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Abstract

Prestressed steel girders, as a novel type of composite structure, can significantly enhance material
economic efficiency and mechanical performance. By actively embedding external steel strands and
applying an eccentric prestressing force, an initial stress counteracting the effects of external loads
is induced within the structure. Concurrently, the synergistic interaction between the strands and
the steel girder further improves the girder’s mechanical behavior. To investigate the mechanical
performance of externally prestressed steel girders, this study establishes a finite element model
based on Ansys software. The modeling methodology and implementation process are elaborated
and validated. Parametric analyses are performed on girders with varying prestress levels. This
work provides practical reference value for the simulation of externally prestressed steel girders.
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Figure 1. Geometric formulation of SOLID185 element Explanation
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Figure 2. Finite element modeling
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Figure 3. Finite element modeling validation
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Figure 4. Flexural configuration
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Table 1. Comparative results of mechanical behavior in steel beams under varying prestress levels
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Figure 5. Comparative load-deflection relationships under varying prestress levels
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Figure 6. Normal stress distribution across the cross-section under high prestress levels
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