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Analysis of influence of opening shape on mechanical performance of

steel-concrete composite beams with web openings
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Abstract: By studying the influence of opening shape on the stress of steel-concrete composite
beams with web openings, selecting an appropriate opening shape to reduce the adverse effects
caused by opening. Based on existing experiments, ANSYS was used to analyze the mechanical
performance of composite beams with different shapes of openings in the bending shear section.
The influence of opening shape on bearing capacity, deformation capacity, internal force
redistribution, and force transmission mechanism was studied. The results show that web
opening of steel concrete composite beams can lead to a decrease in stiffness and ultimate bearing

capacity. The ultimate deformation of composite beams with non square openings is enhanced to
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varying degrees due to different shapes of openings. Shapes of openings will affect the proportion
of shear force borne by concrete and steel beams at the opening. Concrete accounts for 46 %-59 %
of the total shear force, while steel beams account for 41%-54% of the total shear force. The
ultimate deformation is related to the area of the plastic hinge at the opening. Studs will exert a
certain pre-pressure on the surrounding concrete and have an impact on the redistribution of stress
in the concrete. There is a significant difference in shear force in the concrete at the entrance, and
the shear force borne by the steel beam below the entrance is greater than that of the steel beam
above the entrance. The shape of the opening will affect the internal force transfer mechanism of
the composite beam. The rectangular and square opening specimens transmit force through
secondary bending moment in the opening area, while the non rectangular and square opening
specimens transmit force through primary bending moment in the opening area. In structural

design, consideration should be given to the eccentricity of the opening position and the angle

2023 5

between the direction of the main stress and the edge of the opening.

Key words: composite beam; web opening; opening shape; mechanical performance
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Fig. 8 Local meshing of different opening shapes (unit: mm)
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Table 2 Comparison of ultimate load and ultimate

displacement of each specimen with different opening shapes
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Fig. 12 Shear force of each part at opening
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composite beam truss
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Fig. 14 Distribution of main stress traces for each specimen with different opening shapes
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