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ABSTRACT

Shakedown analysis is a powerful tool to find the safe conditions for the operation of several
types of equipment. The first developments of shakedown theory were related to structural
elements and were based on ideal plasticity [1, 2]. Since then, there have been many attempts
to broaden the application of shakedown theory to more complex material behaviour. In this
work, variational principles and numerical solutions are presented for the shakedown analysis
of materials with density variation and size dependent mechanical behaviour. To model size
effect, the indeterminate and modified couple-stress theories [3] are applied. The first strain
gradient plasticity proposed by Fleck and Hutchinson [4] is used to consider the size effect in
the constitutive equation. A variational principle for elastic shakedown is presented based on
an extension for Melan theorem [1] using couple-stress theory [5]. For porous materials both
hydrostatic and deviatoric stress can promote plastic deformation. The yield function proposed
by Doraivelu [6] is based on the total strain energy density for porous materials and is combined
with the compaction expression proposed by Heckel [7] to describe the mechanical behaviour of
the porous material. In the approach presented in this work, the relative density of the material is
assumed to be dependent on the residual stress field obtained from the solution of the shakedown
problem [8]. Some numerical applications are presented to illustrate the proposed formulations.
The numerical procedure is based on the optimal conditions for the variational problems. The
presented formulations can be used to prevent the failure against alternating plasticity and
ratcheting of components made of materials with these special mechanical behaviours.
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