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For decades, finite element analysis (FEA) has been the tool
of choice for stress analysis which is still widely practiced.
Currently, most failure simulations involve FEA. Although mature,
powerful and versatile, the FEA simply fails to predict failure
initiation and complex crack growth because the FEA
formulation is not mathematically suitable for simulation of
failure. The governing equations of motion include spatial
derivatives of the displacement components which are not valid
in the presence of displacement discontinuities such as cracks.
Therefore, it requires special treatment of mathematical
singularities which are not physical. Furthermore, these
equations lack an internal length parameter which appears
naturally in many physical problems. These shortcomings
present limitations when addressing crack initiation and growth
in materials. Damage initiation is not intrinsic, and crack growth
prediction is commonly achieved by implementing either an
external local or global criteria for guiding the crack path
subsequent to numerical discretization and analysis. Even meshfree codes based on the conventional theories require such
criteria. The same is true of cohesive elements and similar
methods. Methods to predict crack initiation and its growth
remain active areas of research.
Peridynamics converts the existing governing field equations
from their local to nonlocal form through a peridynamic
differential operator while introducing an internal length
parameter. The peridynamic differential operator enables
differentiation through integration. As a result, the equations
become valid everywhere regardless of discontinuities. The lack
of an internal length parameter in the classical form of the
governing equations is the source of problem when addressing
crack initiation and growth. Peridynamics, not requiring spatial
derivatives, removes the obstacles concerning the prediction of
crack initiation and growth in materials. Furthermore, the
material response includes damage.
The main difference between the PD theory and classical
continuum mechanics is that the former is formulated using
integral equations as opposed to differential form of the
classical equations of motions. This feature allows crack
initiation and propagation at multiple sites, with arbitrary paths
inside the material, without resorting to external crack growth
criteria. (cont’d.)
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(abstract cont’d.) In peridynamic analysis, damage in the
material is simulated in a much more realistic manner compared
to the classical continuum-based methods. Because of the natural
treatment of cracks in peridynamics, cracks may appear
spontaneously in a body, and they may grow and arrest
according to whatever conditions exist in the deformation. They
can grow at whatever velocity is determined by the interaction
between a crack tip and its surroundings. Similarly, the direction
and curvature of crack growth emerges from the peridynamic
equations of motion and constitutive model. All of these features
are predicted without the need for any special techniques or
supplemental equations. Crack growth in the peridynamic
theory is “autonomous” or “unguided.”
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