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Abstract

This paper investigates the mechanical performance of composite beams made of ultra-high perfor-
mance concrete (UHPC) and steel truss webs. Based on classical beam theory, a deflection calculation
model considering the coupled effects of bending and shear deformations is established. The steel truss
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web members were equivalently converted into a continuous steel web plate to facilitate the analysis
of shear deformation. This model is used to calculate the deflection of UHPC-steel truss web composite
beams under concentrated loading. Through finite element analysis and static tests, we conducted a
comprehensive and systematic study on the deflection distribution, strain characteristics, and failure
modes of UHPC-steel truss web composite beams under load. The test results show that the theoretical
calculation values are in good agreement with the finite element and experimental results, with the
theoretical model being slightly conservative, which helps provide an additional safety margin in engi-
neering design. Moreover, comparative analysis revealed regional differences in the contributions of
bending and shear deformation to deflection at different locations (midspan and near supports),
providing a theoretical basis for structural optimization design.
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Figure 1. Bending calculation model
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Figure 2. Simply supported beam under concentrated load
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Figure 3. Equivalent conversion calculation model for steel webs
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Figure 4. Elevation view of the UHPC-steel truss composite beam
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Figure 5. Cross-sectional view of the UHPC-steel truss composite beam
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Figure 6. Distribution of vertical displacement along the longitudinal direction of the
UHPC-Steel truss web composite beam
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Table 1. Deflection contribution rate under load
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