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ABSTRACT 
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Structures used in plant construction are usually subjected to alternating loads. If a structure is 

subjected to cyclic and over-elastic loading, the plastic strains can accumulate over the cycles. This 

phenomenon, known as ratcheting, confronts scientists and engineers with the problem of developing 

and applying techniques and models to enable the design of such structures. 

Thus, it is important to know the non-linear material behaviour under cyclic loading and to implement 

it in a suitable material model. Kinematic hardening plays an important role to reproduce the behaviour 

of the structure in a realistic way and to design efficiently.  

Although many of the non-linear material models are very powerful, they cannot assert themselves in 

cyclic analyses. The main reason is the very time-consuming effort for incremental step-by-step 

analyses over many load cycles. For this reason, direct methods have been developed which provide 

information about the structural behaviour under cyclic loading with a small amount of computational 

effort [1]. Most of these methods have been developed for ideal-plastic material behaviour and some 

have been extended for kinematic hardening. However, most of these direct methods do not provide 

information about the state quantities needed to prove fatigue resistance and lifetime.  

The Simplified Theory of Plastic Zones (STPZ), on the other hand, provides all necessary state 

quantities in the state of shakedown for both elastic and plastic shakedown [2]. For this purpose, a 

multi-linear overlay-model has been used so far [3]. A new approach is presented in this paper, which 

allows multi-linear limited hardening or any number of segments of a multi-linear stress-strain curve. 

The new approach is tested with generally non-linear material behaviour on practical examples and its 

efficiency and accuracy is presented against a full incremental analysis. 
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