
Review Article
Review of Basalt Fiber-Reinforced Concrete in China: Alkali
Resistance of Fibers and Static Mechanical
Properties of Composites

Zhensheng Guo , Chunfeng Wan , Mengye Xu, and Jinxiang Chen

Key Laboratory of Concrete and Pre-Stressed Concrete Structures of the Ministry of Education, Southeast University,
Nanjing 210096, China

Correspondence should be addressed to Chunfeng Wan; wan@seu.edu.cn

Received 12 February 2018; Revised 22 April 2018; Accepted 10 May 2018; Published 21 June 2018

Academic Editor: Nadezda Stevulova

Copyright © 2018 Zhensheng Guo et al. +is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Research on three-dimensional, randomly distributed BFRC in China is analyzed and summarized in relative depth in this study.
+e results indicate that the effect of the fiber component and alkali corrosion temperature on the alkali resistance of BF is
significant; the BF has little effect on the compressive strength of the concrete; the tensile and flexural strengths of the composites
significantly increase compared with plain concrete, and the fiber content has a significant effect on the strength. In light of some
problems in the current research, six possible research topics are suggested: (1) investigating the alkali resistance of the BF under
dynamic temperatures, lower alkali concentrations, and longer alkali corrosion times; (2) improving the alkali resistance of the BF
by increasing its hydrophobicity; (3) determining the optimal fiber distribution orientation of the BF with various characteristic
parameters; (4) establishing the calculation formulas for the critical content and critical aspect ratio of various types of BF; (5)
determining the optimal mixture ratio of two or more fibers in the FRC while studying the complementary mechanisms between
each other; and (6) improving the dispersion of the BF and the BF/matrix interfacial properties.

1. Introduction

Concrete, which is the most widely used material in civil
engineering, has the advantages of high compressive strength
and good durability. However, it also has the disadvantages of
high dead weight, low tensile strength, poor toughness, low
fracture energy, and poor impact resistance [1–3]. Concrete
needs to be used in conjunction with other materials, which
complement its properties, and thus, the application space
will be expanded. Reinforced concrete and FRC are two of the
most common building materials. +e fibers used in such
composites include steel fiber, carbon fiber, glass fiber, BF,
synthetic fiber, and plant fiber [4]. Among them, as a new
material in the 21st century [5], BF has a wide range of raw
material sources, good thermal stability (the end-use tem-
perature range is −263 to 900°C), thermal insulation (the
thermal conductivity is approximately 0.04W/(m·K)), good
environmental compatibility, high tensile strength, and high

elastic modulus [6–9]. Due to the mixing of BF, the internal
structure of the concrete can be optimized; it can be rein-
forced and toughened, and its thermal insulation and du-
rability can be improved, among other effects [10–13].

+e Czech Republic began testing basalt wool as a sub-
stitute for asbestos at the end of the 1950s. +e erosion
resistance of the fiber and the bonding between the fiber and
the cement were found to be effectively improved by adding
alkali resistance components into the fiber and treating the
surface with a polymer [14, 15]. +e former Soviet Union
made a step forward in their BF research and set out to
investigate it in the 1960s. However, the publication of
numerous patents and papers related to BF and large-scale
production did not begin until the 1990s [16, 17]. +e study
of BF in Europe, the United States, Japan, and other
countries started in the 1970s, and the production process
was inferior to those in the former Soviet Union [5].
However, in recent years, in-depth research on BFRC has
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been reported in Europe, the United States, and Japan,
specifically reports on the alkali resistance of BF by Sim et al.
[18] and Lipatov et al. [19]; the strength, heat resistance,
high-temperature resistance, and inflaming retarding of BF
glass aggregate concrete by Borhan et al. [20–22]; the
thermal deformation of BF-aerated concrete by Sinica et al.
[23]; the conventional mechanical properties of concrete
with a high BF content by Ayub et al. [24]; and the wear-
corrosion resistance of BFRC by Kabay [25], among others.

In China, in 1978, the Nanjing Glass Fiber Institute [26]
first proposed the use of basalt to produce alkali-resistant
fiber and enhance concrete. In the same year, Shen [27]
conducted an experimental study on the alkali resistance of
BF. In 1980, Du [28] summarized a report in the former
Soviet Union’s Building Materials about the advantages and
engineering application prospects of BF. In 1990, Zhao [29]
translated a brief report from the former Soviet Union
entitled “Basalt Fiber Reinforced Concrete,” which first
introduced the concept of BFRC components. However,
systematic reports on BFRC began in the early 21st century
with the reports on the performance of BF, the research
progress abroad, the wide application prospects of BF in the
field of concrete, and other aspects of BF by Hu et al. [5, 30],
Ye [31], and Wang and Zhang [32], among others.

Enabled by continuous improvements in the production
process, BF has been incorporated into three-dimensional,
randomly distributed FRC, fiber-reinforced polymer bars,
fiber cloth, fiber grille, and other composite forms to address
practical engineering needs. It has significantly improved the
various properties of concrete.+is paper mainly reviews the
research progress that has been published in Chinese
journals concerning the alkali resistance of BF and the basic
mechanical properties of the three-dimensional, randomly
distributed BFRC.+e existing problems are noted and some
are detailed, and specific research strategies are put forward,
pointing out the direction to improve the aforementioned
properties of BFRC. Due to space limitations, the impact
mechanical properties, crack resistance, and durability of
BFRC will be reported in another paper.

2. The Alkali Resistance of BF

Because concrete is alkaline, the alkali corrosion resistance
of BF directly affects the adaptability and the properties of BF
in the material. +e literature [33] stipulates the alkali re-
sistance of BF and requires that the filament-breaking
strength retention rate of the BF used for concrete is not
less than 75% after being exposed in the saturated Ca(OH)2
solution at 100°C for 4 h [34]. +erefore, studies of the alkali
resistance of BF in terms of the properties of BFRC are both
necessary and meaningful.

2.1. Research Progress. +e alkali resistance of BF is mainly
affected by factors such as the alkali concentration of the
application environment, the alkali corrosion temperature,
the alkali corrosion time, the properties of the fiber itself, and
the pretreatment conditions, among others. In the nearly 40
years since Shen first studied BF in 1978 [27], experimental

studies on the alkali resistance of BF have mainly been
focused around the aforementioned aspects. Because the
physical and mechanical properties of current BF are much
better than 20 years ago, research since 2000 is the primary
body of work elaborated on in the following sections.

In 2004, Wang et al. [6] studied the chemical compo-
sition of BF and its surface modification with alkali solu-
tions. +eir results showed that the main chemical
components of BF were SiO2, CaO, and Al2O3, which played
important roles in determining the chemical stability, me-
chanical strength, and thermal stability of the BF. After
treatment with a 0.1mol/L NaOH solution, the surface of the
BF exhibited some defects, such as a tumor-like substance
and corrosion pits, increasing the roughness and surface
area. +is effect led to a decrease in the fiber strength but
improved the interfacial bond between the fiber and the
matrix. In 2010 and 2015, Wei et al. [35] and Li et al. [36]
analyzed the mechanism of the alkali corrosion of BF. +e
network skeleton structure of the fiber was mainly composed
of Si and Al. In the alkaline solution, a substitution reaction
occurred between the OH− and ≡Si–O–Si≡ in the fiber,
resulting in dissolution of the Si element, cleavage of the
silicate ion skeleton network, and destruction of other
components in the framework. +e OH− diffused into the
internal structure of the fiber, leading to lamellar spalling of
the surface layer.

In 2006, Wang et al. [37] studied the alkali resistance of
BF, which was produced by Heilongjiang Jingpo Lake Basalt
Fiber Company, in an alkali corrosion environment of
boiling 2mol/L NaOH solution. +eir results showed that
the BF was mainly composed of Si, O, Fe, Ca, and other
elements. After boiling for 3 h, the mass retention rate of the
raw yarn and the strength retention rate of the fiber tow after
dipping and curing were approximately 96% and 82%, re-
spectively, indicating high alkali corrosion resistance ca-
pacity. +e authors attributed this high capacity to the
presence of alkali metal oxides in the BF.

In 2007, Huo et al. [38] investigated the alkali resistance
of the BF filament and tow in an alkaline corrosion envi-
ronment of 2mol/L NaOH solution at 80°C. +e model of
the fiber, which was produced by the Shanghai Russian
Basalt Fiber Co. Ltd., differed from that investigated by
Wang et al. +e tow was prepared by dipping in 648 gum
epoxy. +e results (Figure 1(a)) showed that the mass of the
fiber decreased slowly with increasing alkaline corrosion
time after soaking in an alkali solution. +e mass retention
rate after 24 h was approximately 88%. +e fracture strength
of the filament and tow after plying gum treatment rapidly
decreased; their strength retention rate after 3 h was ap-
proximately 60%.+ese results indicated that the plying gum
treatment could not improve the alkali resistance of the fiber
over a short time. +e microscopic appearance of the fiber
after alkali corrosion exhibited significant pits due to surface
spalling (Figures 1(b) and 1(c)). In addition, compared with
the conditions used by Wang et al. [37], the experiment had
a lower alkali corrosion temperature, and the reaction rate
was correspondingly lower; however, the strength retention
rate of the tow was lower, which might be related to the fiber
component.
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In 2010, Huang and Deng [39] studied the alkali re-
sistance of BF at di�erent alkali corrosion temperatures and
longer corrosion times.�ey found that after being soaked in
a 1mol/L NaOH solution for 5 d (Figure 2(a)), the BF
exhibited a mass retention rate of 87% when the temperature
was 20°C; in addition, the corrosion degree was lower.
However, the mass retention rate was only 33% at 80°C,
showing signi�cant corrosion and spalling (Figures 2(b) and
2(c)).�e temperature strongly a�ects the alkali resistance of
BF. In addition, compared with the results of Huo et al. [38],
those of Huang and Deng [39] were obtained at the same
alkali corrosion temperature (80°C) but at di�erent con-
centrations of the alkali solution (1mol/L and 2mol/L),
which gave mass retention rates of 87% and 89%, re-
spectively; thus, the concentration of the solution had little
e�ect on the mass of the BF under higher alkali
concentrations.

In 2012, Wu et al. [40] studied the e�ect of alkali con-
centrations on the tensile strength of twisted BF with a single

diameter of 8 μm. �e concentrations of NaOH solution
ranged between 0.5 and 2mol/L, and the alkali corrosion
time and temperature were 3 h and 100°C, respectively.
Tensile strength retention rate of �ber was determined
according to GB/T 7690.3-2001, and the results (Figure 3)
showed that the damage of alkali solution to �ber intensi�ed
with the increase in concentration, resulting in the �brous
weak surface and the sharp decline in strength. �e strength
retention rate of �ber was only 53.67% when the concen-
tration was 2mol/L, which was quite di�erent from that of
82% obtained by Wang et al. [37] under the same condition.
�e distinction might result from the twisting treatment in
addition to the di�erent �ber contents.

In conclusion, the results in the aforementioned studies
show that the in�uence of the �ber component, internal
microstructure, alkali corrosion temperature, and alkali
corrosion time on the alkali resistance of BF is signi�cant.
However, the e�ects of the �ber pretreatment and the in-
crease in the alkali solution concentration under higher
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Figure 1:�e alkali resistance of BF in 2mol/L NaOH solution at 80°C: (a) curves showing the variation of the mass and strength of the �ber
with increasing alkali corrosion time and SEM images of the �bers (b) before and (c) after the alkali corrosion [38].
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FIGURE 2: �e e�ect of alkali corrosion temperature on BF. (a)�e mass retention rate-alkali corrosion time curves at di�erent temperatures
and the alkali corrosion damage at (b) 20°C and (c) 80°C [39].
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alkali conditions have a limited impact on the alkali re-
sistance. +erefore, in future research, well-directed studies
are needed on the alkali resistance of BF and its adaptability
based on the characteristics of the concrete. +e afore-
mentioned performance of BF can be improved through the
fiber performance and the alkali corrosion environment.

2.2. Analysis and Prospects. On the basis of the review of the
antecedent research results concerning the alkali resistance of
BF and the application working conditions of BF in concrete,
the following four research directions are put forward:

(1) On the basis of the temperature variation curve as
a function of the age of the concrete structure under
the actual working conditions, the alkali resistance of
BF needs to be measured and studied at the dynamic
alkali corrosion temperature. Such a study will en-
able the mechanism of influence on the properties of
the BFRC to be concurrently examined. In the
current study, the alkali resistance of BF is studied at
a constant temperature. However, in the course of
hardening of the concrete, factors such as the con-
crete material properties, hydration heat, and casting
temperature indicate that the temperature parabol-
ically changes and tends to become stable with age.
Moreover, different concrete structures with differ-
ent measurement point locations show distinctly
different temperature changes (Figure 4). In addi-
tion, the temperature will affect the alkali corrosion
reaction rate and the alkalinity of the environment
surrounding the fiber, which are important factors in
studies of the alkali resistance of BF. +erefore, in-
vestigations of the corrosion resistance of BF under
dynamic temperature are necessary to simulate the
environment of concrete and to explore the mech-
anism by which BF modifies the mechanics, dura-
bility, and other properties of BFRC.

(2) To study the adaptability of BF in the concrete, the
alkali resistance of BF in a simulated alkali solution
with a pH of 10.5–13.5 should be evaluated. Some

authors [41] have shown that the pH value of well-
hydrated Portland cement was between 12.5 and 13.5,
and the pH value of sulfoaluminate low-alkali cement
was between 10.5 and 11.5. As a result, the pH value of
concrete is lower than that. In the aforementioned
studies, NaOHsolutionswith a concentration of 1mol/L
or higher were mostly used; the alkalinity of these
solutions is significantly higher than that of Portland
cement paste. Otherwise, the alkali corrosion rate
exhibits a high correlation with the concentration of
the alkali solution [42].+erefore, the alkali resistance
of the current BF in a solution with alkalinity equal to
that of the concrete material should be studied.

(3) +e alkali corrosion time of BF in the simulated alkali
solution should be properly extended according to the
specific concrete structure. As Figure 4 shows, the
temperature of the raft foundation nearly returns to its
normal temperature after 10 d; however, the dam
needs 25 d to reach its initial temperature, which is
considerably longer than the time required for the raft
foundation. However, most of the alkali corrosion
times in the aforementioned research were only a few
hours and certainly not more than 7 d. Even in the
case of accelerated alkali corrosion experiments at
a higher temperatures and shorter times, the extent to
which these test results reflect the actual conditions of
BF in the concrete requires further study. +erefore,
the alkali corrosion time of BF should be extended
appropriately according to the actual expected working
conditions.

(4) +e hydrophobicity of BF needs be measured, and the
moisture transport mechanism should be determined.
+e alkali resistance of the BF and the overall
properties of the composites are improved by in-
creasing its hydrophobicity. As previously mentioned,
the long-term alkali resistance of BF needs to be
improved. +e existing methods for improving the
hydrophobicity mainly include BF surface modifica-
tion by plying gum, the addition of ZrO2 into the BF
[19], and the use of low-alkaline cement. However,
many factors must be considered, such as the limited
improvement, delaying alkali corrosion instead of
stopping it, increasing the cost of the project, and the
lack of supply, among others. However, through the
determination of the zeta potential, Hu et al. [43–45]
showed that although the BF was an inorganic ma-
terial made from rock through melting and wire
drawing, its surface was inert, and the elements on the
surface of BF could form hydrogen bonds with hy-
drophilic polar groups. Meanwhile, the surface of BF
contained many Si atoms, which would chemically
react with the surrounding active groups under cer-
tain conditions. +erefore, the alkali corrosion re-
action can readily occur. On the other hand, water is
a transmission medium of various ions. If the hy-
drophobicity of BF is good, the alkaline corrosion ions
cannot easily enter the fiber because of the lack of the
transmission medium, and it is difficult to destroy the
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Figure 3: +e effect of alkali concentration on the twisted BF [40].
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BF. By contrast, BF can not only absorb the sur-
rounding water used for the cement hydration re-
action, which adversely affects the hardening of the
concrete and the properties of the fiber/matrix in-
terface, but also provide the carrier for the trans-
mission of the alkali corrosion ions. +erefore,
improvements in the hydrophobicity of BF and in the
ability to block moisture are beneficial for improving
the alkali resistance as well as the mechanical prop-
erties and durability of the BFRC. +e hydrophobic
and moisture transmission of BF has rarely been
reported in depth in the literature. +e next step
should be to improve the alkali resistance of BF
and the overall performance of the composite by
measuring the hydrophobicity and elucidating the
moisture transmission mechanism. From these two
aspects of the BF and the concrete, through fiber
surface modification and by adding mineral admix-
tures into the matrix, the dispersion of the BF in the
matrix and the BF/matrix interfacial properties would
be improved and the mechanical properties of the
composite would be enhanced.

3. Static Mechanical Properties of BFRC

Similar to conventional concrete members, BFRC members
have been subjected to various loads under different working
conditions. Research on the static mechanical properties has
also mainly focused on the strength, flexural toughness, and
fracture mechanical properties, which are elaborated below.

3.1. Strength of BFRC. In recent years, researchers have studied
the change rule for the mechanical properties of various con-
cretes, including ordinary concrete, self-compacting concrete,

concrete with high mineral-admixture contents, shotcrete,
and concrete-filled steel tubes. +is work consisted of
measuring the compressive, tensile, and flexural strengths
of BFRC with different fiber contents under different
conditions, such as different ages and mineral admix-
tures. +e fiber content has typically been on the order of
0.5–8.5 kg/m3, the investigated aging times have mostly
been 3 d, 7 d, and 28 d, and the mineral admixtures have
mainly included fly ash and silica fume. We will describe
these below.

In 2008, Li et al. [48] studied the 28 d cubic compression,
axial compression, splitting tensile, and flexural strengths of
BF-reinforced self-compacting concrete (BFRSCC) (Figure 5)
with a fiber content of 0.8–4.8 kg/m3, a length of 10–25mm,
and a diameter of 7–15 μm in accordance with CECS13:89.
+e results showed that with increasing fiber content, com-
pared with that of plain self-compacting concrete (PSCC), the
cubic compressive strength of the BFRSCC decreased by
3–10%. +e overall trend of the axial compressive strength of
BFRSCC first decreased and then increased before finally
reaching strength slightly greater than that of PSCC. +e
splitting tensile strength gradually increased after an initial
slight reduction, whereas the flexural strength decreased after
initially slowly increasing. Both the tensile and flexural
strengths showed peak values, where the maximum increase
was 17% and 24%, respectively, and the corresponding op-
timal fiber content is 3.2 kg/m3. +ese results were attributed
to the BF [48], which is soft and fine, forming a weak
honeycomb-like or pore-like structure in the concrete and
resulting in poor dispersion or a clustering phenomenon in
the process of concrete mixing. +ese features reduced the
density of the concrete and the cubic compressive strength.
For the axial compressive strength, in addition to the
aforementioned discussion, the increasing BF had a lateral
restraint effect similar to that of stirrups, which improved the
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compressive strength of the matrix. Under the in�uence of
two plus-minus factors, the axial compressive strength
exhibited a parabolic variation. �e research concerning the
axial compressive strength of the BFRC-�lled steel tubular
short columns, reported by Wang et al. [49] in 2013, also
demonstrated this point. �e splitting tensile and �exural
strengths could be used as indexes to evaluate the tensile
strength of the material. According to composite theory [50],
the ultimate tensile strength of the BFRC was directly related
to the ultimate tensile strength of the �ber and its content;
otherwise, the tensile strength of BF is higher. Consequently,
a reasonable amount of BF could improve the two mechanical

indexes without a�ecting the workability of the self-compacting
concrete.

In 2009, by pretreating BF via wrapping up it with ce-
ment paste before mixing, Wu et al. [51] investigated the
compressive strength of the BFRC standard cubic specimens
with a �ber content of 1.2–2.0 kg/m3, a length of 12mm, and
a radius of 15 μm according to the standard GB/T 50081-
2002. �e results showed that (Figure 6(a)) with increasing
�ber content, the biggest growth of 28 d and early cubic
compression strength (fcu) of BFRC was about 5% and 17%,
respectively. Compared with the results of Li et al. [48], the
pretreatment had improved the compressive properties of
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BFRC to some extent. +e reason was that the cement paste
provided a lubricating effect between fibers and aggregates
and made them fully contact with each other, thus effectively
reducing the porosity of the matrix and enhancing the in-
terfacial bond between fibers and matrix (Figures 6(b)–6(e)).
In addition, the fibers wrapped with cement paste had better
fluidity in the matrix, which increased its distribution
uniformity.

In 2011, Ye et al. [52] studied the flexural tensile strength
of high-strength BFRC with a relatively large amount of fly
ash and silica fume with a fiber content of 8.4 kg/m3 and
a length of 6mm, 18mm, and 30mm. +e fiber was pre-
treated in three ways: direct shortcutting, plying gum, and
twisting and plying gum. +e results showed that compared
with the PC, the maximum increase at 3 d, 7 d, and 28 d for
the flexural tensile strength of BFRCwas 20%, 27%, and 18%,
respectively. +e corresponding optimum fiber length and
pretreatment method were 18mm with direct shortcutting
fiber. On the basis of the changing rate of the increase in
strength with age, no apparent weakening of the fiber re-
inforcement with age was observed in the experiments,
which might be related to the improvement in the alkali
resistance.

In 2012, Luo and Bi [53] studied the influence of BF and
hybrid fibers composed of BF and polypropylene fiber (PPF)
on the cubic compressive strength of self-compacting
concrete from the perspective of its pore structure. +e
BF contents were 1.3 kg/m3 and 2.7 kg/m3, while the PPF
content was 0.05–0.3 kg/m3. In the case of concrete rein-
forced only by BF, the results suggested that the compressive
strength was reduced compared with that of PSCC, similar
to the results of a study by Li et al. [48]. +is strength re-
duction was attributed to three factors. First, according to
the four levels of pore size in the concrete proposed by Wu
and Lian [54], the reduction of harmless or less harmful
pores and the increase of harmful or more harmful pores in
the BFRC would result in reduced density and strength.
Second, from the perspective of micromorphology (Figure 7),
BF was quite smooth compared to PPF. +us, a very few
hydration products would adhere to it, leading to weakening
of the BF/matrix interface, which in turn diminished the
effective advantages of the fiber properties. +e third factor
was the failure mode. Only cracks appeared during the

compressive failure of BFRC; no fragments were observed
to burst apart. +e failure mode of the BFRC was integrated,
which suggested that the toughness of the specimen in-
creased. For the hybrid fiber-reinforced self-compacting
concrete, the 28 d strengths were improved by various de-
grees, and the greatest increase was approximately 38%. +e
corresponding contents of BF and PPF were 2.7 kg/m3 and
0.1 kg/m3, respectively. +e existence of PPF decreased the
density and pore size, and the elasticity modulus and
tensile strength of PPF were smaller than those of BF by
an order of magnitude; the PPF thereby became a com-
plementary support material to the BF, significantly increasing
the strength.

In 2016, Zhou et al. [55] studied the splitting tensile and
flexural strengths of BF-reinforced shotcrete under tunnel
dry heat working conditions simulated using a stove and
analyzed the structural mechanisms from the perspective of
the anticrack functionality of the BF in the matrix. +e ratio
of raw materials was determined according to JGJ55-2000
and GB50086-2001. +eir results suggested that the me-
chanical properties of the BF-reinforced shotcrete under dry
heat conditions were significantly reduced compared with
those measured under standard conditions. +e existence of
the BF could not appreciably improve the tensile and flexural
strengths of the shotcrete, and the results even indicated
a slight decrease in the mechanical properties at some fiber
contents. +e likely reasons for this behavior were related to
the lower orientation coefficient of the three-dimensional,
randomly distributed BF [50], the insufficient alkali re-
sistance and dispersion of the BF used in the experiment,
and the poor bond performance between the fiber and the
matrix.

In 2016, based on the uniaxial compression test of BF-
reinforced resin concrete cylinder and the theory of damage
mechanics, Yu et al. [56] built the uniaxial compression
constitutive model of the structure according to the gen-
eralized Hooke’s law and the theory of Weibull strength
distribution:

σ � 4.6 × 104ε exp −
ε

0.006
 

2.5
 . (1)

+e results indicated that the model agreed well with the
experimental results, and the trend of change of model was

10 μm

(a)

10 μm

(b)

Figure 7: +e micromorphology of the (a) BF and (b) PPF fibers in concrete [53].
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similar to that of plain concrete, but the strain during the
rising section was obviously bigger than that of the latter
[57]. +is study made a theoretical contribution to the re-
search on the mechanical properties of the material.

In short, research into the strength of the BFRC resulted
in discrete or even opposite results because the strength was
affected by the fiber characteristic parameters, fiber content,
material properties of the matrix, preparation method, and
the composite age, among other factors. However, the ex-
istence of BF in general had little effect on the compressive
strength of the concrete but could nonetheless result in
apparent improvements in the tensile and flexural strengths.
+e fiber content influenced the strength of the material, and
an optimal content value existed. +e adulteration of
mineral admixtures and PPF was beneficial to the BF’s
enhancement of the concrete. On the basis of the afore-
mentioned studies, further research can be conducted on the
optimal mixture ratio and to complement the reinforcement
mechanism from BF and other fibers with different prop-
erties, such as PPF, on the basis of different matrix materials
and requirements.

3.2. Flexural Toughness and Fracture Mechanics. A few
published works exist on the flexural toughness and fracture
mechanics of BFRC. Scholars have mainly studied the in-
fluence of the characteristic parameters, such as the content
and aspect ratio of the fiber, on the flexural toughness index,
fracture toughness, and fracture energy. +ey have also
discussed improvements in the toughness and fracture
properties of the concrete as a result of the fiber. +ese
results are illustrated and analyzed below.

He and Lu [58] and Ye et al. [52] reported on the flexure
toughness of a B2010 beam in 2009 and 2011, respectively.
+e index used to measure the flexure toughness was the
JSCEG552 standard proposed by the Japan Social of Civil
Engineers. +e flexure toughness of the BFRC was 5.6 times
that of PC, as reported by He and Lu [58]. However, in the
latter study, Ye et al. [52] noted that the BFRC, which was
influenced by the fiber length, twisting treatment, and
surface modification, exhibited a flexure toughness only
1.2–2.1 times of that of PC, as evaluated under different
experimental conditions. Because the roughness of the fiber
increased after the twisting treatment, which improved the
bonding properties between the fiber and the matrix, the
load-displacement curve of the concrete reinforced by
twisted fiber was much flatter. +e twisted fiber could
substantially improve the toughness of the concrete. In
consideration of the data in the latter report was much more
sufficient, the results were closer to practical situations.
Nonetheless, the presence of BF could clearly improve the
flexure toughness of concrete.

In 2016, according to ASTM E647-11 and RILEM three-
point bending test method, Xue et al. [59] studied the
influence of the BF content and aspect ratio on three per-
formance parameters: the fracture energy, fracture toughness,
and the ductility index, which defined the fracture mechanics
properties of concrete, and thoroughly analyzed the impact
mechanism.+e BF content in their study was approximately

6.6–40 kg/m3, the diameter was 15 μm, and the length was
5–25mm. +eir results suggested the following:

(1) +ere were three stages during the occurrence and
development of cracks in BFRC: (i) the no-cracks
expanding stage when the fiber and concrete worked
together; (ii) the crack stable growth stage, where the
bridge stress of the fiber had delayed effects; and (iii)
the crack unstable growth stage after the net stress of
the crack tip reached the ultimate stress.

(2) +e presence of the BF could improve the fracture
mechanics of the concrete to some extent. +e
amplifications were 37% in the fracture energy, 44%
in the fracture toughness, and 19% in the ductility
index. +e variation tendencies of all of the three
fracture mechanical parameters first increased and
then decreased with increasing fiber content and
increasing aspect ratio. +us, a corresponding BF
optimal content or aspect ratio existed.

(3) +e mechanism by which the BF influenced the
fracture mechanics of the concrete was as follows:

(i) +e BF filament is too soft, fine, and smooth to
induce surface modification [6] and anchorage,
and its tensile strength is high. +erefore, the
interfacial bonding stress might be less than the
tensile strength of the fiber, and the main cause of
failure was that the fibers being withdrawn during
the process of fracture failure. However, the
nonmain crack resistance increased when the
cracks propagate and the fracture performance
was improved by benefiting from the interfacial
debonding, frictional slip, and obliquity effect.
However, the remaining pores would accelerate
the unstable propagation of cracks as the com-
posite reached its ultimate strength.

On the basis of the aforementioned research, one con-
clusion was that the BF would substantially improve the
toughness and fracture mechanics of the concrete if the
mixing and characteristic parameters of the fiber were
properly selected.

3.3. Analysis and Prospects. After organizing and summa-
rizing the studies regarding the strength, toughness, and
fracture mechanics of the BFRC, we identify the following
issues that require further research:

(1) On the basis of the pullout test of a single (or single-
bundle) BF with different distributions and orien-
tations in the concrete, the coupling among the
tensile strength, fiber/matrix interfacial bonding
strength, and the lateral shear strength of the fiber as
well as the optimal distribution of the fiber corre-
sponding to different types of characteristic pa-
rameters can be determined.When the orientation of
BF is consistent with the pullout force, the fiber will
be easily pulled out. By contrast, if the included angle
between the fiber and the pullout force is too large,
lateral shear failure will most likely occur for the
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fiber. In both circumstances, the tensile strength of
the fiber cannot be efficiently utilized. +us, if the
coupling among them could be realized and an
optimal orientation distribution of diverse types of
fibers could be obtained, the mechanical properties
(e.g., the tensile, flexure, and fracture performance)
of the BFRC can be significantly improved.

(2) +e formula concerning the critical content and as-
pect ratio of the BF in concrete can be established with
respect to the bonding properties between the BF and
the concrete and the random distribution charac-
teristics of the fiber in the matrix. In the current
research body, only the influence of the fiber content
and aspect ratio on the mechanical properties is re-
ported, whereas experimental studies and theoretical
analyses of the critical content and aspect ratio remain
obscured. However, according to the theory of the
compound function between a fiber and a concrete
[50], the ultimate tensile strength could only be sig-
nificantly improved when the fiber content was larger
than the critical value. +e relationship between the
actual aspect ratio and the critical aspect ratio of the
fiber directly influenced the failure mode and the
realization of fiber enhancement. +erefore, addi-
tional research on this aspect is needed.

(3) +e mechanical model of BFRC needs an in-depth
study in order to fully reveal its mechanical be-
havior mechanism. Based on the above analysis, it is
found that the number of model research about
BFRC is very limited in China. Compared with the
uniaxial compression constitutive model of high-
strength BFRC proposed by Ayub et al. [60], these
models still have some defects such as the in-
adequate reflection of the fiber content and the
single expression of stress-strain full process, and
they need further modifications and perfections. In
addition, the static mechanics model research of
BFRC such as shear and bending mechanics is still
rare. +erefore, it will be an important area for
future research.

4. Conclusion

In summary, the studies reported in China in this century
described the alkali resistance of fibers under different alkali
corrosion environments and pretreatment methods, and the
static mechanical properties, such as the strength and
toughness, of the BFRC under different characteristic pa-
rameters and content. +e main results were illustrated as
follows: the composition and temperature strongly influ-
enced the alkali resistance of the BF, whereas the pre-
treatment had limited effects; the BF had almost no effect on
the compressive strength but could significantly improve the
tensile and flexural strengths; in addition, the fiber content
could notably influence the strength.

Hereby, we propose the following six research topics
related to alkali resistance and static mechanical properties
of three-dimensional, randomly distributed BFRC:

(1) +e alkali resistance and adaptability in the concrete
with BF under the conditions of dynamic alkali
corrosion temperature, lower concentration of alkali,
and longer alkali corrosion times should be mea-
sured and investigated. In addition, its mechanism of
influence on the mechanical properties of the BFRC
should be investigated.

(2) On the basis of the determination of the hydro-
phobicity and moisture transmission mechanism of
the fiber, the alkali resistance of BF and the integral
performance of composites can be improved via the
BF’s hydrophobicity and moisture transmission.

(3) On the basis of the pullout test of a single (or single-
bundle) BF with different distributions and orien-
tations in the concrete, the optimal orientation of the
BF with different characteristic parameters should be
investigated to achieve the maximum enhancement
to the matrix.

(4) A formula for the critical content and aspect ratio for
various kinds of BFs in concrete should be estab-
lished, and the mechanism of influence of the BF
with different contents and aspect ratios on the
mechanical properties of the matrix (e.g., tensile,
flexure, and fracture performance) should be ex-
plored, and the aforementioned properties should be
optimized.

(5) With the objective of varying the material charac-
teristics and applications of the matrix, the optimal
mixture ratio and the complementary mechanism
between the BF and other types of fibers with dif-
ferent properties, such as PPF, in the concrete should
be studied.

(6) From the perspective of BF and the concrete, the
dispersion of the BF and BF/matrix interfacial
properties should be improved through surface
modification of the fiber and the addition of mineral
admixtures to the matrix, thereby improving the
mechanical properties of the composites.
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