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Experimental study of the performance of basalt fiber shotcrete
under heat damage
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Abstract: We studied the effect of different amount of basalt fiber on the splitting strength, bond strength
and other mechanical properties of shotcrete under the context of tunnel heat-harm by using a combined
method of model test, approximate simulation wet shotcrete technique, quantitative analysis and
microscopic testing. Then we compared mechanical properties of shotcrete with different amount of basalt
fiber both under standard curing and dry heating curing, and added silica fume and steel fiber into shotcrete
to find an effective way to solve heat-harm. The results show that the basalt fiber added to the shotcrete

can increase the strength of the shotcrete and resist cracks, which improves the fragility of shotcrete.
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Moreover, in dry and hot environment, a small amount of basalt fiber added can improve the mechanical

properties of shotcrete. When the mixing amount of basalt consists of 0. 1 percent basalt fiber and 5 percent

silica fume, the mechanical properties of shotcrete is the best, and 0. 2 percent basalt fiber added can also

improve to a certain degree,

In practice, adding moderate amount of basalt fiber and silica fume into

shotcerete can reduce the damage of concrete under heat-harm.
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Test condition one (number of test-piece for each condition)

Bl A b (R B AR DR R R )

FAP A B Ry H y 0.05% 0.1% 0.15% 0.2%
0.0
’ (1.325 kg (2.65 kg) (3.975 kg (5.3 kg)
T o 5 47
25 5 B 6 6 6 6 6
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Table 2 Test condition two (number of test-piece for each condition)
it A& L CZ B 4 4k R B R 78D
FA R WK H ) 0.05% 0.1% 0.15% 0.2% 5% 6K+ v
0.0 1
Y1325 kg) (2.65kg) (3.975 kg) (5.3 k) 0.1%% ’
o B 2R i 3 3 3 3 3 3 3
b
R 25 5 JiE 6 6 6 6 6 6 6
B 2 i 3 3 3 3 3 3 3
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Table 3 Size select of cube test-piece

OB RORLAZ /mm AR
31.5 100 mm X100 mm X100 mm
37.5 150 mm X150 mm X150 mm
63.0 200 mm X 200 mm X200 mm
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Table 4 Conversion ratio of compressive strength

AR BB R
100 mm>X100 mm X100 mm 0.95
150 mm X150 mm X150 mm 1. 00
200 mm X 200 mm X 200 mm 1.05
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Simulation of hot and dry environment
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Table S5 First time material-consuming situation
415 C/kg W/kg G/kg S/kg W MG /g wWUkRl/e K/ Zfﬁ%g @2?
4R/ g 4t /kg
55 1410, 0%) 8.8 3.96 16. 2 19 105 264 40 0
552 4100.5%) 8.8 3.96 16.2 19 80 264 41 33.125
H34AX%) 8.8 3.96 16. 2 19 160 264 66. 25
A 5%) 8.8 3.96 16. 2 19 110 264 99. 375
%5 HEY) 8.8 3.96 16. 2 19 115 264 132.5
T« £F 4 45 1 8 R U B
5 2 HE I . e AR - meo =440 kg, mao =198 kg

IR A - B RS T 35 e/ A0 3k s IF BEAT HEA

mg, =950 kg, my, =810 kg, my =22 kg,
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Table 6 Second time material-consuming situation
- " TG LSS
2153 C/kg W/kg G/kg S/kg WL HBER /e WOKF/e  #EK/g ) )
Y Jfi /g 4t/ kg
1 4400.0%) 8.8 3.96 16.2 19 105 264 40 0
52 400.5%) 8.8 3.96 16.2 19 80 264 41 33.125
% 3HA 8.8 3.96 16.2 19 160 264 66. 25
B AHA5%) 8.8 3. 96 16. 2 19 110 264 99. 375
%5 HEY) 8.8 3.96 16.2 19 115 264 132.5
956 (5% RE+
8.8 3. 96 16.2 19 150 264 440 132.5
1.0Y%Z)
557 4
» 8.8 3.96 16.2 19 110 264 1.57
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Fig. 2 Splitting test
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Fig. 3 Reading data
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Table 7 First time splitting test data under standard curing

bR

TH —
3% i / MPa P& L)

0% 66. 6 1
0.05% 62.5 0.938
0.1% 54.7 0.821
0.15% 54.0 0.811
0.2% 63.0 0.946

PRIR T A 2 YR B B R0 B . IR 8 PR
#8 RFRATE 2 XBRARYE

Table 8 Second time splitting test data under standard curing

(013

T

5 JE A/ MPa B Ll
0% 62.31 1
0.05% 55.03 0.883
0.1% 56.03 0. 899
0.15% 55.50 0. 883
0.2% 59.93 0. 962
0. 1% % +5% Rk K 67.23 1.079
126 e 4
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Table 9 First time bonding test data under standard curing

laEis

T —
i i / MPa 25 Ll

0% 31.6 1
0.05% 32.3 1.022
0.1% 33.3 1. 054
0.15% 31.9 1. 010
0.2% 35.9 1.136

b FF T AR 2 YOI B Rk 45 G R B, 3k 10
IV
F 10 RFRAETE 2 RS RB R

Table 10 Second time bonding test data under standard curing

%13
T
iR Al / MPa 2 el
0% 28.4 1

0.05% 28.8 1.014
0.1% 29.5 1. 039
0.15% 29.2 1.028
0.2% 31.1 1. 095

0. 1% K +5%FEK 33.7 1.187
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Fig. 4 Splitting strength under standard caring
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Fig.5 Bonding strength under standard caring
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Table 11  First time splitting test data under dry

and hot environment

T

R - -

5 i/ MPa P = e il
0% 34.7 1
0.05% 33.5 0. 965
0.1% 35.6 1.026
0.15% 34.4 0.991
0.2% 37.3 1.075

TR R AR 2 YOI 6 B R0 B R L k12
JIT7R
R12 FTARETE 2 RBERELBEE
Table 12 Second time splitting test data under dry

and hot environment

br %

T

3 % {8 / MPa 2 L)
0% 42.50 1

0.05% 39. 27 0.924
0.1% 36.75 0. 865
0.15% 37.77 0. 889
0.2% 41. 80 0.984
0. 1% % +5% kK 44.50 1.047
1% 894 4 43. 24 1.017
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Table 13  First time bonding test data under

dry and hot environment

Fr %

T —
i i {E / MPa & v Ll

0% 24. 1 1
0.05% 24.2 1. 004
0.1% 23.3 0.967
0.15% 26.1 1.083
0.2% 30. 2 1. 253
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Table 14 Second time bonding test data under

dry and hot environment

b7

T

il / MPa £ Ll
0% 28.2 1

0.05% 27.4 0.972
0.1% 26.0 0.921
0.15% 28.0 0.993
0.2% 29.9 1. 060
0. 1% % +5 % fE K 35.6 1.262
1% 89 £ 4 35.7 1. 266
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Fig. 6 Splitting test under dry and hot environment
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Fig.7 Bonding test under dry and hot environment
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Fig. 8 Comparison and analysis of splitting strength both

under standard caring and hot and dry environment
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Fig. 9 Split test internal mechanism of concrete
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Fig. 10 Comparison and analysis of bonding strength both

under standard caring and hot and dry environment
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Fig. 11 The internal mechanism of bond testing concrete
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