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The theory of hysteresis operators developed in the recent years has proved to be a powerful tool for solving mathematical
problems in various branches of applications, such as solid mechanics, material fatigue, ferromagnetism, phase transitions. In a
series of recent papers [2, 3, 4, 5, 6], we developed a model for thermo-elasto-plastic oscillations of beams and plates with
hysteresis and material fatigue. It is well known that plastic deformations lead to energy dissipation and material fatigue, which
is in turn manifested by material softening, heat release and material failure in finite time.

The aim of this seminar is to present this model and discuss its thermodynamic consistency.

After a short introduction about hysteresis and the main hysteresis operators used in elasto-plasticity (the stop and the Prandt-
Ishlinskii model) we will focus our attention to the main assumption for our model: there exists a qualitative and quantitative
relation between accumulated fatigue and dissipation rate. This is motivated by the so called rainflow method for cyclic fatigue
accumulation in uniaxial processes [1] and by experimentally documented strong heat release at the point of material failure
which manifests an energy dissipation peak. So our approach turns to be different from other situations, see for instance [7],
where the analysis of damage increase in visco-elastic solids is carried on assuming that the damage is driven by large
deformations, rather than by energy dissipation.

In particular, in the papers [3, 4] the influence of the energy dissipation due to the material softening on the damage increase
was taken into account; this assumption accelerates the fatigue accumulation to such an extent that a singularity (material
failure) may develop in finite time. We will discuss about this possibility and present a proposal for the evolution equation for
the fatigue parameter m which is consistent from the thermodynamic viewpoint.

In the last part of the seminar we plan to discuss about the possibility of accounting also decreasing fatigue rate in the model,
i.e. partial damage recovery, by the effects of heat induced phase transitions (local melting), so that the time of failure of the
material can be shifted. This will be done by introducing, together with the fatigue parameter m, also a new parameter of
phase transition, a phase variable ¥, taking values in the interval [0, 1] and describing the degree of melting of the material;
when x= 0 the material is in the solid phase, whereas when x= 1 is completely melted. This recovery mechanism is activated by
the heating due to dissipation and the external source. Also in this case the thermodynamic consistency of the model problem
can be shown under similar considerations as before [6].

We conclude the seminar with some open problems and perspectives in the numerical treatment of this model, a topic that
turns to be as challenging as (for the moment) difficult.
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