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Geometrically Non-linear Finite Element Analysis
of Space Frames
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Abstract

A clearly consistent finite element formulation for geometrically non-linear analysis of space frames is
presented by applying incremental equilibrium equations based on the updated Lagrangian formulation
and introducing Vlasov's assumption. The improved displacement field for symmetric cross sections is
introduced based on inclusion of second order terms of finite rotations, and the potential energy corre-
sponding to the semitangential rotations and moments is consistently derived. For finite element analy-
sis, elastic and geometric stiffness matrices of the space frame elenent are derived by using the
Hermitian polynomials as shape functions.

A co-rotational formulation in order to evaluate the unbalanced loads is presented by separating the
rigid body rotations and pure deformations from incremental displacements and evaluating the updated
direction cosines of the frame element due to rigid body rotations and incremental member forces from
pure deformaions. Finite element solutions for the spatial buckling and post-buckling analysis of space
frames are compared with available solutions and other researcher’s results.

Keywords : space frame element, geometrically non-linear analysis, semitangential rotation
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