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Abstract: To investigate the flexural performance of twin-welded T-shaped steel - concrete composite beams
connected with perfobond rib (PBL) shear connectors, a three-dimensional nonlinear finite element model was
developed using ABAQUS. The simulation results were compared with experimental data to validate the reliability
of the model. Upon validation, a parametric study was conducted to assess the influence of structural parameters—
including concrete strength, flange slab width and thickness, steel plate thickness and strength, shear connector
spacing and hole diameter, and through-bar diameter—on the flexural behavior of the composite beam. Furthermore,
a simplified plastic theory was employed to establish a flexural capacity calculation formula for the composite
system. The results indicated that the proposed finite element model accurately captured the mechanical response
and failure modes observed during the experimental tests. When the width, thickness of the concrete flange slab and
the thickness of the steel plate were increased by 25%, 75%, and 100%, the ultimate flexural capacity was enhanced
by 12.2%, 30.8%, and 41.3%, respectively. Increasing the concrete strength from C35 to C50 led to a 7.5%
improvement in ultimate flexural capacity, while upgrading the steel grade from Q235 to Q420 resulted in a 71%
increase. Enlarging the shear connector spacing from 100 mm to 250 mm caused a 6.5% reduction in flexural
capacity, whereas the connector hole diameter was found to have a negligible effect. Increasing the diameter of the
through reinforcement bars from 6 mm to 12 mm yielded a 2.2% improvement in capacity. The proposed flexural
capacity formula showed good agreement with both experimental and numerical results.
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Fig. 1 Schematic diagram of specimen structure
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Fig. 3 Stress strain curve of concrete
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Table 1 Mechanical Properties of Steel

Bt #(d)/mm fvs IMPa fs /MPa Es /GPa

AR 4 421.0 530.9 211.6

- 8 527.6 649.8 2272
12 4349 610.4 191.6
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Fig.6 Comparison between simulated stress contour and deformation diagram with experimental deformation
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Fig. 7 Comparison of experimental and finite element results
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Table 2 Model Parameters

IS BH/mm o,/MPa YBK/mm YBH/mm f./MPa S/mm A/mm G/mm
oA 4 421 640 80 27.2 100 16 8
BH2 2 421 640 80 27.2 100 16 8
BH6 6 421 640 80 27.2 100 16 8
BHS 8 421 640 80 27.2 100 16 8
Q235 4 235 640 80 27.2 100 16 8
Q345 4 345 640 80 27.2 100 16 8
Q390 4 390 640 80 27.2 100 16 8



YBKS520 4 421 520 80 27.2 100 16 8
YBK760 4 421 760 80 27.2 100 16 8
YBKS800 4 421 800 80 27.2 100 16 8
YBH100 4 421 640 100 27.2 100 16 8
YBH120 4 421 640 120 27.2 100 16 8
YBH140 4 421 640 140 27.2 100 16 8
C35 4 421 640 80 23.4 100 16 8
C45 4 421 640 80 29.6 100 16 8
C50 4 421 640 80 324 100 16 8
S150 4 421 640 80 27.2 150 16 8
S200 4 421 640 80 27.2 200 16 8
S250 4 421 640 80 27.2 250 16 8
Al2 4 421 640 80 27.2 100 12 8
Al4 4 421 640 80 27.2 100 14 8
AlS8 4 421 640 80 27.2 100 18 8
G6 4 421 640 80 27.2 100 16 6
G10 4 421 640 80 27.2 100 16 10
G112 4 421 640 80 27.2 100 16 12
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Fig.8 Comparison of simulated values under different concrete strength grades
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Fig. 10 Comparison of simulated values under different wing edge thicknesses
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Table 3 Comparison between theoretical value Mu and simulated value MS of flexural bearing capacity

WL Mu@N-m) Ms (kKN -m) (Ms-Mu)/ My (%) LR Mu N -m) Ms (KN-m) (Ms-My)/Mu (%)
BH2 121.8 133.7 9.7 C35 196.0 213.8 9.1
BH6 266.7 282.8 6.0 C45 211.1 228.6 8.2
BHS8 316.1 344.4 9.0 C50 217.1 230.0 5.7
Q235 119.2 130.8 9.7 S150 204.3 219.4 7.4
Q345 161.4 177.0 9.6 S200 204.4 215.4 5.4
Q390 176.9 194.1 9.7 S250 204.5 210.1 2.7

YBK520 192.0 207.9 8.3 Al2 204.4 222.6 8.9

YBK760 214.8 231.1 7.6 Al4 204.3 223.0 9.2

YBKS&00 217.6 233.3 7.2 Al8 204.0 223.8 9.7

YBH100 240 228.2 -5.0 Go6 204.7 219.8 7.4

YBH120 278.0 252.9 9.0 G10 204.7 224.2 9.5

YBH140 318.3 292.7 -8.1 G12 204.7 224.6 9.7
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