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Experiment and numerical study on the flexural performance of
concrete beams reinforced with corrugated steel plates
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Abstract: In order to study the local load transfer mechanism and mechanical properties of tunnel lining reinforced
with corrugated steel plate lining, 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. Establish a corresponding three-
dimensional refined finite element model, verify the model through test results, and analyze the load transfer
mechanism. 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 cracking load, the entire corrugated steel plate peak is in
a compressive state, while the corrugated steel plate trough is always in a tensile state. 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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Fig. 1 Prefabricated A- cracks grooves and anchor bolt arrangements
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Tab.1 Specimen reinforcement scheme

Nfrilsl;er Defect forfzzir:ent Connection Type
DZL - - -

JGL-1 - CSp SMC40

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

JGL-4 A - cracks CSP 2 M16 anchor + SMC40
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Tab.1 Mechanical properties of steel

Steel fy/Mpa fu/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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Fig.3 Layout diagram of corrugated steel plate strain gauges
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Fig.4 The failure phenomena of specimen JGL-1
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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.5 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 piece Critical cracking load Ultimate load Ultimate load increase Average relative slip
number P.,./kN P, /KN factor /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

T ST R AR i 5 AR R A Y BRI B 2



IR K AR 5

2.4 REEH-BREXR

R gt 2wl 6 Fion, 4k DZL f
KLL fif k-5 di 2k i, # R RMERR, MR
SURBRIN A e, NI AR B B R 5, (HE
WA S LA R IR AR R e AN K . KT JGL-
1~JGL-4 KUk, 478/ T 0.25P, 1, fardk-He B ith
REANE LR, MR T PR B, ST
NIRRT 0.25P,~ /T 0.85P, 1,
PER e NS SRR B, VRRE T H RS, R
WREE TAEM B, FEEHIE M, R4 mnd st
R, NI R M8k T 0.85P, K, i
BRI NI, R N B, I T
RIREEH I FFIZWIG T8, WSUNIRE MR, HefE s
WK, R, I FARIZEE I, A PR
B Redk Ll B, BRI SURAR N AR
REZR I HH ZE PR IR (1 25

450

—— DZL
—— J6L-1
—— JGL-2
ol —— JGL-3
—— KKL
JGL-4

Deflection/mm

6 IR A L

Fig.6 Load-deflection curve of specimen
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Tab.3 Plastic damage parameters of concrete
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