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Residual stress experiment on castellated beams
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Abstract: Castellated beams are a new type of structural member fabricated by cutting the web of an I-section or
H-sectionmember along with the polygonal lines and then welding the upper and lower halves together. Compared
to the traditional solid-web beams, castellated beams exhibit the advantages of a high strength-to-weight ratio,
high in-plane stiffness, and economic efficiency. Due to the increased depth and the presence of openings,
castellated beams are more susceptible to buckling. Studies have shown that the distribution of residual stresses
across the section significantly influences their overall stability behavior. In this study, the residual stress

distribution of two solid beams, four beams with low-height web plates, and four castellated beam specimens was
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measured using the sectioning method to investigate the influence of the cutting and welding processes on the

residual stresses in the castellated beam sections. Test results indicate that the shape of the flange residual stress
distribution remains largely unchanged after cutting and welding, but the tensile residual stress at the flange-web
junction increases significantly, and it can achieve the yield strength after welding. The web cut region in the
shallow and deep web specimens exhibit high levels of tensile residual stress. The residual stress distribution in
the T-section of castellated beams is similar to that of the short and deep web specimens, while the web post
section in castellated beams exhibits changes due to welding, with tensile residual stresses reaching yield strength
at the welds. Based on the analysis of test results and existing models, a simplified model for longitudinal residual
stress distribution was proposed for castellated beams, which could provide a reference for the stability analysis
and design of castellated beams.

Keywords: castellated beams; cutting; welding; residual stress; distribution model
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Fig. 1 Distortional buckling of beams
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Fig.3 Cutting of shape steel beam web
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Fig.4 Schematic diagram of specimens for residual stress measurement
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Table 1 Geometric parameters of specimens for residual stress measurement mm
[N A WERS L IR R K WL R LIE A ) 2
Al 198.0 1 000 99.0 7.0 4.5
A2-1
148.5 1188 99.0 7.0 4.5
A2-2 297.0
A3-1
297.0 1188 99.0 7.0 4.5
A3-2
B1 248.0 1 000 124.0 8.0 5.0
B2-1
186.0 1488 124.0 8.0 5.0
B2-2 372.0
B3-1
372.0 1488 124.0 8.0 5.0

B3-2
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Table 2 Properties of steel materials

K45 B JR B /mm HLPERL 5 /GPa Ji B 5 B /M Pa % B3 B /M Pa
AF 7.0 203.2 263.0 410.0
AW 4.5 201.7 277.0 403.0
BF 8.0 202.1 274.0 397.0
BW 5.0 201.4 261.0 404.0
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Fig. 6 Schematic diagram of measuring points distribution
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Fig. 7 Distribution of strain gauges in specimens of castellated beams
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Fig. 8 Cutting of the mid-span section
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Fig. 9 Measurement of web residual stress
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Fig. 10 Measurement of flange residual stress
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Fig. 11 Residual stress of solid web beams
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Fig. 12 Residual stress of specimens with short web
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Fig. 13 Residual stress of specimens with deep web
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Fig. 14 Residual stress of T-section for castellated beams
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Fig. 15 Residual stress of web post section for castellated beams
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Fig. 16 Residual stress distribution model of castellated beams
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