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Abstract: The effect of salt freeze-thaw cycles coupled with carbonation on the mechanical perfor-
mance of quick hardening sulphoaluminate cement-based reactive powder concrete combined with
basalt fibers was investigated. The ratios of basalt fibers in sulphoaluminate cement-based reactive
powder concrete (SAC-RPC) were 1%, 2%, 3% and 4% by the volume of concrete. The mechanical
strengths (compressive strength, flexural strength and bonding strength) of SAC-RPC were inves-
tigated after curing for 5 h, 1 d, 14 d and 28 d, respectively. Meanwhile, the mechanical strengths
of resultant concrete were detected, when different NaCl freeze-thaw cycles and carbonation were
adopted. Results showed that the addition of basalt fibers could effectively improve the mechanical
strengths, especially the flexural strength of SAC-RPC. The dosage of 3.0% was the threshold value
affected mechanical strengths. The flexural, compressive and bonding strengths of SAC-RPC were
higher than 8.53 MPa, 34 MPa and 3.21 MPa, respectively. The mass loss and mechanical strengths
loss of SAC-RPC increased in the form of quadratic function with the increasing number of NaCl
freeze-thaw cycles and varied in the form of quadratic decreasing function. Meanwhile, the effect
of carbonation on the mechanical strengths of SAC-RPC can be ignored. Additionally, the coupling
effect of salt freeze-thaw cycles and carbonation could accelerate the attenuation of concrete strength.
The mechanical strengths loss demonstrated a decreased quadratic function with the increasing
volume of basalt fibers.

Keywords: salt freeze-thaw cycles; carbonation; quick hardening; sulphoaluminate cement-based;
basalt fibers

1. Introduction

Bridge is the pivotal part of building structures, which carries a lot of traffic load.
However, damage often occurs to its deck due to the action of load on the surface. Mean-
while, the corrosive environmental action can accelerate the damage of the deck when in
service. Therefore, the deck should be repaired timely.

So far, a variety of repair materials have been developed for the maintenance-repairing
of the deck of bridges. The repairing materials can be divided into two categories, asphalt
based repairing materials and cement-based repairing materials. Some research reports
pointed out that the asphalt based repairing materials are convenient for construction
and is followed by the fast open to traffic [1-3]. However, the resistance to aging on
fatigue performance of the asphalt based repairing materials is poor. Moreover, the cost
of asphalt based repairing materials is very high. Wang et al. [4-6] studied the effect of
aging on fatigue performance of cement emulsified asphalt repairing material and found
that the addition of cement could improve the fatigue life. Furthermore, the cement-based
materials are often used in the repairing engineering of bridge deck [7-9]. Jin et al. [10-12],
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pointed out that the magnesium phosphate cement-based materials possessed impressive
compressive and bending strengths higher than 13 MPa and 3.5 MPa, respectively, after
curing for 1 h. Additionally, the tensile bonding strength of bricks repaired by asphalt based
repairing materials after curing for 1 d was 2.466 MPa [10]. Sulphoaluminate cement is a
kind of quick hardening cement which has been used for repairing the roads and bridges
for several years [13,14]. As found out in Hu's paper [15], sulphoaluminate cement mortar
reinforced with micro-fine steel fibers displayed a maximum compressive strength of
19 MPa and flexural strength of 5.3 MPa after cured for 3 h. Prior researches [16-18] pointed
out that the mechanical strength of Portland cement based materials at initial curing age
(3 h~3 d) was much lower than that of sulphoaluminate cement based materials, while at a
long curing age, the mechanical strength of Portland cement based materials showed higher
strength than sulphoaluminate cement based materials [19]. The reactive powder concrete
is a kind of concrete with high compactness, which shows excellent mechanical strengths
and durability [20-23]. Hong et al. [24-26] manufactured the rapid hardening reactive
powder concrete with steel fibers and investigated its following mechanical properties and
durability.

The mechanical properties and durability of cement-based repairing materials have
been reported in several studies. The bonding strength of the cement-based repairing ma-
terial is a key factor for repairing the construction buildings, however, little attention has
been paid to this aspect [27-30]. As reported in some research, the addition of steel fibers
can improve the mechanical performance of cement concrete effectively. Nevertheless, the
steel fibers are prone to corrosion, leading eventually to the reduction of durability. Basalt
fiber has become a research and application hotspot in the international civil engineer-
ing field due to its excellent high temperature resistance, strong anti-seepage, anti-crack
effect, green and environmental protection production process, low price and thermal
expansion coefficient similar to that of cement. Yet, little attention has been drawn to the
sulphoaluminate cement-based materials reinforced with basalt fibers. Meanwhile, few
researchers have paid attention to the durability of basalt fibers reinforced sulphoaluminate
cement-based materials.

This paper was aimed to investigate the influence of curing age and the coupling
effect of salt freeze-thaw cycles and carbonation on the mechanical performances of basalt
fibers reinforced quick hardening sulphoaluminate cement-based reactive powder concrete
(SAC-RPC), which will provide a new kind of rapid repairing for the concrete construction
buildings.

2. Experimental
2.1. Raw Materials

Type XK-DQXWY chopped basalt fibers with the length of 3 cm and the diameter of
5.5-6.5 pm produced by Shanghai Chengi COBIT Co., Ltd., Shanghai, China, were used in
this study. The density of basalt fibers used in this research was 2.635 g/cm?®. Additionally,
the average elastic modulus and the tensile strength of these fibers were 10,520 MPa and
4325 MPa, respectively. The dosages of basalt fibers applied in this study were 1%, 2%,
3% and 4% by the volume of sulphoaluminate cement-based reactive powder concrete
(SAC-RPC). Binder materials used in this study were rapid hardening sulphoaluminate
cement (R.SAC) produced by Tangshan Polar Bear Building Materials Co., Ltd., Tangshan,
China, with a strength grade of 42.5 MPa, Silica fume (SF) possessing a specific surface area
of 15m?/ g and more than 98% SiO,, and granulated blast furnace slag powder (GGBS)
with density, specific surface area and loss on ignition of 2.9 g/cm3, 436 m? /g and 2.3%,
respectively. The quartz sand with particle sizes of 1-0.71 mm, 0.59-0.35 mm and 0.15-
0.297 mm was used as aggregate in this study. The mass ratios of quartz sand with particle
sizes of 1-0.71 mm, 0.59-0.35 mm and 0.15-0.297 mm were 1:1.5:0.8. The quartz sand
possessed 99.6% SiO,, 0.02% Fe;O3 and other ingredients. In this study, the binder sand
ratio was 1.25, and the mass ratios of cement: SF: GGBS were 1:0.5:0.15. In order to make
sure enough fluidity of fresh basalt fibers reinforced SAC-RPC, the polycarboxylate-based
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water-reducing agent with the water-reducing rate of 40% provided by Shenteng Co.,
Ltd., Lingshou, China was applied. Li,SOy, tartaric acid, polyether defoamer produced
by Yingshan, Co., Ltd., Shanghai, China were used as early strength agent, retarder and
defoamer in this study. Furthermore, for all specimens, the lithium sulfate, defoamer and
tartaric acid in this study are 0.15%, 0.2% and 0.6% by mass of cementitious materials,
respectively. Tables 1 and 2 show the particle size distribution and chemical composition
of cementitious materials.

Table 1. Particle size distribution of the raw materials/%.

Particle Size/um

Types
yp 0.3 0.6 1 4 8 64 360
Cement 0 0.33 2.66 15.01 28.77 93.59 100
Slag Power 0.025 0.1 3.51 19.63 35.01 97.9 100
Silica Fume 31.2 58.3 82.3 100 100 100 100

Table 2. Chemical composition of the cementitious materials.

Types SlOz A1203 FEZO3 MgO CaO SO3 TiOZ
Cement 13.95 22.46 2.67 292 39.39 14.34 1.66
Slag Power 34.06 14.74 0.23 9.73 35.93 0.23 3.51
Silica Fume 90 0.2 0.6 0.2 0.4 0 74

2.2. Specimen Preparation and Measurement Methods

The SAC-RPC can be manufactured following these steps:

The powder admixtures (sulphoaluminate cement, silica fume, slag powder, quartz
sand, lithium sulfate, defoamer and tartaric acid) are firstly mixed in the UJZ-15 mortar
mixer Hebei Daoneng Construction Engineering Co., Ltd., Cangzhou, China, for 0.5 min.
Then, the basalt fibers were added and mixed for another 2 min. After this mixing, the
water-reducing agent is mixed with water and stirred in the mixture for the last 5.5 min.
The slump flow of fresh RPC paste is adjusted to 210-230 mm by water-reducing agent.
DF-04 polyether surfactant with density of 0.4 g/cm?® and pH of 7.0~7.5 produced by
Yingshan New Material Technology Co., Ltd. is used to eliminate air bubbles in RPC. After
mixing, the fresh SAC-RPC was poured into the molds to manufacture the specimens. The
specimens with sizes of 40 mm x 40 mm x 160 mm, 100 mm x 100 mm x 400 mm and
100 mm x 100 mm x 100 mm were applied to the experiments of mechanical strengths,
NaCl freeze-thaw cycles and the carbonation, respectively. All specimens were cured in the
room environment (20 £ 2 °C and relative humidity of 40 & 2%) for 1 h before demolding.
After demolding, all specimens were cured in the standard curing room (temperature of
20 £ 2 °C and relative humidity of above 95%) for different curing ages. Figure 1 shows
the manufacturing process of the specimens.

Binder Quartz Basalt Uniform solution
materials sand fibers of water-reducer
2 min
Mixing ‘

Mising |WEEEp |  Mixing
0.5 min
Powder
admixture

. ) Forming and
Curing - Demolding . vibrating

Figure 1. The manufacturing process of the specimens.
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The mechanical strengths (compressive strength and flexural strength) of specimens
were determined by the YAW-300 microcomputer full-automatic universal tester with the
maximum testing force of 300 kN provided by Henruijin Co., Ltd., Jinan, China according
to GB/T 17671-1999 Chinese standard [31]. Additionally, the experimental process of
the bonding strength is described as following. The cement mortars made by ordinary
Portland cement and quartz sand were prepared for the measurement of bonding strength.
The water-cement ratio of the cement mortar was 0.2, and the sand-cement ratio was 2.5.
After the specimens were demolding and cured in standard curing room for 28 days, the
specimens were cut in two halves and each half of specimens was repaired by the SAC-RPC.
The specimen for the measurement of bonding strength is shown in Figure 2.

80 mm 80 mm

I 1

40 mm 2 Ordinary portland
/ cement mortar

Repairing material

Figure 2. Specimen for the measurement of bonding strength.

The experiments of NaCl freeze-thaw cycles and carbonation test were carried out
according to the Chinese Standard GB/T 50082-2009 [32]. All specimens for the experiment
of NaCl freeze-thaw cycles were cured in the standard curing room for 24 days. The
BWDR-I rapid freeze-thaw concrete testing machine produced by Cangzhou Zerui Test
Instrument Co., Ltd., Cangzhou, China was provided for the experiment of NaCl freeze-
thaw cycles. The temperature for NaCl freeze-cycles was —15-8 °C. Before experiment of
NaCl freeze-cycles, all specimens were immersed in 3% NaCl solution for 4 days. After this
process, the specimens were moved in the stainless-steel sealed casing filled with 3% NaCl
solution for the experiments of NaCl freeze-cycles. The specimens cured for 28 days were
applied for the experiment of carbonation. CCB-70F automatic concrete carbonation test
box produced by Tianjin Deste Instrument Technology Co., Ltd. (Tianjin, China) was used
for the carbonation experiment. The concentration of carbon dioxide for the carbonation
experiment was 20% by the mass ratio of the total mass of gas. The specimens for the
carbonation experiment were cured in the CCB-70F automatic concrete carbonation test
box for 60 days before determination. The coupling effects of NaCl freeze-thaw cycles and
carbonation can be described as the following steps. Three specimens of each group were
cured in the CCB-70F automatic concrete carbonation test box for 60 days and then the
specimens were moved for the experiment of NaCl freeze-thaw cycles.

3. Results and Discussion
3.1. Mechanical Strength

Figure 3 shows the flexural and compressive strengths of basalt fibers reinforced
SAC-RPC. As shown in Figure 3, the flexural and compressive strengths of basalt fibers
reinforced SAC-RPC increased with the increasing dosage of basalt fibers and the curing
time. When the curing age was 5 h, the flexural and compressive strengths of basalt
fibers reinforced SAC-RPC was higher than 8.53 MPa and 34 MPa, respectively, which was
enough to the passage of vehicles. When the dosages of basalt fibers increased from 0% to
1%, the flexural and compressive strengths of basalt fibers reinforced SAC-RPC increased
slowly, due to the fact that the basalt fibers could effectively decrease crack propagation
and improve the mechanical strengths of SAC-RPC [33,34]. However, the agglomeration
of basalt fibers could induce the reduction in the mechanical strengths [35]. When the
content of basalt fibers was 0-1%, the enhancement effect of basalt fibers is close to the
weakening effect. Therefore, the mechanical strengths of basalt fibers reinforced SAC-RPC
varied slowly with the increasing addition of basalt fibers. Meanwhile, when the content of
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basalt fibers increased from 1% to 3%, the mechanical strengths of basalt fibers reinforced
SAC-RPC increased obviously. This was attributed to the reinforcement of basalt fibers [36].
Additionally, when the dosages of basalt fibers increased from 3% to 4%, the mechanical
strengths of basalt fibers reinforced SAC-RPC reached a stable value. Consequently, it
could be obtained from Figure 3, the basalt fibers volume of 3% was the threshold value of
mechanical strengths of basalt fibers reinforced SAC-RPC in this study.
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Figure 3. The mechanical strength of basalt fibers reinforced SAC-RPC.

Figure 4 shows the bonding strength (7) of cement mortar repaired by basalt fibers
reinforced SAC-RPC. As shown in Figure 4, the curing ages and the dosages of basalt fibers
demonstrated positive roles on the bonding strength of basalt fibers reinforced SAC-RPC.
It could be observed from Figure 4 that the volume ratio of 3% was the threshold value of
bonding strength. When the dosage of basalt fibers increased from 0% to 3%, the bonding
strength of basalt fibers reinforced SAC-RPC increased sharply with the increasing dosages
of basalt fibers. When the content of basalt fibers was higher than 3%, the bonding strength
of basalt fibers reinforced SAC-RPC kept at a stable value.

Figure 5 shows the bonding strength loss rate (1) compared to that of flexural strength
(ft) which can be expressed in Equation (1).

n=ﬁjf M

As shown in Figure 5, the bonding strength loss rate ranged from 52.63% to 65.73%,
indicating that the bonding strength was 34.27-47.37% of the flexural strength. It can be
observed from Figures 3-5 that the error bars of mechanical strengths are relatively low
(less than 0.1), indicating a low discreteness in the experimental observations. Moreover, it
could be observed from Figures 3-5, the addition of basalt fibers was more favorable to the
flexural and bonding strengths than that of compressive strength.
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Figure 4. Bonding strength of cement mortar repaired by SAC-RPC.
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Figure 5. The bonding strength loss rate compared to that of flexural strength.

3.2. Mechanical Properties of SAC-RPC during NaCl Freeze-Thaw Cycles

Figure 6 demonstrates the mass loss of basalt fibers reinforced SAC-RPC during NaCl
freeze-thaw cycles. Table 3 shows the fitting results of the relationship between the number
of freeze-thaw cycles and mass loss rate. As illustrated in Figure 6 and Table 3, the mass
loss rate of the basalt fibers reinforced SAC-RPC increased in the form of quadratic growth
function. This was attributed to the fact that the NaCl freeze-thaw cycles could make
the inner frost heaving stress of basalt fibers reinforced SAC-RPC increasing, leading to
the mass loss of SAC-RPC increased. [37,38]. Meanwhile, as obtained from Figure 6 that
the addition of basalt fibers could effectively decrease the mass loss rate and improve the
resistance of NaCl freeze-thaw cycles.
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3.0 % Fibers
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Figure 6. The mass loss rate of SAC-RPC during NaCl freeze-thaw cycles.

Table 3. The fitting results of mass loss rate and the number of NaCl freeze-thaw cycles (N).

Fibers

. 2
Equation Content/% a b c R
0 0.03881 —412 x 1075 0.512 0.964
1 0.01845 325 x 107° 0.0689 0.967
Am _ 2
m = @N"+DbN+c 2 0.01595 273% 1075 —0.0685 0.967
3 0.00656 433 x 1073 0.0935 0.996
4 0.0062 3.19 x 10° 0.0173 0.980

Figure 7 presents the mechanical strengths loss rate of basalt fibers reinforced SAC-
RPC during NaCl freeze-thaw cycles. Table 4 shows the fitting results of mechanical loss
rate and the number of NaCl freeze-thaw cycles (N). As illustrated in Figure 7 and Table 4,
the mechanical strengths loss rate of SAC-RPC increased in the form of quadratic function
with the number of NaCl freeze-thaw cycles. This was attributed to the fact that the NaCl
freeze-thaw cycles could increase the inner cracks of basalt fibers reinforced SAC-RPC,
meanwhile, the NaCl freeze-thaw cycles caused the freeze-thaw fatigue to the basalt fibers
reinforced SAC-RPC and reduced the mechanical strengths of basalt fibers reinforced SAC-
RPC. Furthermore, the addition of basalt fibers could effectively improve the attenuation of
NaCl freeze-thaw cycles due to the limiting effect of freeze-thaw cracks [39,40]. Moreover,
the basalt fibers possess excellent corrosion resistance of corrosion. Consequently, the
addition of basalt fibers demonstrated positive effect on the resistance of NaCl freeze-thaw
cycles. It can be obtained from Figure 7a—c, the compressive strength decreased the least
during the NaCl freeze-thaw cycles, however, the flexural strength lost the highest.
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Figure 7. The mechanical strengths loss rate of SAC-RPC during NaCl freeze-thaw cycles. (a) The
flexural strength loss rate, (b) the compressive strength loss rate, (c) the bonding strength loss rate.
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Table 4. The fitting results of mechanical loss rate and the number of NaCl freeze-thaw cycles (N).

Mechanical Strengths Equation Fibers Content/% a b c R?
0 0.0281 1.19 x 104 0.554 0.974
Flexural strength 1 0.0329 8.10 x 1075 0.449 0.970
ATft = aN2 + bN + ¢ 2 0.0255 5.28 x 107° 0.267 0.978
' 3 0.0248 3.47 x 105 0.170 0.990
4 0.0189 423 x 107> 0.247 0.980
0 0.0245 592 x 107 0.0519 0.977
) 1 0.0249 439 x 1075 0.0931 0.967
Compressive strength % — N2+ BN 4 ¢ 2 0.0216 3.69 x 105 —0.0926 0.967
“ 3 0.00887 5.85 x 107> 0.126 0.996
4 0.00839 432 x 1070 0.0234 0.980
0 0.0395 5.60 x 107> 0.468 0.964
Bonding strength 1 0.0336 4.46 x 1075 0.622 0.930
AT — aN? + BN +¢ 2 0.0298 3.14 x 1075 0.317 0.944
3 0.0237 5.02 x 1073 0.215 0.985
4 0.0211 461 x 1075 0.247 0.972

3.3. Mechanical Properties of SAC-RPC during the Coupling Effect of Carbonation and NaCl
Freeze-Thaw Cycles

The carbonation depth of basalt fibers reinforced SAC-RPC is shown in Figure 8.
Table 5 shows the results of the fitting parameters. As depicted in Figure 8 and Table 5, the
carbonation depth of basalt fibers reinforced SAC-RPC demonstrated a descending trend
with the volume of basalt fibers. The fitting equation of the relationship between the volume
of basalt fibers and carbonation depth conforms to the quadratic decreasing function.
Meanwhile, the NaCl freeze-thaw cycles could lead to increasing the carbonation depth.
This was attributed to the fact that the basalt fibers could decrease the number and size of
cracks in SAC-RPC thus decreasing the contact of CO, and Ca(OH); leading eventually to
decreasing the carbonation depth of basalt fibers reinforced SAC-RPC [41,42]. However,
the NaCl freeze-thaw cycles were able to accelerate the formation and propagation of
cracks thus increasing the carbonation depth of basalt fibers reinforced SAC-RPC.

1.6
= (0 NaCl freeze-thaw cycles
14+ o 100 NaCl freeze-thaw cycles
g A 200 NaCl freeze-thaw cycles
g 1.2} A 300 NaCl freeze-thaw cycles
a
% 1.0+ N
g
= 0.8
<
5 5
2 0.6
<
Q o
0.4+
[m]
02
1 " 1 " 1 " 1

4

[w)

1 2 3
Content of basalt fibers/%

Figure 8. Carbonation depth of SAC-RPC during different NaCl freeze-thaw cycles.
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Table 5. The fitting results of basalt fibers volume and the carbonation depth.

Equation NaCl Freeze-Thaw Cycles a b c R?
0 —0.164 00214 0497  0.99%
o 100 —0202 0018  0.853 0954
D=aVo+bV +c 200 —0.109 000571  1.005 0.993
300 —0218 0018 1319 0.989

Figure 9 shows the mechanical strengths loss rate of SAC-RPC under the coupling
effect of carbonation and NaCl freeze-thaw cycles. Table 6 is the fitting result of mechanical
loss rate and the volume of basalt fibers. It can be observed from Figure 9 and Table 6, the
mechanical strengths loss rate decreased in the form of the quadratic function with the
increasing dosage of basalt fibers. This was attributed to the limiting effect of basalt fibers on
cracks [43]. When only carbonation was applied to the SAC-RPC the mechanical strengths
rarely changed due to the fact that the substances (CaCOj3) produced by carbonation
reaction demonstrated little influence on the mechanical strengths of SAC-RPC. However,
when the coupling effect of carbonation and NaCl freeze-thaw cycles acted on the SAC-
RPC, the mechanical strengths loss rate increased obviously with the increasing numbers
of NaCl freeze-thaw cycles. The NaCl freeze-thaw cycles could accelerate the development
of internal cracks which in turn facilitate the ingression of carbon dioxide to corrode the
cement matrix. These two factors will be coupled and further accelerate the deterioration
of SAC-RPC. As obtained from Figure 9a—c, the flexural strength of SAC-RPC decayed the
most seriously under the environment of coupling effect of salt freeze-thaw cycles and
carbonation. However, the attenuation of the compressive strength was the least.

Table 6. The fitting results of mechanical loss rate and the volume of basalt fibers (V) under the coupling effect of carbonation

and NaCl freeze-thaw cycles.

Mechanical Strengths Equation NaCl Freeze-Thaw Cycles a b c R?
0 —0.344 0.0874 —0.338 0.860
Flexural strength 100 —1.523 0.0871 8.777 0.989
S —av2 bV 4c 200 2773 0127 16129  0.999
300 —5.586 0.543 22.807 0.985
0 —0.297 0.0511 0.486 0.741
. 100 —1.342 0.129 6.412 0.974

Compressive strength Ao ) B

Sl — gV2 4 bV 4 ¢ 200 1.699 0.114 11.127 0.937
300 —2.304 0.0893 17.477 0.940
0 —0.240 0.0232 0.722 0.987
Bonding strength 100 —1.342 0.129 6.412 0.974
AT —aV2 4+ bV +c 200 3242 0400 12.898 0.888
300 —2.31571  0.0614 20.227 0.989

It can be obtained from this study that the addition of basalt fibers showed better
enhancement effect on the flexural and bonding strengths of SAC-RPC. However, the
flexural and bonding strengths descended more obviously than that of the compressive
strength. Compared the basalt fibers with the steel fibers reinforced SAC-RPC [24], basalt
fibers reinforced SAC-RPC showed more excellent resistance to the NaCl freeze-thaw cycles.
Furthermore, the mechanical strengths of basalt fibers reinforced SAC-RPC was worse than
that of steel fibers reinforced SAC-RPC.
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4. Conclusions

Figure 9. The mechanical strengths loss rate of SAC-RPC under the coupling effect of carbonation
and NaCl freeze-thaw cycles, (a) The flexural strength loss rate, (b) The compressive strength loss

In this study, the mechanical strengths of basalt fibers reinforced SAC-RPC and the

bonding strength of cement mortar repaired by this material were investigated. Moreover,



Coatings 2021, 11, 1142 12 of 14

the following resistance to NaCl freeze-thaw cycles and the coupling effect of NaCl freeze-
thaw cycles and carbonation were researched. The conclusions were summarized as
follows:

1. The addition of basalt fibers demonstrated positive effect on the mechanical strengths
and the resistance of NaCl freeze-thaw cycles and carbonation. The basalt fibers’
volume of 3% was the threshold value of the mechanical strengths. The enhancing
effect of basalt fibers on flexural and bonding strengths was more obvious than that
of compressive strength. When the curing age was higher or equal to 5 h, the flexural,
compressive and bonding strengths of SAC-RPC were higher than 8.53 MPa, 34 MPa
and 3.21 MPa, respectively.

2. The mass loss and the mechanical strengths of basalt fibers reinforced SAC-RPC
showed an increasing quadratic function with the increasing number of NaCl freeze-
thaw cycles. Meanwhile, the loss rate of mechanical strengths and carbonation depth
decreased in the form of quadratic function with the volume of basalt fibers.

3. The carbonation demonstrated little effect on the mechanical strengths of basalt fibers
reinforced SAC-RPC. However, the coupling effect of carbonation and NaCl freeze-
thaw cycles could accelerate the attenuation of mechanical properties. The SAC-RPC
with basalt fibers showed better resistance to NaCl freeze-thaw cycles than that of
steel fibers reinforced SAC-RPC. Furthermore, the mechanical strengths of SAC-RPC
with basalt fibers were worse.
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