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Experimental study of size effect on splitting tensile strength of basalt fibre
reinforced concrete at low temperature

YU Wenxuan'*, FAN Meiyu®, JIN Liu*, DU Xiuli’

(1. Department of Hydraulic Engineering, Tsinghua University, Beijing, 100084, China; 2. Key Lab of Urban Security
and Disaster Engineering ( Beijing University of Technology) , Ministry of Education, Beijing 100124, China)

Abstract; To study the quantitative influence and action mechanism of structural size and fiber volume fraction on
the splitting tensile strength of basalt fiber reinforced concrete ( BFRC) at extreme low temperature, four sizes
(side lengths of 70, 100, 150, and 200 mm) and four fiber volume fractions (fraction range of 0% ~0.5% ) of
BFRC cubic specimens were designed for static splitting tensile failure tests at room and low temperatures
(temperature range of 20 ~ —90 “C). The experimental results show that all the splitting tensile strengths of
different type of concrete increase linearly with the decreasing temperature (with a maximum increase of nearly
130% ) , showing a significant low-temperature strengthening effect. The incorporation of basalt fibers can slightly
improve the low-temperature strengthening effect of splitting tensile strength. All the splitting tensile strengths of
BFRC with different fiber volume fractions show a certain fiber reinforcement effect, which can be enhanced with
the increase of volume fraction. At extreme low temperature, the dominant failure mode of basalt fiber changes from
pull-out failure to rupture failure, which can cause the enhancement of fiber reinforcement effect with the decreasing
temperature. The size effect on splitting tensile strength increases with the decreasing temperature, while the
addition of basalt fibers can effectively weaken the size effect (with maximum weakening degree of 25.8% ). This
study provides an effective reference for the applications of BFRC in engineering structures exposed to extreme low-
temperature environments.

Keywords: basalt fiber reinforced concrete; cryogenic temperature; fiber volume fraction; splitting tension;
size effect
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JERIECH 2. 65 B RARITAS CRiA2/NT 5 mm) , T 4%
KK, SO5 R Ay Foy AN SRR R v ME BB VS K R, A B
AIVE FH I SR R Y IR AR R A R ARSr A 5 ~ 25 mm,
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Tab.1 Normal concrete and basaltfibre reinforced concrete composition kg/m’
A Kk i HLHE WK IR wH RRALTH
NC 198 840 1 100 168 3.3 66 66 0
BFRC-VO01 198 840 1 100 168 3.3 66 66 2.6
BFRC-V03 198 840 1100 168 3.3 66 66 7.8
BFRC-V05 198 840 1100 168 3.3 66 66 13.0

B1 ZXHREHE
Fig.1 Basalt fibre

x2 ZTREFEVRIERE
Tab.2  Physical properties of basalt fibre

KR/ HAR, PR/ fRidEsiE, AR/
mm wm MPa GPa %
18 16 2 650 81.9 3.22
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Tab.3  Splitting tensile test conditions and results
K H o AT % PR/ mm WE/C PR E/AN  FBFRRE/ MPa R REU%
NC-D70-T20 0 70 x70 x70 20 24.32 £3.08 3.16 £0.40 12.67
NC-D100-T20 0 100 x 100 x 100 20 45.76 +3.07 2.91+0.20 6.71
NC-D150-T20 0 150 x 150 x 150 20 99.49 +4.66 2.82+0.13 4.69
NC-D200-T20 0 200 x 200 x 200 20 170.87 +4.66 2.72 £0.07 2.73
NC-D70-T-30 0 70 x70 x70 -30 37.01 £4.52 4.81£0.59 12.27
NC-D100-T-30 0 100 x 100 x 100 -30 68.15 +3.95 4.34£0.25 5.79
NC-D150-T-30 0 150 x 150 x 150 -30 140.01 +18.32 3.96 £0.52 13.08
NC-D200-T-30 0 200 x 200 x 200 -30 224.92 +16.77 3.58 £0.27 7.46
NC-D70-T-60 0 70 x70 x70 -60 47.32 +4.27 6.15 +0.56 9.03
NC-D100-T-60 0 100 x 100 x 100 -60 87.37 £6.09 5.57+£0.39 6.97
NC-D150-T-60 0 150 x 150 x 150 -60 179.44 £21.93 5.08 £0.62 12.22
NC-D200-T-60 0 200 x 200 x 200 -60 303.21 +£16.33 4.83£0.26 5.38
NC-D70-T-90 0 70 x70 x70 -90 53.68 +3.61 6.98 £0.47 6.73
NC-D100-T-90 0 100 x 100 x 100 -90 101.73 +6.61 6.48 £0.42 6.50
NC-D150-T-90 0 150 x 150 x 150 -90 212.60 +13.44 6.02 £0.27 4.47
NC-D200-T-90 0 200 x 200 x 200 -90 347.80 £7.54 5.54£0.12 2.17
M-D100-T20 0 100 x 100 x 100 20 40.31 +0.56 2.57+0.04 1.38
M-D100-T-30 0 100 x 100 x 100 -30 54.71 =1.70 3.49 £0.11 3.12
M-D100-T-60 0 100 x 100 x 100 -60 62.29 +1.67 3.97 £0.11 2.69
M-D100-T-90 0 100 x 100 x 100 -90 79.12 £0.99 5.04 £0.06 1.24
BFRC-V01-D100-T20 0.1 100 x 100 x 100 20 51.59 £1.72 3.29 £0.11 3.33
BFRC-V01-D100-T-30 0.1 100 x 100 x 100 -30 77.97 £5.57 4.97 +£0.35 6.96
BFRC-V01-D100-T-60 0.1 100 x 100 x 100 -60 101.30 +9.50 6.45 +0.61 9.38
BFRC-V01-D100-T-90 0.1 100 x 100 x 100 -90 118.47 +3.88 7.55+0.25 3.27
BFRC-V03-D70-T20 0.3 70 x70 x70 20 28.66 +2.67 3.73 £0.35 9.31
BFRC-V03-D100-T20 0.3 100 x 100 x 100 20 55.54 £1.92 3.54£0.12 3.45
BFRC-V03-D150-T20 0.3 150 x 150 x 150 20 122.07 +14.48 3.46 £0.41 11.86
BFRC-V03-D200-T20 0.3 200 x 200 x 200 20 219.13 +19.54 3.39£0.42 12.25
BFRC-V03-D70-T-30 0.3 70 x70 x70 -30 45.01 £5.52 5.85+0.72 12.27
BFRC-V03-D100-T-30 0.3 100 x 100 x 100 -30 84.75 +8.44 5.40 £0.54 9.96
BFRC-V03-D150-T-30 0.3 150 x 150 x 150 -30 175.51 +4.95 4.97 +0.14 2.82
BFRC-V03-D200-T-30 0.3 200 x 200 x 200 -30 293.79 +£32.68 4.68 £0.52 11.12
BFRC-V03-D70-T-60 0.3 70 x70 x70 -60 57.85+1.62 7.52£0.21 2.79
BFRC-V03-D100-T-60 0.3 100 x 100 x 100 -60 109.57 +4.35 6.98 £0.28 3.97
BFRC-V03-D150-T-60 0.3 150 x 150 x 150 -60 231.42 +28.36 6.55+0.80 12.25
BFRC-V03-D200-T-60 0.3 200 x 200 x 200 -60 388.24 +£35.12 6.18 +0.56 9.07
BFRC-V03-D70-T-90 0.3 70 x70 x70 -90 66.09 +3.23 8.59 +0.42 4.89
BFRC-V03-D100-T-90 0.3 100 x 100 x 100 -90 127.11 +17.75 8.10+1.13 13.96
BFRC-V03-D150-T-90 0.3 150 x 150 x 150 -90 269.03 +9.22 7.62 £0.26 3.43
BFRC-V03-D200-T-90 0.3 200 %200 x 200 -90 457.84 +32.95 7.24 £0.73 10.08
BFRC-V05-D100-T20 0.5 100 x 100 x 100 20 56.88 £3.46 3.62 +£0.22 6.08
BFRC-V05-D100-T-30 0.5 100 x 100 x 100 -30 87.37 +6.09 5.57 £0.39 6.97
BFRC-V05-D100-T-60 0.5 100 x 100 x 100 -60 111.38 +3.71 7.19 £0.24 3.33
BFRC-V05-D100-T-90 0.5 100 x 100 x 100 -90 133.33 £17.61 8.49 +1.12 13.21
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Fig.2 Low-temperature test loading process
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Fig.3 Comparison of failures between NC-D100 and BFRC-V03-D100 specimens at different temperatures
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Fig.4 Local fracture details undersplitting tensile failure at different temperatures
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Failure details of splitting tensile fracture surface of BFRC-V03-D100 specimens at different temperatures under Olympus
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Fig. 6  Splitting failure mechanism of basalt fibre reinforced concrete at different temperatures
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Fig.7 Load-displacement curves of concrete specimens under different working conditions
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Fig. 10  Size effect on splitting tensile strength of concrete at different temperatures
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