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Abstract.

This study is the first year part of a three-year project. A two-node displacement-based
thin-walled open-section beam element with seven degrees of freedom per node is developed
by using consistent corotational formulation. The vibration equation and the geometrically
nonlinear dynamic equation are constructed for thin-walled beam with open section.

In this study, element nodes are chosen to be the shear centers of end sections of the
element. The shear center axis is employed as the reference axis of the beam element. Two
coincident element coordinate systems are constructed at the current configuration of the
beam element. One is fixed element coordinates and the other is element moving
coordinates. The element nodal displacement vector, rotation vector, virtual nodal
displacement vector, virtual rotation vector, nodal velocity, nodal acceleration, nodal angular
velocity, nodal angular acceleration, internal nodal force, stiffness matrices and mass matrix
are defined in the current fixed element coordinates. The element deformations and nodal
rotation parameters are referred to the initial undeformed geometry of the beam element and
described in the current moving element coordinates. The velocity, acceleration, angular
velocity and angular acceleration of the moving element coordinates are determined by the
current element nodal velocity, nodal acceleration, nodal angular velocity and nodal angular
acceleration. Both the element deformation nodal forces and inertia nodal forces are
systematically derived by consistent linearization of the fully geometrically nonlinear beam
theory using the D’Alembert principle and the virtual work principle. All the deformational
coupling effect and velocity coupling terms are retained. The third-order term of twist rate is
the dominant term for the third-order terms and may be a very important term to reflect the
nonlinear behavior of the beam subjected to a pure torque. Hence, the third-order term of
twist rate is also considered in the nodal forces. The terms relevant to the twist angle, slopes
and the length of the beam element, which will converge to zero with the decrease of element
size, are removed from the element nodal forces and the element matrices.

Due to the way used to define the element coordinates, except the current axial
displacement at element node 2, the value of the current element nodal displacements is zero.
The value of the element nodal rotation vector is reset to zero at the current configuration of
the beam element. However, all the current element nodal displacement vectors and rotation
vectors are retained in the derivation of the element nodal force. Thus, the element tangent
stiffness matrix may be obtained by differentiating the element nodal force vector with
respect to the element nodal parameters. The element consistent mass matrix may be obtained
by differentiating the element nodal inertial force vector with respect to the second time
derivative of the nodal parameters. In this study, the geometrically nonlinear equations of
motion of thin-walled beam with open section are constructed.

Keywords: Thin-walled beam, Geometrical nonlinearity, Co-rotational formulation, Finite
element method, Equations of motion
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