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In the last decades, a keen interest has been shown in the development of beam-column
finite elements (FE) for nonlinear dynamic analysis of framed structures under severe
loading conditions. In this context, force-based and mixed beam models have been suc-
cessfully adopted, preferring them to classical displacement-based beam formulations and
bi-dimensional or three-dimensional FEs, because these can provide accurate results with
a limited computational burden. However, existing beam formulations suitable for non-
linear dynamic analyses are usually based on the Euler-Bernoulli or Timoshenko beam
theory, assuming rigid plane cross-sections, or consider simplifying hypotheses to include
the effects of shear and torsional forces. Hence, these fail in representing the multi-axial
coupling of the stress components due to the warping deformation of the cross-section,
which is an essential aspect in the analysis of thin-walled framed structures.

This work presents a 2-node 3D mixed beam FE for the nonlinear dynamic analysis of thin-
walled beams. This is based on an enriched Timoshenko beam theory that accounts for
out-of-plane deformations of the cross-sections [1], independently interpolating the warp-
ing displacements from the rigid section displacements, the generalized section strains and
the material stresses. The consistent element mass matrix is properly defined by applying
a numerical integration procedure to compute the exact element shape functions [2], also
including the effects of the out-of-plane cross-section displacements. Material nonlinear-
ities are accounted for through the definition of a cross-section fiber discretization, that
allows a better description of the shear and axial stress interaction.

Numerical tests and correlation studies on real structural elements are performed to val-
idate the model and investigate its capabilities under complex loading conditions.
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