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Abstract: [Objective] In order to study the local load transfer mechanism and mechanical properties of tunnel
lining reinforced with corrugated steel plate lining. [Method] The tunnel lining unit was regarded as a beam
unit, and a bending performance test of concrete beam reinforced with corrugated steel plate was carried out. Es-
tablish a corresponding three-dimensional refined finite element model, verify the model through test results, and
analyze the load transfer mechanism. [Result] Research results show that compared with unreinforced beams,
the ultimate load of beams reinforced with corrugated steel plates is increased by 30% to 41%, and the ultimate
load increases with the increase in the number of anchor bolts. The relative slip between the corrugated steel
plate and the concrete structure decreases as the number of anchor bolts increases. At the initial stage of loading,
the corrugated steel plate is in the neutral layer position, and the strain is basically zero; after reaching the crack-

ing load, the entire corrugated steel plate peak is in a compressive state, while the corrugated steel plate trough is

Wrfs B A :2023-10-16
ESTE VL7548 FE AW A5 H (20232BBES0014) 5 117444 22 it iz 4 ) T RHE I H (2021H0035) 3 Y174 45 58342 i) T 5 A5 T
FERHTTH (2023C0001)



4l

GRFEI R, 45 - B SO I S AT TR R b T 2 P e S R 37

always in a tensile state. [ Conclusion] Finally, through the finite element software analysis, the failure mode of

the specimen and the load-strain of the corrugated steel plate are verified. The simulation results are in good

agreement with the experimental results.
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Tab.1 Specimen reinforcement scheme

Test number Defect Rein-forcement  Connection type

DZL - - -

JGL-1 - CSP SMC40

JGL-2 - CSP 2 M16 anchor+SMC40
JGL-3 - CSP 4 M16 anchor+SMC40
KLL A-cracks - -

JE 38 B 43901 4y 40.81,40.88 MPa; M4l (TR 5E 1+ 454
RIS EFRIE) (GB 50152—2012) FH845 M
B E, 3478 3.28%10° MPa; X T B K 5 42 )
B R 6 7 25 ) (GB/T 232—2010) & {4 @ bt
BRI 51 F KK 5 %) (GB/T
228.1—2021) 45 35 SUAI MR 5N 57 S Al 1) Jid R
FE f ERBUHRE £ Kt R B SR 2 R,
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Tab.2 Mechanical properties of steel

Steel /, /Mpa f./Mpa E_ /Gpa
CSP 361.9 462.7 206
A8-HPB300-Rebar 410.8 570.9 200
C12-HRB400-Rebar 428.6 578.4 200
C16-HRB400-Rebar 460.3 563.8 201
Anchor bolt 380.6 576.2 200
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(a) The failure pattern diagram of CSP-concrete composite beam
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(b) Crack development mode of CSP-concrete composite beam
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Fig. 3 Failure patterns and crack development patterns
of corrugated steel plate-concrete composite beams
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Tab.3 The load state of each stage of the specimen

Test Ultimate  Average
piece P, /KN P,/kN  load increase relative
number factor slip/mm
DZL 230 304 - -
JGL-1 305 396 1.3 31
JGL-2 340 415 1.37 23
JGL-3 370 430 1.41 21
KLL 195 260 - -
JGL-4 350 405 1.53 12
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Fig. 5 Crest load-strain curve of CSP
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Tab.4 Plastic damage parameters of concrete
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Fig. 11 Damaget cloud of concrete structure
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