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A beam element for shear lag analysis of beams with arbitrary cross section
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In wide box girder bridges or multi-girder bridges with wide girder spacing, the bending

strain on the flange or slab is not uniform in the direction perpendicular to the bridge axis due

to the shear lag effect. For the analysis of shear lag, an analytical method with the assumption

of displacement distribution due to shear lag has been proposed, then it has been developed

into the method in which displacement is expressed by series expansion. Authors have proposed

semi-analytical approach to solve the shear lag problem with the help of the homogenized beam

theory. In this paper, we propose a beam element that can take into account the distribution

of shear lag displacement from numerical analysis of the homogenized beam. A simple box

girder and a continuous box girder are analyzed by the present element and these results show

agreement with the analytical solution and ordinary three-dimensional finite element analysis.
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Fig.1 Cross section of a beam and its subdomains.
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Fig. 2 Definitions of external loads applied to a
beam element.
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Fig.3 The box cross section of the beam.

q
X1
I)@ 1
!

Fig.4 The load and support conditions of the beam.
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Table1l The properties of the box beam.

axiail stiffness EA 5.080 x 10° N
bending stiffness EI | 3.550 x 10” Nmm?
shear stiffness GkA 1.263 x 10* N

shear lag parameter R; | 2.420 X 10° Nmm
shear lag parameter Ry | 2.089 x 10° N

shear lag parameter Rz | 1.695 x 10> N/mm”
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Fig.5 The deflection distribution along the length
by the present beam element.
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Fig.6 The shear lag displacement distribution along
the length by the present beam element.
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Fig.7 The relative error of the result by the present
beam element to the analytical solution.
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Fig.8 The cross section of the stiffened girder. (di-
mensions in mm)
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(a) closed rib

(b) stiffener

Fig. 9 The detail of the stiffeners. (dimensions in
mm)
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Fig. 10 The four-span continuous beam subjected
to distributed load.
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Fig. 11 The orthographic view of the out-of-plane
shear deformation of the representative volume ele-
ment with color-coded longitudinal displacement.

Table2 The properties of the stiffened girder.

axial stiffness EA 1.258 x 10'' N
bending stiffness EI | 1.127 x 10'* Nm?
shear stiffness GkA 7.776 x 105N

shear lag parameter R, | 6.477 X 10" Nm

shear lag parameter Ry | 4.706 X 10"°N

shear lag parameter Rz | 1.958 x 10° N/m?
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Fig.12 The deformation and bending stress distri-
bution of the reference solution of the four-span con-
tinuous beam.
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Fig. 13 The shear strain distribution on the upper
flange of the second span.
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of the four-span continuous beam.
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Fig.15 The deflection distribution along the length
caused by shear lag.
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Fig. 16 The shear lag displacement distribution
along the length.
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