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Table 1 Physical properties of basalt fiber (BF)

Length/mm  Diameter/um Elastic modulus/GPa Tensile strength/MPa  Breaking elongation/%  Density/(kg-m~) Shape
12 20 100 4500 3.2 2700 Monofilament dispersion
&2 RRERIEAL
Table 2 Concrete mixture ratio
Mix proportion/(kg-m™)
Sample w(Water reducer)/%  Water/binder ratio  ¢(Basalt fiber)/%
Cement Sand Gravel Water Fly ash

BFRC-0 380 751 1037 170 67 0.13 0.38
BFRC-1 380 751 1037 170 67 0.13 0.38 0.10
BFRC-2 380 751 1037 170 67 0.13 0.38 0.20
BFRC-3 380 751 1037 170 67 0.13 0.38 0.30

w is mass fraction. ¢ is volume fraction.
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Table 3 Soluble salt composition of saline soil in Golmud w/(mg-kg™)
cr HCO5~ 50,2 COs% Ca* Mg Na'+K* Total
81016 181 15648 59 5840 397 22887 126 028
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(a) Salt-freeze-thaw cycle test equipment
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(b) Salt-freeze—thaw cycle test loading system
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Fig. 1 Salt-freeze-thaw cycle test equipment and loading system
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Fig. 2 Mass loss rate curves of basalt fiber reinforced concrete
(BFRC) under Na,SO,-solution freeze—thaw cycle
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Fig. 3 Relative dynamic elastic modulus loss rate curves of
BFRC under Na,SO,-solution freeze—thaw cycle
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Fig. 4 Compressive strength of BFRC during Na,SO,-solution
freeze-thaw cycle
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Fig. 8 Meshing diagram of a BFRC model
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(c) BFRC-2

PEEQT is equivalent plastic tensile strain.
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(b) BFRC-1

PEEQT
(Avg:75%)

+9.024x102
+8.272x102
+7.520x10°

(d) BFRC-3

B9 NaSO, - B FEE 120 Yk BFRC M AMILHRA 156 55 47 BR TG HEA 45 Xt L
Fig. 9 Comparison of appearance damage test and finite element simulation of BFRC after 120 Na,SO, solution-freeze—thaw cycles

60 F [E3] Measured value Predicted value

Splitting tensile strength/MPa
[\ (O8] ~ W
[e) (e (e [e)
T T T T

—_—
(=
T

0 30 60 90 120
Freeze—thaw cycle/times

K110 BFRC 7£ Na SO, i Vi- 1R Bl G A1 F T B 5 B2 16
185 BEADUE 0T LE
Fig. 10 Comparison of the measured and predicted values of
the compressive strength of BFRC under NaySO,
solution-freeze—thaw cycle
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(i) BFRC-0 (N=120)

N is number of cycles.

(j) BFRC-1 (N=120)

(k) BERC-2 (N=120)

(1) BFRC-3 (N=120)

11 A BF B8 BFRC 7E Na SO, -7 A EF A F T LN A 2 18
Fig. 11 Elastoplastic strain contours of concrete under Na,SO, solution-freeze-thaw cycle of BFRC with different BF contents
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S, S33 is Z-axis stress.

(j) BFRC-1 (N=120)

B 12  Na,SO, ¥R -AIEFFAE R N BFRC %450 B f1 =

(k) BFRC-2 (N=120)

(1) BFRC-3 (N=120)

Fig. 12  Stress contour of BFRC during the freezing phase of Na,SO, solution-freeze-thaw cycle
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S, Mises is Mises stress.
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K113 Na,SO, i l-RIEIAER T BFRC H BF MR 45 BN /1354 =
Fig. 13 Stress contour of BF in BFRC during the freezing phase of Na,SO, solution-freeze-thaw cycle
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Extended Abstract

Introduction On the Loess Plateau in western China, there exists a large number of saline soils, most of which contain salts,
typically of sulfate and chloride salts. Since the sulfates in saline soils are sensitive to temperature changes, they are susceptible to salt
crystallization expansion and frost heave at low temperatures, which can lead to destruction of concrete structures. Salty soils and
freeze—thaw environments cause concrete to be subjected to the coupled effects of simultaneous sulfate attack and freezing and
expansion, which further increases the deterioration degree of concrete and seriously threatens the durability of concrete in this area.
Adding fibers to concrete can effectively inhibit the plastic shrinkage cracking and improve the durability of concrete such as wear
resistance, impermeability and frost resistance. Basalt fiber (BF) has excellent properties such as high strength, light weight, high
temperature resistance, high elastic modulus, fracture resistance and corrosion resistance, and it is easy to disperse in concrete and has
excellent cooperative work performance with concrete. Therefore, in this paper, the durability of concrete is improved by
incorporating an appropriate amount of BF into the concrete to reduce the initial defects and slow down the rate of corrosive ions into
the interior of the concrete. Furthermore, the effect of different BF admixtures on the relative dynamic modulus of elasticity, mass loss,
compressive strength, and splitting tensile strength of concrete during salt freezing were investigated. The effect of the included BF is
also clarified.

Methods The concrete was prepared by P-O 42.5 ordinary Portland cement, 11 grade fly ash, 5-20 mm continuous graded gravel
and natural river sand fineness modulus of 2.83. The volume content of basalt fiber was 0%, 0.1%, 0.2% and 0.3%. The test was
carried out with reference to the quick-freezing method in GB/T 50082—2009 ‘Test method for long-term performance and durability
of ordinary concrete’, using HC-HDK9/Y type fast freeze-thaw cycle tester. According to the content of corrosive ions in saline soil
in western China, Na,SO, salt solution with a concentration of 23 g/L was selected for freeze-thaw cycle test. The loss rates of mass,
relative dynamic elastic modulus, the compressive strength and splitting tensile strength during the test were tested. At the same time,
Numerical simulation tests were carried out using finite element software ABAQUS to analyze the changes of internal stress and
strain fields of basalt fiber reinforced concrete (BFRC) during the tests.

Results and discussion The mass and relative dynamic elastic modulus of BFRC under the action of Na,SO, solution-freeze—thaw
cycle raised first and then decrease with growth of the number of freeze-thaw cycles. The compressive strength and split tensile
strength decrease with the increase of the number of freeze-thaw cycles. The addition of BF slows down the formation of corrosion
products and expansion products. Under the same number of freeze-thaw cycles, the addition of BF reduces the generation of
microcracks in concrete and prevents crack propagation. The addition of BF improves the freeze-thaw resistance of concrete in
Na,SO, solution. And the freeze-thaw resistance performance gradually improves with the increase of the BF volumetric doping
within the range of 0.1% to 0.3%. Moreover, the best performance of freeze resistance in Na,SO, solution is achieved when BF
doping is 0.3%.

The internal stress and strain fields of BFRC with different BF dosage during Na,SO, solution-freeze—thaw cycle test decrease
with increasing the BF dosage. At the same BF dosage, the stress and strain increase with increasing the number of freeze—thaw cycles,
and the dynamic numerical simulation was in good agreement with the experimental results. Using the ‘equivalent temperature load’
method, the salt solution-freeze—-thaw cycles test process can be effectively simulated by ABAQUS finite element software. The
numerical simulation results also show that the stress field of concrete and BF as well as the strain field of BFRC have changed, and
that BF plays the role of transferring and dispersing the stresses during the freeze-thaw cycling process, which leads to the
phenomenon of stress redistribution inside the concrete, and improves the salt-freezing resistance of concrete.

Conclusions In this work, the macroscopic properties and microscopic changes of BFRC with different amounts of BF were studied
under the combined effect of Na,SO, erosion and freeze—thaw. The main conclusions are that the addition of BF significantly reduces
the loss rate of concrete mass, relative dynamic elastic modulus, compressive strength and splitting tensile strength during the
freeze—thaw cycle of Na,SO, solution. BF can transfer and disperse the stress, so that the stresses are redistributed inside the concrete
during the freeze—thaw process, thus improving the salt-freeze resistance of concrete. In addition, when the BF content is 0.3%, BFRC
has the best resistance to Na,SO, salt erosion-freezing performance. Meanwhile, BF shows an important effect in the evolution of
freeze-thaw damage evolution of concrete, which can be visualized effectively by finite element model.

Keywords basalt fiber reinforced concrete; freeze—thaw cycle; sulfate; finite element simulation



