating the presence of 
SiO2, C3AH6 and AH3 decreased significantly when 
the temperature reached 200 °C. This indicates that the 
SiO2, C3AH6 and AH3 in the sample all undergo chemical 
reactions with the increase of temperature and produce 
new substances. After 400 °C, C12A7 appeared in the 
sample, which was produced by dehydration of C3AH6 
at high temperatures [22-23], while gases were produced 
during the dehydration process. The gas generated loose-
ned the dense concrete and damaged the concrete’s inte-
rior; this also explains why the strength of the high-alu-
mina cement decreased significantly before reaching 
400 °C. But the hydration products of high-alumina 
cement did not change significantly after 400 ℃.
 Scanning electron microscopy (SEM; Quanta 250 
FEG-SEM, FEI, Hillsboro, Oregon, USA) was used to 
analyze the micromorphology of the short-cut basalt 
fiber. Figure 10 shows SEM images obtained at room 
temperature and at a high temperature of 800 ℃. As 
shown in Figures 10a and 10b, because the short-cut 
basalt fiber was evenly dispersed in the concrete, new 
internal cross-links were formed with the basalt fiber grid 

in the pouring process after mixing. The internal hinge 
acted as a secondary micro-stiffening mechanism, which 
enabled transmission of part of the load and controlled 
fracture development, thereby enhancing the bending 
property of the TRC sheet.
 As shown in Figures 10c and 10d, when the tem- 
perature reached 800 °C, many microcracks and micro-
pores appeared on the surface of the concrete matrix. 
Especially, obvious cracks appeared at the interfacial 
transition zone between basalt fiber and concrete matrix, 
and a large number of pore structures were distributed in 
bands near the interfacial transition zone, which led to 
serious deterioration of bonding. Owing to this damage 
to the concrete matrix and deterioration of the fiber at 
high temperatures, the TRC thin-plate with short-cut 
basalt fiber showed very limited lifting at the high tem-
perature of 800 °C.
 Figure 11 shows the micromorphology of a TRC 
thin-plate doped with steel fibers at room temperature 
and at 800 °C. As shown in Figure 11a, the steel fibers 
and the concrete matrix are tightly connected at room 
temperature. Moreover, Figure 11b shows that over-

d)

b)

c)

a)

Figure 10.  Microstructure of short-cut basalt fibers: a) internal cross-linking of basalt fibers at room temperature, b) bond of short-
cut basalt to concrete at room temperature, c) bond of short-cut basalt fiber to concrete at 800 °C, d) holes left by extraction of 
short-cut basalt fibers at 800 °C.
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lapping of the steel fiber and basalt fiber textile can form 
anchorage with the concrete matrix and fiber mesh, thus 
improving the bending performance of the TRC sheet to 
a certain extent.
 As shown in Figure 11c, when the temperature 
reaches 800 °C, the bond performance between the steel 
fiber and the concrete matrix decreased owing to deterio-
ration. In addition, after the temperature increase, oxi-
dation products composed of iron and oxygen atoms can 
wrap on the surface of the steel fiber. These generated 
oxidation products reduce the bond between the steel 
fiber and the concrete matrix. Figure 11d shows that the 
overlapping of steel fibers in the concrete matrix can 
also improve the bending performance of the concrete to 
some extent.

CONCLUSIONS

 To explain the mechanical performance and failure 
mechanism of the TRC after high temperature, the bea-
ring capacity testing and microscopic analysis of a TRC 
matrix and thin-plate were conducted. The main con-
clusions are summarized as follows.

● The compressive strength and flexural strength of 
TRC matrix concrete with different fiber decreased 
with the increase of temperature. Among them, the 
compressive strength of concrete decreases with tem- 
perature in a quadratic parabolic pattern, which de-
creases significantly before 600 °C and stabilizes after 
600 °C, while the flexural strength decreases in a linear 
pattern with the rise of temperature.

● Both steel fibers and basalt fibers improved the high 
temperature resistance of TRC matrix concrete. The 
change of basalt fiber admixture did not significantly 
affect the compressive strength values at different 
temperatures, but the steel fiber content had a greater 
effect on the compressive strength values at different 
temperatures when the steel fiber content was less than 
1 %.

● The hydration products of high-alumina cement chan-
ge obviously before 400 °C and stabilise after 400 °C. 
when the temperature reached 600 °C, the addition 
of basalt fiber resulted in obvious damage in the 
form of high-temperature deterioration, and the steel 
fiber surface oxidized with the temperature increase. 

d)

b)

c)

a)

Figure 11.  Microstructure of short-cut steel fiber: a) bond of steel fiber to concrete at room temperature, b) steel fiber overlapped 
with basalt fiber textile at room temperature, c) bond of steel fiber to concrete at 800 °C, d) overlapped steel fibers at 800 °C.
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Therefore, The decline in mechanical performance of 
the TRC thin-plate at high temperatures was caused by 
changes in the chemical composition of the concrete 
matrix, the degradation of the fiber itself and the 
damage to the bond surface. 
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