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ABSTRACT

The pervasive presence of cracks in many structures, in particular in aerospace engineering, still
represents a challenge for the engineer who wants to simulate the full structural life cycle. Since cracks
do not satisfy the basic hypothesis of Classical Continuum Mechanics (CCM) i.e. the continuity of the
domain where the problem is defined, in the last years many scientists have tried to equip CCM based
methods, in particular the Finite Element Method (FEM), with the capability to simulate crack
propagation.

Among the promising approaches well suited to model crack propagation there is that based on the
theory of Peridynamics (PD) [1,2]. The PD based method does not assume continuous displacements,
but it is not computationally efficient, due to the non-local nature of PD. Therefore, coupling of PD
grids to FEM meshes in a way to obtain a numerical method that possesses the advantages of both
computational techniques and avoids their pitfalls is the topic of a growing research effort [3-5].

An often-overlooked issue in the use of coupled computational methods is the verification of overall
structural equilibrium: coupling different models of solid mechanics, to describe the mechanical
behavior of a body, can affect the satisfaction of the equilibrium equations for the overall body. We
will illustrate the problem through simple examples of statically determinate structures, partially
discretized with a PD method and partially with a classical mechanics FEM approach. In our examples,
using the coupling method presented in [5], the magnitude of the out of balance forces is small,
compared to that of the acting forces, but it cannot be assumed to be a numerical error. We observe
that even if the method described in [5] satisfies the usual numerical tests: rigid body motion, patch
test, uniform strain cases, ... Our work will examine how the variation of the main features of the
coupled model, such as position and size of the PD region, length of the coupling boundary, rate of
change of the strains ..., can affect the magnitude of the out of balance forces. Moreover, we will
propose new criteria to reduce the magnitude of the out of balance forces.
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