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Mechanical properties of basalt fiber composite corrugated plates and analysis of
their lining structure performance

WU Xiaobo
( China Railway Fifth Survey and Design Group Co. Lid. , Beijing 102600, China)

Abstract: To investigate the impact of the anisotropy of BFRP corrugated plates on the performance of corrugated plate linings,
experimental studies on the biaxial tensile, bending, and shear properties of BFRP corrugated plates were conducted. Additionally, a
finite element model was used to simulate and analyze the effects of parameters such as wave height, wave spacing, thickness, and
material on the deflection and stress peaks of the corrugated plate lining under both normal and extreme conditions. The results show
that the fiber orientation significantly influences the tensile, bending, and shear strength and modulus of BFRP corrugated plates. The
bending strength perpendicular to the fiber direction is more than 90% lower than the bending strength parallel to the fiber direction,
and the deformation capacity is reduced by 68%. Under similar deflection conditions, the BFRP corrugated plate lining is more than
40%-60% lighter than the corrugated steel plate lining, resulting in 1.7-1.9 times increase in structural safety factor and a significant
improvement in the elastic deformation capacity of the structure.
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Fig.2 Sample and loading device diagram (unit: mm)
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Fig.3 Tensile failure diagram of specimen Fig. 4 Load-displacement curve of tensile specimen
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Fig.5 Load-displacement curve of bending specimen Fig. 6 Bending performance test results
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Fig.7 Load-displacement curve of shear specimen Fig.8 Shear performance test results
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Fig. 9 Schematic diagram of tunnel lining reinforced by BFRP corrugated plates
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Fig. 10 Finite element model diagram Fig. 11 Finite element model load distribution diagram
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Fig. 12 Nephogram of maximum principal stress of BFRP plate and corrugated plate lining (unit: MPa)
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Table 4 Calculation result of corrugated plate lining in finite element analysis

®3 ARTEESHY

Table 3 Finite element model parameter

fﬁfﬁ W/ mm B /mm B mm MR ﬁﬁgjﬁ/’i s
1 0 0 6 BFRP 12. 6
2 250 50 5 Q235 43. 1
3 200 80 6 Q235 62.5
4 200 80 10 Q235 104. 1
5 200 100 10 Q235 115.6
6 250 50 5 BFRP 11.5
7 230 64 10 BFRP 24.5
8 200 80 10 BFRP 27.7
9 300 160 16 BFRP 44.5

10 200 55 5 BFRP 12.2

11 300 110 7 BFRP 18.7

12 200 100 10 BFRP 30.7

13 200 80 6 BFRP 16.6

(b) BFRPIEHREARS (250 mm x 50 mm)

Sk AEH I B R it s
F ) 71/ MPa FHLRY 1/ MPa HETHHE R/ mm F ) J1/MPa FHLN F1/MPa HETFUHE &/ mm
1 8.3(48.2) 10.2(78.4) 2.94 231.2(1.73) 286.3(2.79) 81.2
2 9.4(37.8) 5.4(65.7) 0.17 190.1(1.87) 192.9(1.84) 9.8
3 10.4(34.1) 8.9(39.9) 0.07 274.6(1.29) 187.2(1.90) 3.3
4 7.4(48.0) 6.7(53.0) 0.05 192.4(1.85) 162.1(2.19) 1.2
5 6.2(57.3) 6.2(57.3) 0.04 159.7(2.22) 146.6(2.42) 0.9
6 15.0(26.7) 7.7(103.9) 2.02 416.6 213.9(3.74) 56.2
7 8.7(46.0) 6.1(131.1) 0.82 239.9(1.67) 164.2(4.87) 22.4
8 8.6(46.5) 6.0(133.3) 0.55 235.1(1.70) 161.9(4.94) 15.0
9 4.1(97.6) 2.5(320.0) 0.27 111.9(3.57) 66.5(12.03) 7.1
10 18.9(21.2) 9.8(81.6) 1.57 526.8 271.4(2.95) 43.7
11 9.2(43.5) 7.1(112.7) 0.82 255.3(1.57) 194.1(4.12) 22.6
12 7.2(55.6) 5.6(142.9) 0.42 196.3(2.04) 149.5(5.35) 11.4
13 12.4(32.3) 8.3(96.4) 0.85 343.5(1.16) 228.4(3.50) 23.5

T A5 P o e R R

Xt ECRUAR S5 3 13 AARULAE AR I SO B R 1 S 75 200 B8 R ) BRI, 1h T BFRP SPEAR
AR T Q235 b AE 1 H {9 B, BERP S S E 4 A HETHBE B 24 0 P SO AR AY 12 45 5 T 7E R w1 B0 1
BFRP PSR E AT HE B BE 93 K N SO E RS 1Y 7 8%, B IARAAIE K2 22%  BFRP JEURE Fof X 17 24

BEONBUR, R R,

X EE RS ST 8 1 13 AR IELZE SR BFRP I SR BEJE 42T 67 % I Wm0 T H8 FEERRAR 2 36% , i 1 K%
K2 29% , X HCHIME 5 3 F 4 FRORSEIAE SR D SURABRUBRE 4R T 67% s, W5 0 1 8 B AR 2 649% , i 1
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FRAR L 13% , R, 5 S MR 0 458 P88 X6 S0 b V5 P8 o A AU, BRRP 8 S0 A 07 17 W X6k 38t S0 H ) 8 8 o Ay
U

KRG 2050 8 Fl1 12 1 BFRP P800, e i 15 00 B HETRHE BE n 2 I 7E 2 em DUF, 24 R BN IS
AR 2. 7~2.9 1% , BRI LETURIE ,, WEAHEL 100 mm , /NG 25 (520, 155 6 B B S 4] £
FEART 1 mm, 2 itE B0 Bl BN 15 mm , H T AL G ERT I 8UNMEY 40% ~60% , TERFERIR S Hnf
5 FHFLAK A 200 mmx 100 mmx 10 mm ) BFRP #8040 , 7 @K 10% 544 F , MIEE$E T} 67. 4% , T SE B
PeREFE I,

3 4

a. ZFYESHJZJ7 %t BFRP SR A 25 il | 55 U0k RE R e Sk 2, 0° Ty Il By bz A o BE At o R AN B
VI BEH 90° 77 ] 158 B 43 4 8 25 A5 14 1581 5 4%

b. BFRP i SO I 807 10 A ik BB T BFRP I S0b 09 8 W) M: fig | B3 st o] 2 4 5 1L DA sk f
BFRP i S0 it 76 U Wl 0 4 e A BT IR

c. PR TPl T R BEE 19 BFRP I8 S0 2 e 5 48 Jin 181 7 3K, A B AL B0 I SO AR 24 ot R AT
40% ~60% , Z5H 2% 4 REER R 1.7~ 1.9 %,

d. PR BURAERTH2 I X B LA fURR  BE IR T} 67% A5 0 T , BFRP I S0 Btk H8 8 B AIK 36% , Tl 4
PR E A R RIS 64% .
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