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ABSTRACT

In this study, a consistent co-roetational- formulation of second order beam
theory is employed for the snonlinear: lateral-torsional buckling analysis of
three-dimensional elastic Euler beam-under axial force and non-uniform bending

moment.

The beam structure is divided into several segments, called beam element
for convenience. A set of element coordinate system is constructed at the
current configuration of the deformed beam element. The deformations,
differential equilibrium equations, and constitutive equations of the beam
element are defined in the element coordinates. The principle of virtual work
and the consistent second order linearization of the fully geometrically nonlinear
beam theory are used to derive the differential equilibrium equations and
constitutive equations of the beam element. To obtain the primary equilibrium
path for the beam under axial force and non-uniform bending moment, the
vertical reaction force included by the non-uniform bending moment is
considered in the static equilibrium equations of the beam element. The

governing equation for primary equilibrium path for beam under axial force and



non-uniform bending moment is derived using static equilibrium equations,
differential equilibrium equations, constitutive equations and the compatibility
conditions of the beam element. The exact solution of the primary path is

solved using an analytical and numerical combined method.

To derive the governing equations for secondary equilibrium path,
disturbing nodal displacement and rotation vectors are applied to the primary
path of beam elements. Then element coordinates corresponding to this
disturbance can be constructed, and element nodal rotation parameters defined
in this element coordinates can be determined in terms of the disturbing nodal
displacement and rotation vectors. The governing equations for secondary
equilibrium path are derived in this element coordinates by using the first order
linearization. A power series solution method is used to solve the buckling
moment for spatial beams under axial force and non-uniform bending moment
to demonstrate the accuracy 'and ‘effectiveness of the proposed method.
Numerical examples are studied to-investigate the effect of compressive force

and non-uniform bending moment on the buckling moment of spatial beams.



