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 “Failure” is an application-wise term. For instance, the 

failure of a car part is many times defined by the 

material elastic limit, the failure of a metal beam in 

construction is frequently connected to the 

development of plastic hinges, while the failure of a 

classical multi-drum column is related to its partial or 

full collapse under static or dynamic actions. Many 

definitions can be given for failure, but there is always 

a close relation between “failure” and “instability”. 

After the pioneer work of Lyapunov, instability takes a 

precise and rigorous meaning in mathematical 

modeling and it is nowadays a basic ingredient of the 

so-called bifurcation theory. The latter studies the 

existence and stability of the steady states of non-

linear systems. Buckling is an example of the 

application of bifurcation theory, when large 

displacements and/or deformations are taken into 

account. Another important application of bifurcation 

theory is strain localization, which can be seen as a 

bifurcation of the solution from the homogeneous 

state of deformation to a localized one. Strain 

localization is favored by softening behavior. 

In this seminar some recent results are presented 

focusing mainly on strain localization and fault-

mechanics. As softening plays a central role in strain 

localization and energy dissipation, the advantage of 

higher order continuum theories (e.g. Cosserat) is 

illustrated for regularizing the ill-posed mathematical 

problem of Cauchy continuum. Finally, the importance 

of thermo-hydro-mechanical couplings in the post-bifurcation, beyond failure regime is shown through 

the numerical integration of the governing non-linear equations. These theoretical and numerical 

developments are expected to cover ground for answering several open questions related to 

earthquake nucleation and eventually earthquake control.  
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