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Calculation method for shear capacity of corrugated steel web

composite box girder bridges
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Abstract: To develop a method for calculating the shear capacity of corrugated steel webs in bridges,
experiments were conducted on three specimens with initial geometric imperfections and nine
specimens with longitudinal residual stresses. The actual initial geometric imperfections and the
distribution patterns of longitudinal residual stresses of corrugated steel webs were obtained. Based on
these results, a finite element model incorporating the actual distribution of initial imperfections was
developed and validated. Using the finite element model, extensive numerical calculations and
parametric analyses were carried out, and reasonable values for the elastic buckling coefficient of
corrugated steel webs in bridges were proposed. Based on the results of nonlinear finite element

parametric analysis, a calculation formula for the shear stability capacity of corrugated steel webs for
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bridges was proposed. The analysis results indicate that the longitudinal residual stresses of
corrugated steel webs are symmetrically distributed within one wavelength, with maximum values
occurring at the midpoints of the bend segments, inclined plate segments, and flat plate segments,
reaching approximately 24. 3%-43. 4% of the steel yield strength. The initial geometric imperfections
of corrugated steel webs exhibit a half-wave sinusoidal distribution along the web height direction, and
the amplitudes of the initial geometric imperfections are all less than the acceptance requirement of 1/
750 of the web height specified in the code. When calculating the elastic shear buckling strength of
corrugated steel webs for bridges, the global buckling coefficient should be taken as 40, and the
combined buckling coefficient should be taken as 2. Compared with existing formulas, the proposed
formula more accurately calculates the shear capacity of corrugated steel webs under local buckling and
combined buckling control, while it is more conservative when applied to corrugated steel webs
governed by global buckling.
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Fig. 2 Actual measurement process of corrugated steel web specimens
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Fig.1 Specimen dimensions
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Table 1 Specimen grouping and dimensional parameters

¥ NI P 285 £,/mm
1 S1200-8 1200 %Y 8
2 S1600-4 1600 74 4
3 S1600-6 1600 #4 6
4 S1600-8 1600 %4 8
5 S1600-10 1600 #4 10
6 S1600-12 1600 %4 12
7 S1800-8 1800 #4 8
8 S2000-8 2000 %! 8
9 S2400-8 2400 #Y 8
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Fig.4 Simplified distribution model of residual stresses
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Fig.3 Measurement results of residual stress tests
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Table 2 Specimen dimensional parameters

KIEHS | B L/m hy/m ¢,/mm 2SR
S1 3.6 3.2 14 1800 #1
S2 3.6 3.6 18 1800 #4
S3 3.6 3.2 18 1800 %4
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Fig.5 Measurement of geometric imperfections
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Fig.6 Measurement of initial geometric imperfections
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Fig. 7 Measurement results of initial geometric imperfections
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Fig. 10 Finite element model with initial imperfections
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Table 4 Comparison of ultimate load-carrying capacities

between test and finite element analysis

A5 V,.1/kN V,.»/kN Voi/ Vi,
L1t 52.07 52.34 0.995
L2 101. 50 102. 90 0.986

G7ANY 2143.10 2190. 20 0.978
G8AlY! 2027. 60 2062. 30 0.983
CG240-6'% 437.24 446.02 0. 980
CG240-2'% 378.41 392.10 0.965
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Fig. 11 Comparison of failure modes between test and finite element analysis
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Table 5 Range of variation of web geometric parameters

AR AL ¢,/mm h,/m L/m
1000 71 8~16
1200 #4 8~22
1~15 10~25
1600 71 8~38
1800 % 8~38
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Table 6 Buckling mode conversion coefficients

A C 2 G, b
1000 74 7 955 —0.673 15620 —0.534
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Fig. 12 Comparison between proposed formula and finite element

calculation results
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concrete bridges with corrugated steel webs [M]. Beijing:
== =] China Communications Press, 2009.
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