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Shear mechanism and shear strength calculation of composite
shear connectors under biaxial load

MA Yafei, HU Tao, ZHANG Bachao, ZHOU Biao, WANG Lei, ZHANG Jianren
(School of Civil and Environmental Engineering, Changsha University of Science & Technology, Changsha 410114,
P. R. China)

Abstract: To investigate the shear performance of composite shear connectors under biaxial load, a finite
element model was established and verified by experimental tests. The failure modes of composite shear
connectors under biaxial load and unidirectional push-out load were compared, and the relationship between
biaxial load and shear strength ratio was also analyzed. The effects of concrete strength and through
reinforcement diameter on the shear strength under biaxial load were clarified. The shear mechanism of the
composite shear connector was revealed. A shear strength model of composite shear connector under biaxial
load was established by multivariable regression analysis. The results show that lateral compression can
effectively prevent the transverse expansion of concrete, and a longitudinal main crack and some transverse
microcracks appear in the concrete slab. Under the action of unidirectional push-out load, the composite shear

connector fails due to the penetration of splitting cracks in the concrete slab. Lateral compression increases the
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shear strength of composite shear connectors, but the biaxial load effect is small when the concrete strength is

high and the diameter of the continuous reinforcement is large (shear strength ratio is 1.05). The shear strength

of composite shear connector significantly increases with the increase of concrete strength and through

reinforcement diameter under biaxial loading.

Keywords: steel-concrete composite beam; connector; biaxial load; shear mechanism; load-slip
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Table 1 Parameter design of push-out specimens

(s
20 5 [/ MPa  d/mm
P=0MPa P=0.8MPa P=1.05MPa
C30GAPO  C30GAP1  C30GAP2 30

C40GAPO  C40GAP1 C40GAP2 40
GA 0

C50GAPO  C50GAP1 C50GAP2 50
C60GAPO  C60GAP1 C60GAP2 60
C30GBPO  C30GBP1 C30GBP2 30
C40GBPO  C40GBP1 C40GBP2 40

b C50GBPO  C50GBP1 C50GBP2 50 2
C60GBPO  C60GBP1 C60GBP2 60
C30GCPO  C30GCP1 C30GCP2 30
C40GCPO  C40GCP1 C40GCP2 40

c C50GCPO  C50GCP1 C50GCP2 50 .
C60GCPO  C60GCP1 C60GCP2 60
C30GDPO  C30GDP1 C30GDP2 30
C40GDPO  C40GDP1 C40GDP2 40

GD 30
C50GDPO  C50GDP1 C50GDP2 50
C60GDPO  C60GDP1 C60GDP2 60
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Fig. 3 Constitutive model of steel
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Table 2 The mechanical properties of steel

MM JEIREREE/MPa IR /MPa sk /GPa
Q345 374 521 210

HPB300 351 469 200

HRB400 472 632 200
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Fig.4 Finite element model
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Fig.7 Load-slip curves and relative variation trend of the
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Fig. 9 Failure mode of concrete slab (C30GAP1)
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Fig. 10 Failure mode of shear connector
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Fig. 11 Failure mode of shear connector (C30GAP1)
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Table4 Shear strength of shear connectors
U5 AL /KN
4151 €30 C40 €50 C60
PO P1 P2 PO Pl P2 PO Pl P2 PO Pl P2
GA 1184 1328 1396 1424 1562 1615 1630 1786 1855 1820 2003 2041
GB 1494 1662 1728 1708 1878 1946 1902 2 080 2151 2 046 2270 2336
GC 1626 1 800 1867 1838 2032 2094 1976 2144 2236 2 260 2372 2433
GD 1837 2026 2107 2020 2192 2286 2231 2381 2440 2400 2460 2520
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under biaxial load
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Fig. 16 Mechanical model of load transfer
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compression zone of concrete slab
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Fig. 20 Comparison of ultimate shear capacity
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