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Abstract: To study the mechanical properties of perforated steel plate ( PSP) shear connectors in prefabricated
double-channel steel-concrete composite beams, seven groups of standard specimens were designed and push-out
tests were conducted to compare and analyze the shear capacity and failure modes of PSP shear connectors with
different parameters. The ABAQUS nonlinear finite element model was developed to numerically simulate the failure
mode and force mechanism of PSP shear connectors, and the reliability of the finite element results was verified by
comparing with the experimental results. On this basis, further analysis is conducted on the effects of the thickness
of the perforated steel plate, the diameter of the hole, the strength of the concrete, the perforated reinforcement and
the spacing between the connectors on the mechanical properties of PSP shear connectors. The results showed that,
except for the 10 mm thick PSP shear connectors, all PSP shear connectors with the thicknesses of 4 mm and 6 mm
underwent obvious bending deformation, and oblique cracks appeared in the concrete around the connectors when
all specimens were failed. The diameter of the hole and the perforated reinforcement had little effect on the shear
capacity and shear stiffness, while increasing the thickness of the perforated steel plate and concrete strength could
improve the shear capacity and shear stiffness of PSP shear connectors. For double-row PSP shear connectors,
increasing the spacing between the connectors could significantly improve the average bearing capacity of single-row
PSP shear connectors, and when the spacing was 250 mm, the average shear capacity of single-row PSP shear

connectors reached 91.2% of that of a single PSP connector. Finally, an equation for the calculation of the load-
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slip curve of a single PSP shear connector in prefabricated double-channel steel-concrete composite beams was

proposed based on the experiment and finite element load-slip curve providing a reference for the design of

prefabricated double-channel steel-concrete composite beams.

Keywords: prefabricated composite beam; perforated steel plate shear connector; shear capacity; push-out tests;

finite element; load-slip curves
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Fig.1 New type of prefabricated floor slab and double-channel steel-concrete composite beam
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Fig.2 Structure and size of standard specimens
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Tab.1 Main parameters of specimens
[ENEE R t/mm  d/mm n REE S
SP1-10-30-C40 10 30 1 C40
SP1-6-30-C40 6 30 1 C40
SP1-4-50-C40 4 50 1 C40
SP1-4-30-C40 4 30 1 C40
SP1-4-30-C50 4 30 1 C50
SP2-6-30-C40-150 6 30 2 C40
SP2-4-30-C40-150 4 30 2 C40

AR SPa-t-d-Cn (-S) M 45 TE 20, Hodr, SPa 48 3635 32
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S %3 PSP B Fy I,
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Tab.2 Properties of steel material

MERE  BE(ER)/mm f/MPa f/MPa  E/GPa
32b 1 — 301 487 0.205
HOE B 10 286 447 0.203
PSP i 4 294 487 0.204
PSP ¥ #1F 285 472 0.204
PSP # AT 10 286 447 0.203
K] 6 416 525 0.199
ZAEELN] 8 427 543 0.200
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P BLE SR AL RS ¥4, N # 0k 0. 2 mm/min,
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Fig.5 Deformation of connectors after removing concrete
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Tab.3  The results of push-out tests

g P,/kN P_/kN Py /kN A,/mm A,/mm Apy/mm K/(kN-mm™")
SP1-10-30-C40 864 432 778 2.09 0.30 3.38 1 440
SP1-6-30-C40 737 368 663 2.89 0.27 4.89 1363
SP14-50-C40 612 306 551 3.76 0.35 5.35 874
SP1-4-30-C40 652 326 587 3.12 0.30 5.02 1086
SP14-30-C50 664 332 598 2.66 0.28 4.71 1186
SP2-6-30-C40-150 1099 549 989 2.14 0.28 3.48 1961
SP24-30-C40-150 979 489 881 2.35 0.28 3.55 1746
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Fig.7 Finite element model

2.2 BT HREHRMEXIS

FBRICRE AN GE PSP B it TR EE R
K =4k /\ 5 BT (C3D8R) |, il 28k A e b %
BIRAIPERIT (R3D4 ), YRR 7 190 SR FH = 4 0T A
i 28 B o6 (T3D2) ., Uk 4h, N &8 84 5 M ok H
“Embedded Region” fx A RIVR#E - th K #HAEH,
PF2Z (A1 2 Al R FH R fih BT EA TSN, v AN Y
TRBE A PSP BY )% 44 S5 1R B A TRBE H A
T2 AR R TP =2 170 1182 A SR TS 2 A 400325 i 422 fi
1728, R PRAG EE B B2 b A 0L U 1) 2 kAR TR
AR SR PSP 59 I i FE AR EE A R AU 0. 4
TR S TR EE T A 2 [ AE A RD B 2 A 5 TR
A MR 2 ] Y PR PR 0.3, Ky [ I AR 54 485 R
HEWA AT 5, X PSP % $5 (F dE 4T T Jm) B RG 25 I 4% Sl
57 o PSP ¥EIRAIFIYIRERE J R 4 ~ 8 2T, i
WA R SR 5 mm, HARFAAER A 10 mm /9 4%
Rot,
2.3 #MEEsg
2.3.1 iRE+

TRHEE P AR S 25 S0k [ 21 - 227, 1 J)-
NS AN 8 Fi7R . YIREE 132 1k, N 77~ A% il
Loy BRI BB, Hidr, BBl (1) . (2)
Pl FREBCR — A AR, fE A B 85% i KA1 K5
FERFEA R I AS Ry 1de, o SRS+ 3200, B J1-



552 ]

JA%T, A R AL & R T SLN B 20 )21 fE 63+

AR (3) L (4) =il

_[_Fn-m"
o= il b (0
Ee, &
sz’n_é‘cp (2)
o, =(1.2x-0.2x°)f, (3)
8[

AT o, il 5310 128 TR 9 PRI g Bt 1
FERES of, Fle, 43 3 M ek PO R FE RS
R - SRR ; o e, 43 518 BB ) J 8 R
RIS o R, Ay BRERL 17 3 R R 1725

al

S .

(a) TR &L 52 K I (b) VR Wk SZhr AT
8 BEINA-MTHL

Fig.8 Stress-strain curves of concrete
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Fig. 13 Effect of different opening diameters
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Tab.4 Practical formulas of load-slip curve
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Fig. 17 Comparison between the experimental and finite
element results and the prediction equations of load-

slip curve
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Fig. 18 Comparison between the experimental and finite

element results and the proposed equation
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