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ULTIMATE LOAD AND POSTFAILURE BEHAVIOUR
OF BOX-SECTION BEAMS UNDER PURE BENDING

M. KOTELKO (LOD2Z)

In this work the load-carrying capacity and plastic collapse mechanisms of thin-walled,
rectangular and trapezoidal box-section beams subject to pure bending are investigated.
The postbuckling elastic analysis is carried out using the effective width approach while
the plastic buckling load is evaluated using the total strain theory. The failure of the beam
is assumed to be initiated by buckling in a flange so that the flange mechanism of failure
is expected. The analysis of plastic collapse mechanisms is carried out using basic assump-
tions of the rigid-plastic theory. The true (kinematically permissible) plastic mechanisms
are taken into consideration. Three different theoretical solutions concerning the plastic
moment capacity at a yield line are taken into account. Corresponding formulae for plas-
tic moment at yield lines situated both in flanges and webs of the thin-walled beam are
evaluated. The energy method is used in order to evaluate the bending moment capacity
in terms of rotation angle of a global plastic hinge. The total energy of plastic deforma-
tion absorbed during rotation of the global plastic hinge is formulated and the bending
moment is derived from this formula. For both rectangular and trapezoidal cross-section
beams the idealized geometry of a global plastic hinge is based on the results of experi-
mental tests. In the case of elastic buckling, the ultimate bending moment is determined
approximately at the intersection point of two curves representing the bending moment
in terms of the rotation angle: the postbuckling curve based upon approximate nonlinear
analysis and the post-failure curve derived from the collapse mechanism analysis. Bending
moment - rotation angle diagrams based on numerical results of the theoretical analysis,
are compared with graphs recorded during experimental four-point tests.

1. INTRODUCTION

Four separate phases are observed in the behaviour of a thin-walled beam
in the complete range of loading, from zero up to and beyond the ultimate
load (Fig.1). The first phase is the pre-buckling one. The second phase is
the nonlinear, post-buckling behaviour. Assuming that the buckling load of
a particular plate member of the beam is less than that corresponding to
the yield stress which is regarded to be equal to the limit of proportionality,
after exceeding the buckling load, the local buckling and also the interaction
of different buckling modes occurs. Since deflections of plate members are
relatively large and, simultaneously, constitutive relations between stresses






