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Ultimate Flexural Strength of HSB460 Steel Built-up Box Member
Considering Residual Stresses
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Abstract Built-up steel box-section members by welding are used widely as bridge girders, and HSB460
steel has recently been developed as a high-performance steel for bridge construction. HSB460 steel has
a yield strength of more than 460 MPa and has a yield ratio of 0.77. Unlike conventional carbon steel,
which shows fully plastic behavior after yielding, HSB460 steel has material characteristics demonstrating
clear strain hardening ability. This study examined the ultimate flexural strength performance of
box-section members made of HSB460 steel based on a numerical methodology using nonlinear finite
element analysis techniques. Practical working-scale box cross-section hypothetical models were
selected, and ultimate strength analysis was performed considering residual stresses and geometric initial
imperfections because of the welding and manufacturing processes. A flexural strength predictor
equation was proposed through regression analysis of the ultimate strengths obtained from the analyses
and was compared with those from the design standards. In the slenderness ratio region where the
strengths are governed below the yield moment, the bending strength calculated from the design
standard was 3 to 10% lower than those from the analyses. This is because the strain-hardening effect
of HSB460 steel, which is realized immediately after yielding, directly affects the increase in the ultimate
bending strength of the built-up box member. If the exclusive design formula for box members
assembled with HSB460 steel developed in this study is used, more economical design will be feasible
in strength limit state design.
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Fig. 1. Residual stress distribution of built-up box
section measured by Wang et al.[11]
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Fig. 2. Simplified model for residual stress for
analysis
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Compression flange cut at mid-span

Fig. 5. Elastic buckling modeshape for geometric
initial imperfection
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Fig. 9. Typical failure modeshapes at ultimate stage
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