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Abstract: The talk is an overview of two computational mathematics projects
that have in common the use of the finite element method (FEM) to perform
numerical simulations. I will begin discussing some recent advances in the mod-
eling of nonlocal diffusion processes with interface. Nonlocal problems are char-
acterized by a type of interaction that is not limited to points that are in direct
contact with each other, and long range communication can occur. Nonlocal
interface problems differ considerably from their local counterpart and therefore
call for an appropriate treatment. The proposed formulation relies on an energy
minimization approach inspired by a similar strategy used for elliptic partial
differential equations, and aims at guaranteeing well-posedness and consistency.
These two features are currently not both guaranteed by existing nonlocal inter-
face formulations. Next, I will discuss the coupling of the material point method
(MPM) with the FEM for the simulation of the interaction between two solid
bodies. The coupling is motivated by the properties of the two methods under
different deformation regimes, and it is achieved in a monolithic fashion. With
such a choice, the two bodies are treated as a single continuum and compene-
tration cannot occur. Hence, contact search and detection algorithms, that may
be considerably expensive from a computational standpoint, are avoided.
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