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Experimental study of the performance of basalt fiber shotcrete

under heat damage

Zhou Ping s Wang Zhijie , Yang Yue , Ji Xiaofeng
(Key Laboratory of Tronsportation Tunnel Engineering.

Ministry of Education,Southwest Jiaotong University,Chengdu 610031, P, R. China)

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

shotcrete can reduce the damage of concrete under heat-harm.
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Table 1 Test condition one (number of test-piece for each condition)

BE A L CR R 27 4 IR UL 3R

FRA R B 51 H ” 0.05% 0.1% 0.15% 0.2%
0.0
(1.325 kg) (2.65 kg) (3.975 kg) (5.3 kg)
o BE 2L i 3 3 3 3 3
T F5
R 25 58 i 6 6 6 6 6
B 2 i 3 3 3 3 3
70 CHEFS
R4 5 B 6 6 6 6 6
TE FR AR SR SRR B (20£2) C L MIXHBE =95% .
F2 F2#xAE TR (S IR FRHA#)
Table 2 Test condition two (number of test-piece for each condition)
Bl & b (XA 27 4 LR TR EE 21
T IEE W H 0.05% 0.1% 0.15% 0.2% 5% fE K+ v
0. 1
(1.325 kg)  (2.65 kg) (3.975 kg) (5.3 kg) 0.1%% '
B BE 408 i 3 3 3 3 3 3 3
b
i 45 5 B 6 6 6 6 6 6 6
BE S0 )i 3 3 3 3 3 3 3
70 CHEFE
45 5 6 6 6 6 6 6

AR TR SRR (2042) C L HRHRE=95%,
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Table 3 Size select of cube test-piece

AR ORI/ mm AR
31.5 100 mm <100 mm X100 mm
37.5 150 mm X150 mm X150 mm
63.0 200 mm X200 mm X 200 mm

x4 HEBREBRERY

Table 4 Conversion ratio of compressive strength

WA RS Wi R
100 mm X100 mm X 100 mm 0.95
150 mm X150 mm X150 mm 1. 00
200 mm X 200 mm X200 mm 1. 05

NN WIE R T R/N W T R/A W
BEZLGTHI R
_ 2F _ 0.63F
fls_wj_ A

Ao FORIRAF IR fr 285 A S i1 B3 2R vl i A
PUIT o «
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Ji=:73 (2)

A PO fr 8, N5 L SOPE B S mm, L 450
mm; h AR A B s mm; & D T L
L3 iXHFIPEHG
DFREFRI - FRUETR I 450 T R4 28 d.
2) TIRINEEIR I R MR AL T AR 8 BE
M 70 CHZME T AT TSR R R AT
Kl 1R,

B 1 BT RRE

Fig. 1 Simulation of hot and dry environment
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51 ik

U0 VA BB D 1 3 Uk /N A0 Sk L O BEAT HEA
I HERARLEE : me =440 kg, m., =198 kg,
my, =950 kg, m,, =810 kg, my =22 kg
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Table 5 First time material-consuming situation

ZERCHET s

415 C/kg W/kg G/kg S/kg WiEE  HEEGN /g WUkHl/e  BEK/e —_— kg
%5 14400.0%) 8.8 3.96 16. 2 19 105 264 40 0
552 41(0.5%) 8.8 3.96 16. 2 19 80 264 41 33.125
945 341(1%) 8.8 3.96 16.2 19 160 264 66. 25
H4HA.5%) 8.8 3.96 16. 2 19 110 264 99. 375
55 HCH 8.8 3.96 16. 2 19 115 264 132.5

15 LT A B 1 D IR BT B

55 2 il
IR YA < B RS - 36 e/ A0 3k s O BEAT ML A

T, MR R - me, =440 kg, m,, =198 kg,
my, =950 kg, m,, =810 kg, my =22 kg,
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Table 6 Second time material-consuming situation
. ) ) XRAELT WL
20 5 C/kg W/kg G/kg S/kg WmiERE O HEEN /g WOKR/g  #EK/g \ )
H:Ji /g 4t/ kg
%51 410.0%) 8.8 3.96 16. 2 19 105 264 40 0
552 410.5%) 8.8 3.96 16. 2 19 80 264 41 33.125
5534 A% 8.8 3. 96 16.2 19 160 264 66. 25
B4 A5%) 8.8 3.96 16. 2 19 110 264 99. 375
%542 8.8 3.96 16. 2 19 115 264 132.5
956 41(5 %Rk +
8.8 3.96 16. 2 19 150 264 440 132.5
1.OY%%)
BTA
.8 3.96 16. 2 19 110 264 1.57
CHAZF 2 . 1%0)
A Y5 R AR
3011 EARERBEKE WRFEFE LXK

3 RBEBHES

3.1 HREREZREFEBRFRELIEEFAR

X 28 3 TR I ) R e 2T 4R TR B AT M AR I
5 RRARUMERR ST AT BRI T 19 % i 2T 4 5
SP IR - Y B 2R 0 3 RDRG 45 9 5 L AN 1] 2 AR 3 P
o A5 BT AP IR LT R AR A 1 — 2 B SR
R 2 5 B 9 T8 K L O 1 b R 22 A K gl A
SER B YRS A H AT T PG 5 2 WOl
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B2 BRAW
Fig. 2 Splitting test

B3 EEHEE
Fig.3 Reading data
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Table 7 First time splitting test data under standard curing

bR g%

T —
R B {H/ MPa P25 Ll

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

PRFR T 2 YR B 20 B Nk 8 B
£8 HBERAETE 2 RBRRREE

Table 8 Second time splitting test data under standard curing

b g%

T.0

54 J3E {5/ MPa P2 i Le il
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% Z+5%fkEK 67.23 1.079
1R A 2

3.1.2 HEmAERDBHE FRIFETE L KRR
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Table 9 First time bonding test data under standard curing

(P 1S

T —
i i {E / MPa $& 7 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 g B A 2 YO B A A e R B . nak 10
JI7R
F 10 RFRETE 2 RIEERREE

Table 10 Second time bonding test data under standard curing

bR 3%
T8
S EE{E/ MPa Fe s Ll
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% % +5 %Rk K 33.7 1.187

1% M 4T 4
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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#

TH ——

5 £ {H / MPa 2 5 He )

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

TIEREE T 2R 2 U BY 2R 0 B Jd L sk 12
B o
F12 THRETE 2 ABERABERE
Table 12 Second time splitting test data under dry

and hot environment

br %

T

58 B A/ MPa = el
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 %8 41 4k 43. 24 1.017
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3.2.2 MARERBME THIAFETE 1 WIK
0 Rl 235 5 B HOHE L 3R 18 PR .
R13 FHRETE 2 RMEERBREE
Table 13  First time bonding test data under

dry and hot environment

b 3%

T - -

5t i / MPa $Ew 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

TR T2 2 Yl o 45 5 B R s Ik 14
Fi7R o
R4 THRAETE 2 REEEEXBHE
Table 14 Second time bonding test data under

dry and hot environment

[GEiS

TH

SR EE{H/ MPa P2 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%fik K 35.6 1.262
1% M 21 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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