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Numerical Method for Truss Chord Members
with Rigid Connection Considering Post-Elasto-Plastic Buckling

OYusuke OKI|*! Shojiro MOTOYUI*?

Keywords : Chord member, Intermediate longitudinal forces, Lateral buckling, Post-buckling behavior,
Plastic dissipation, Plastic hinge method

For true safety, it is important to analyze the collapse behavior for a spatial structure constructed from truss
beams by calculating a numerical structural model. Such a structure is often analyzed by using a discrete method
such as finite element method (FEM). The numerical model of the FEM has the huge number of degrees of freedom
and is so costly, so that some researchers have presented novel simulation models where the plural components of
the structure are regarded as one continuous element to reduce the calculation cost.

We have also developed the novel beam element called “truss beam element” to simulate the collapse behavior
of the spatial structure composed of the truss beams. Although the truss beam element in the previous works had the
accuracy to simulate the buckling behavior of the chord member in a truss beam by one element under the restricted
boundary condition, the element could not be applied to the simulation for the whole of truss beam structure because
most actual chord members in the truss beam structure are connected to each other rigidly.

In this paper, we focus on a chord member in the truss beam and derive the formulation for the chord member
in which uniform intermediate longitudinal forces and moments at both ends are considered. The formulation is
based on the thermodynamics. We also extend the method to an arbitrary cross-section shape.

As a result, we firstly obtained the elastic constitutive equations for an average longitudinal force, Intermediate
longitudinal forces and moments acting on three plastic hinges. We also obtained the balance of moment at the
middle plastic hinge and the plastic dissipation term at plastic hinges. Secondary, The plastic flow rule for the
arbitrary cross-section shape is obtained by postulating the principle of the maximum plastic dissipation. In addition,
we derived the elasto-plastic tangent stiffness, and we show the numerical procedure.

The accuracy of the present method is examined numerically through the comparison between the results by the
present method and those by the discrete method. The target model is composed of the two chord members, and the
rotation at each end is fixed and both members are connected to each other rigidly. The cross-section shape is tube
(outer diameter=108.7mm, inner diameter=103.4mm). The number of longitudinal forces(S-1) is two per each chord
member. We show the relations between the longitudinal forces at the left edge of each member and stretch of one
member, the moment and the longitudinal force orbits at both ends of the members, and other numerical results
simulated by the present and discrete methods. Consequently, the buckling behavior calculated by the present
method is close to the behavior simulated by the discrete method, except for the process of partially plastic region in
cross section. Hence we can conclude that the present method suggested here can evaluate the local elasto-plastic
buckling behavior in a chord member as one element. In our future work, this method will be extended to the truss
beam element.
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