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Fire resistance of steel-concrete continuous composite beams
under combined bending and torsion
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Abstract: Traditional fire resistance research has predominantly focused on pure bending or pure shear
conditions, while the structural fire behavior under coupled bending and torsion remains insufficiently
understood. In this paper, a three-dimensional nonlinear thermo-mechanical coupled model of steel-concrete
composite beams, validated by experimental data, is developed using the finite element software ABAQUS.
The evolution of key mechanical characteristics with temperature—such as mid-span deflection and twist rate,

sectional bending moment and torque, and stress distribution patterns—is investigated. The results show that
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under the combined action of elevated temperature and flexural-torsional coupling, the composite beam
undergoes significant torsional deformation accompanied by f{lexural deflection at mid-span, and typical failure
features including local buckling of the steel beam and concrete slab cracking appear at the intermediate support
section. Meanwhile, complex internal force redistribution of both bending moment and torque occurs along the
beam length. As temperature increases, the effect of sectional warping stress gradually intensifies, exerting a
notable influence on the stress distribution pattern and the ultimate failure mode of the structure. At elevated
temperatures, due to the different stiffness degradation rates of concrete and steel beam, shear stress
continuously redistributes at the interface between the two materials and within each material itself, ultimately
forming a new equilibrium state. Therefore, in the fire resistance design of composite beams under combined
bending and torsion, the adverse effects of warping stress and shear stress redistribution should be fully taken
into account.

Keywords: continuous composite beams; fire resistance; combined bending-torsion; warping stresses; internal

force redistribution
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Fig.1 Details of continuous composite beams
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Fig.3 Comparison of FE analysis results and

experimental results for beam PCCB5
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Fig.5 Comparison between experimental and finite

element results
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Fig.6 Schematic layout of displacement measuring points
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