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ABSTRACT

Peridynamic formulation [1, 2] uses spatial integrals over a volume, instead of spatial derivatives
at a point in classical continuum theory, to compute the strain energy. The motivation behind
these integrals is the clear advantage over the spatial derivatives when there are discontinuous
fields in the domain. Yet these integrals also introduce a new parameter in the formulation, i.e
the radius of the spherical integration domain known as the peridynamic horizon. Peridynamic
horizon can be viewed as a clear consequence of the mathematical formulation, i.e. a clear argu-
ment from the physics of the problem for the need of such parameter does not exist. However, it
does effects some aspects of the physics of the problem, especially when inertial forces are in play.
In many studies [3], the horizon is selected just large enough, compared to the grid size, to avoid
the grid effects as suggested in [4], i.e. cracks growing along the rows and columns of the grid.
The effect of horizon size on elastic wave dispersion is comparatively well studied [1, 5, 6, 7],
in [7] a calibration procedure to reproduce the dispersion properties of granular materials was
also introduced. But the effect of peridynamic horizon on dynamic crack propagation and the
mechanisms involved in this effect are not clear. In [8] it was suggested, that the trailing waves
formed due to wave dispersion can break additional peridynamic bonds, resulting in an increase
in the crack propagation speed. A delta-convergence analyses was performed in [9] in terms of
crack propagation velocity and conclusions were drawn that as the horizon size is reduced down
to some value, the crack propagation speed does not change significantly. To the best of the
authors’ knowledge, an explanation of how the peridynamic horizon is affecting the crack speed,
is not available.

In this contribution, three dimensional peridynamic analyses of dynamic propagation of single
cracks in PMMA plates subjected to quasi-static loads on the boundary, similar to the setup
of the experiments performed in [10, 11], are presented. This loading condition requires a
combination of an implicit (quasi-static) and an explicit (dynamic) solver, but it allows one to
assume that the crack is propagating in an infinite medium up to the time until the waves reflect
back to the crack tip from the specimen boundaries. The infinite medium assumption helps in
the investigation of the trailing waves hypothesis [8]. Delta convergence analysis is performed
with respect to crack velocities as well as the evolution of strain, kinetic and dissipated energies.
The evolution of crack velocities, up to the time until which the infinite medium assumption
holds, does not provide evidence in the favor of the trailing waves hypothesis. From the evolution
of different energies it is found that the horizon size influences the energy balance in the crack
tip region, which in result dictates the dynamics of crack propagation.
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