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Fig. 1 The simplified 2D orthotropic plate sketch Fig. 2 The waveform of a wavelength

of corrugated steel webs
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Fig. 3 Loading and boundary conditions Fig. 4 Loading and boundary conditions

for corrugated steel webs for 2D orthotropic plates
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Fig. 5 Schematic diagram for calculating displacements of corrugated steel webs
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Fig. 6 Sectional dimensions of the continuous box girder (unit ; mm)
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Table 1 Comparison of measured natural vibration frequency values with ANSYS

finite element results of the model girder (unit: Hz)

finite element calculation of 3D finite element calculation of

frequency sequence measured value
corrugated steel webs equivalent orthotropic plates

1 59.92 59.14 61.94

2 74.41 73.71 75.94

3 113.99 106.81 -

4 128.98 121.13 -

5 134.79 130.36 -

6 162.86 152.87 -

7 174.90 169.04 -

8 198.92 191.99
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(a) The lst-order mode shape in the 3D model (b) The Ist-order mode shape in the 2D equivalent model
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(¢) The 2nd-order mode shape in the 3D model (d) The 2nd-order mode shape in the 2D equivalent model
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(e) The 3rd-order mode shape in the 3D model (f) The 3rd-order mode shape in the 2D equivalent model
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Table 2 The comparison of element numbers between the 3D web model and the 2D web model

ANSYS finite element model

modeling method

3D corrugated steel web 2D equivalent orthotropic plates
element type Shell63 Solid45 Shell63 Solid45
elember number 1 788 13 892 304 3344
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Dynamic Characteristics Analysis of Composite Box
Girders With Corrugated Steel Webs Based
on the Equivalent Principle

JI Wei, ZHANG Jingwei, LUO Kui
(School of Civil Engineering, Lanzhou Jiaotong University,
Lanzhou 730070, P.R.China)

Abstract: To simplify the 3D finite element modeling process for composite box girders with
corrugated steel webs, the finite element model for 3D corrugated steel webs was reduced to
one for 2D orthotropic plates with the equivalent stiffness and displacement method. The simpli-
fied finite element model has a trim geometric shape, a much smaller element number and less
degrees of freedom, reduced calculation time, and improved computation efficiency. Compari-
son between the calculated results of the natural frequencies of the 3D corrugated-steel-web
composite box girder model, the calculated natural frequencies of the equivalent 2D orthotro-
pic-plate girder model, and the measured frequency values shows good agreement, which veri-
fies the correctness and reliability of the equivalent method. The research provides a simple fi-

nite element modeling method for composite box girders with corrugated steel webs.

Key words: corrugated steel web; orthotropic plate; vibration frequency; composite box girder
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