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Understanding how dislocations interact and how they move is a key step for predicting the
mechanical behaviour of metals, and these lectures aim at sheding some light on these issues. More
precisely, I will focus on the following problems.

• Pile-ups of dislocation walls. The major obstacle to the motion of dislocations is
the presence of grain and phase boundaries. When dislocations encounter such barriers,
they pile up against them, causing the material to harden. I will present results on the
discrete-to-continuum upscaling of dislocation walls via Γ-convergence and analyse the
boundary-layer at the barrier ([2], [4] and [1]).

• General 2D single-slip case. In [3] we extended the previous results to more general
distributions of dislocations in the plane, removing the constraint for the dislocations to
arrange into vertical walls. I will discuss this generalisation and comment on the form
of the limit energy, which is common to many (also unrelated) systems of interacting
particles.

• Rate-independent evolution. However, macroscopic plasticity is heavily depen-
dent on dynamic properties of the dislocation curves. In [3] we added a time-dependent
forcing term to the interaction energy and coupled the total microscopic energy with
a Wasserstein-type dissipation distance. I will present the results of existence of a rate-
independent solution for the microscopic system and its convergence to a rate-independent
solution for the limit problem.
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