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Abstract:

Deriving macroscopic properties from atomistic systems is a challenging yet rewarding
task. In this thesis, we are concerned with three instances in this direction. First, we
characterize three-dimensional ground states of a two dimensional mass-spring model
featuring a three body potential preferring angles of Pi. The competition between closest
nearest-neighbor interaction and the three-body potential causes flat squares to become
kinked into the third dimension. This gives rise to the question of characterizing tilings
with nonflat squares. We show that such arrangements admit ripples, bending and even
roll-up, but essentially only in one dimension.

It has been shown that mass-spring models converge to classical linear elasticity in the
simultaneous atomistic-to-continuum and linearization limit. In the second contribution,
we extend this result to the dynamic setting. More precisely, we prove that solutions to
the atomistic equation of motion featuring also viscosity effects converge to the
momentum equation for the linear elastic energy.

Whereas in classical continuum mechanics stresses are described solely via contact
forces, the atomistic approach has the advantage of featuring also long-range
interactions. These two paradigms have been combined into a nonlocal continuum
model, called Peridynamics. In some cases, it is possible to recover classical continuum-
mechanics formulations in the nonlocal-to-local limit, i.e., when the horizon of the
nonlocal interactions tends to 0. We present a dynamic nonlocal-to-local convergence
result, considering the quasi static evolution of a viscoelastic peridynamic model with
nonlocal viscosity potential. This can be interpreted as a nonlocal version of a Kelvin-
Voigt rheological model. We prove that solutions of the nonlocal model converge to the
solution of the local equation in the nonlocal-to-local convergence.
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