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Abstract: To address the challenge of structural deterioration caused by frequent cracking in the lining structures
of deep-buried hydraulic tunnels in high-altitude areas, the enhancement of concrete’s mechanical properties is

investigated through the addition of fibers and determines the optimal fiber content for practical engineering
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application. Firstly, tests on the tensile, compressive, and flexural mechanical properties of basalt fiber-
reinforced concrete ( BFRC) with varying fiber contents were conducted, the variation patterns of concrete’s
tensile, compressive, and flexural mechanical properties under different volumetric fiber contents were
obtained. Subsequently, a mesoscopic numerical model of fiber-reinforced concrete that truly reflects the
microstructural factors such as aggregate shape, gradation, aspect ratio, fiber distribution, and initial defects was
established. By comparing the mesoscopic numerical model with indoor axial tension test results, the mechanism of
fiber reinforcement on the tensile strength of concrete was revealed. Finally, the optimal fiber content was analyzed.
The results indicate that: Compared to the plain concrete, a fiber volume content of 0. 2% is optimal, with the
axial tensile strength, split tensile strength, and flexural strength of BFRC increased by 12. 81%, 14. 79%, and
21.26%, respectively. The error between the tensile strength of the fiber concrete predicted by the
established mesoscopic numerical model and the indoor test results for plain ( fiber) concrete is 4.24% (5.26%) ,
and the model can accurately reflect the failure development process and macroscopic mechanical behavior of fiber-
reinforced concrete specimens. The findings of this study can provide a reference for the design and application of
basalt fiber-reinforced concrete structures.

Keywords: hydraulic tunnels; fiber-reinforced concrete; mechanical property; laboratory test; numerical

simulation

0 7%

YR R IRK B T AR DR AL 500, 7K TR
FRAHE K K DL R T30 45 2 10 S AR i T
W aatri g R R Y L FRIE P R
PRIX S 7K T 91 18 e 42 % 7K S mr 2R B BE B 9 iz
IS S KA A A AR BRI 45 4 1 e 2
FRELT It & AR B AR e R, T B
R AR TR R BB T 7 5 30 0 g I A ) 4 4
BB E B KPS AR KRR
g RE 7 e B € R S @ WA 520 wla o SN ]
ZCH T A DL 2 B 2 R I A TR
o I RR R I 2 7 B R A R R
H 5t SO IR EE S5 R v (O BRAR Ve . %41
BHE TR EE T 250 e B T 8, o AN B
BRI A BTRRE N , R AR T AR 5
Y BEIR AL ] X 53R EHESL SR KR R R
fl s AT A

TE LA L 4EIR 5+ ( BFRC) J) 2# 7 5T
J7 1, Ayub 253 % 3 BFRC B4 T 5 8 A 1L T3
R BE 4 B KA TE 24%, Algin 21 % Bl BFRC
FIBF MR R E M TR RRE LRAT
15% ,Guo 2515 % 3 BFRC (Wi R bl %5 X it
214 i B B S B0 Se e s e A, B 0. 15%
YR FIB B RTPLR R R, EWNIE Tk, T
TR A M B )T #E O R P TR AE—
(R R B, SR PSRBT A 20 e ARk 26 R A, RiE
AT TREE 77 WM - Lo S A4 A S B, A R
T R £F 4 58 5 IR BE 1 A RE ) 2R R RO 1R FH AL
B, Mazzucco 261 7 ST T BN M 4F 4k R Bt +

(PFRC) = 4E4HXIAETY  (H R IR TR BE 1+
SCERDE S FBBA SRR 2 J# T PFRC
TYE AR R IR T M R DI RL A
T AT 4 (BB IR 25 EIR B+ B S A RPE S
RS 2 BRI #ar 97 BROCEE AL
FERFZ BB RO A TR BE + JLAR R FE R 35
JEARE, HAL S 8 T —Fh SR (4N 4T 2, Sun 251
FHZ RIEEDHEARMR T X R AGH K S &5
MREE - 12 FR PR 52 2 A5 R WA R 75 TR TR
FEICERIE S MBLEER R, Gao S N T
EFYRIRGE T I A WA | (H R R TR o
WEVELI B RL, AT 0L, S HTEF 4R BE 200 a5
D7 R 2 TR BE T S PR R R A IR B
TR RSB AR, BUE 2R A 2 IR R ERIE 2
Y B8 2% P LA A 5000 U ok %o £ A TR 35 - 4
WLZEF RN 2 ok R S b S PR 4R 5+
R 2B RUE A (EC K il L, A TR 47 4 K
FEHA i, DL AT YEIREE 400 4 SR S A 25 4
PRIZR , DA TG 7 W15 L S 2 Ak VR R 1 At W 25 4
(A5 Naderi 85 ARG 451 18 5 BHAY A1
JEAFERT TR EE T/ 12k pe B B3 0sem, ]
W, Z 0B R BR8£S BB AL T 1 I
LR AEIRRE A 0 L TE IR R Ak R N L ) 2
/??jg(zs—zﬁl N

PRI, A= SCAb i 2 I A 52 A AR AT 4
Bt A FIREE R i R ih ) SRt ek
A, A AT A R A E S BRI
IR L P fE ST )2 S K] bk 25 BR R iR
Y — AR L AEIREE L ATAY IR F & N OB A
25 X AT XS LR gIE , FE S b i — 24y



594 T

ol TS I B =g

F22%

Prer e 48 i, 2t 2F 4R TR 58 - il IR (B0 il
LANE S HL, TR TR K TR 2 A 2 4
TRBE LA BIZ A BT B T AR IR A — 5 B R
eSS T

1 FARAXEERS M
1.1 REAFE
1.1.1 REAE

R A0 BB R R T e VA DX s TR PR TSR
TR, SR R BRSO A6k A 7 R AR AR 5 Ak
o RRECA Y B BT an T . KRR % S o
2.72~2.75 ¢/em’ , THE 2.71~2.74 g/em’, &
TERERERN G 4> 175, 445 10~20 mm Fl 5~10 mm
RASHE R, MR R 2. 10 ¢/em’ A0H
BLoA R, ME B R 1. 59g/em’, K IR N
P. 032.5 SE90 8 3m Ak R ER KU . SR VP8 &0 TR
WY 2 a4z SN T K
FEAN 12 mm, EESHLE 1,

x1 BUZXREAEITESH
Main parameters of short chopped basalt fiber
2 HE  PUbOGRE MR AE WA
] /mm  /MPa /GPa /(kg-m™) fiF/%
{6 0.0133300~4500 95~115 2650 3.2

Table 1

1.1.2 E&Ekxit

%2 KR TR EE AR A L, A4k
BRI MiEEN0.0%.0. 1% .0. 2% .0. 3% .
0.4%Vh % 0.5% AR T 6 LA BRI E &
o, SR« BX” #E AT dl g s, b B ARER X RA
4t X RRAFHEARFIB G (%) , #1401 B0. 27 A%
LRI RN 0. 2% LT 4EIR e+

*F2 C30RELTIZITEAL

Table 2 Design mix proportions of C30 concrete

HHE R
JEEERE K (10~20 mm)  AEEORE UK BBKGH)
(5~10 mm)
opiivg
4 375 562.5 562.5 849 150 3.75
(kg - m™)
113 Rt 5%

ARGV T AR Sz 7 il e 56, b
U BRI DA Y A R, B R
24300 mm x 100 mm x 100 mm, 85 Hr i 7~ i K
100 mm 19 57 J5 M b Ak R R X RF o
300 mmx 150 mmx 150 mm, 5775 Al R 1 R i K
150 mm B9 57 5 A DU A5 2l 3k 56 3k 1 R ~F o

300 mmx 100 mmx100 mm, EHRXK A5 3 Mk
FE R FR D 28 d R AR . Sl b (R 56
M 1 7 B A A P R A A B O ik AT,
FH MTS810 ¥ A i 4 R 3 AL A T35 . il
(Rt 1) 728 T 38 3 R A 5 e ) 0 o 5 SR 1 4 4k
g, 5L 0. 1 mm/min BN R HFT, HE
PEIR . BRI R F INSTRONS506 15
ZG, INERHE 2R 0. 08 mm/min , £522 138 2340k
o R T e A AR 1 B0 2k e 4 3, ) R
INSTRONS506 {56 2 4t , HiHEAH % & A 60 kN, fifi
JELPL 0. 1 mm/min B3R FETIMER, B 240k
SRV R N W B VR S RN R TS (N I 2 NP =)
60 kN, IN#Z#Z K 0. 6 MPa/s, H 2R, Dy
w2 G AR B BT PERE , 8 Toni
Tﬁr~4¢lﬁ%$ﬂ,bﬂﬁ£$ 0.1 mm/min,ﬁ‘:éi;jmﬁz
BRI Y R E A
1.2 ERRBER
1.2.1 PR

LFHEIRBE RO BT RREE £ 557 T R PTER
B £ A nE 1(a) ((b) Bk,

40

37.26
(+4.34%)

W
=)
T

36.29
(+1.64%) 36.23
(+1.46%)

LEREE/MPa

(-2.92%) 32.49

(~9.0%)

00 01 02 03 04 05
HEEBBE%
(a) BLOPUERE

47.42

0r (+1.43%)

46.50

r46.75 (-0. 5%

48.00
(+2.68%)

i&&

45.58
(2.48%)

YU /MPa
‘5 S

41.41
(-11.4%)

w
oo
T

361

00 01 02 03 04 05
HEEBBE%
(b) T EFLERE
B1 mEREER

Fig. 1 Compression test results
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Fig.2 Tensile test results
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Fig.3 Load-deflection curves of fiber-reinforced concrete specimens
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Fig. 4 Bending strength of basalt fiber concrete
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Fig. 7 Microscopic structural model of fiber-reinforced concrete
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Fig. 6  Flowchart of non-overlapping fiber generation process
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Fig. 8 Development process of uniaxial tensile plastic zone in specimens BO. 0 and BO. 2
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Fig. 9 Mesoscopic simulation of tensile stress-displacement

curves for plain concrete and fiber-reinforced concrete
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Table 5 Summary of fiber-reinforced concrete test results
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