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Fig. 1: High-velocity contact simulation of three spheres crashing into a
rectangular panel; logo of Peridynamics.jl

1. Summary

Peridynamics is a nonlocal continuum mechanics formulation,
which was introduced by Silling [16]. It has gained increased popu-
larity as an approach for modeling fracture. The deformation of the
solid is described by integro-differential equations that are also ful-
filled for discontinuities, making it very capable of modeling crack
propagation and fragmentation with large displacements. Much
peridynamics research has been done in recent years, summarized
in various review papers and books [3} 8], [12]].

Typically, in peridynamics the continuum is discretized by material
points. Points interact only with other points inside of their spec-
ified neighborhood or point family H, which is defined as the set
of points inside a sphere with the radius d, also named the horizon.
The interaction of the point X with its neighbor X" is called bond
and defined as

AX=X"-X. (1)

The equation of motion reads
0t(X,t) = b™(X,t) + b™(X,t), )

with the mass density p, the point acceleration vector i, and the
point force density vectors b™* and b°**. Various material formula-
tions of peridynamics exist for the calculation of the internal force
density b'™*, and all of them are based on the nonlocal interactions
between material points.

Fig. 2: Fracture simulation of tensile tension test with a crack propagating
in the middle of the specimen

The general internal force density for state-based peridynamics is
defined as

b (X t) = / t—tdv’, 3)
H

with the force vector statest = t(AX,t) andt' = t(—AX,t).In
the first original bond-based formulation of peridynamics, the force
vector states ¢ and ¢’ have the same value and opposite direction.
In bond-based peridynamics, this implies an intrinsic limitation to
only one material parameter and, consequently, restrictions on the
Poisson’s ratio [17]]. To overcome these restrictions, a state-based
peridynamics was established. In the ordinary state-based peridy-
namics, the deformation states of neighboring points also influence
the internal force density [17]. This leads to force vector states
which are still collinear but not of same value anymore.

Further developments are summarized as non-ordinary state-based
peridynamics. A recent development in this regard is continuum-
kinematics-inspired peridynamics [[7]. Another peridynamic for-
mulation is the local continuum consistent correspondence formu-
lation of non-ordinary state-based peridynamics, where an elastic
model from the classical local material theory can be used to cal-
culate the internal force density.

Peridynamics. j1 is an open source Julia [1] implementation of
peridynamics. It can be used to conduct simulations with applica-
tions such as crack propagation due to external loading conditions
(see Fig.[2), or multi-body contact simulations (see Fig. [I). Users
can specify arbitrary geometries as a point cloud to use as a spatial
discretization for a simulation. It is also possible to import meshes
generated with ABAQUS and convert them into point clouds. Mul-
tiple peridynamic material models are implemented and can be
used in dynamic simulations using Velocity Verlet integration or
in quasi-static simulations with an adaptive dynamic relaxation al-
gorithm [10].
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The primary purpose of the package is to provide a framework for
peridynamic simulations for a broad user base. A user-friendly in-
terface makes it possible to define geometries and boundary condi-
tions with just a few lines of code. Due to Julia’s multiple dispatch
functionality, custom material models can be defined to extend the
package. Therefore, researchers can use the package to develop
new peridynamic material models, simplifying their workflow by
utilizing the Julia ecosystem.

2. Statement of need

Various peridynamics software projects exist, including PeriPy
[2], NLMech [9], Peridigm [11f], and PeriHub [18]. Peridigm
stands out as a mature package capable of large-scale peridynamics
simulations that also includes several material models and features.
However, the installation process and integrating custom models is
notably complex.

Installing and extending Peridynamics. j1 is straightforward, as
it benefits from the Julia ecosystem. Due to its extendability via
multiple-dispatch, the package is attractive to researchers devel-
oping new peridynamic models. Peridynamics.jl was already
used in numerous publications [4} 6} [15] [13] [14} 5], which shows
the practical usability of the package.

Furthermore, practitioners interested in high-performance comput-
ing can also use the default methods of the package for exciting
simulations. The package is used for teaching and was already used
by several students for their final thesis.

3. Perspectives

In version v0. 2.0, a multithreading approach is employed. An ex-
tension to a hybrid approach with MPI or multithreading is made
in version v0.3.0. The internals have been thoroughly reworked
to incorporate a data structure that can be used for parallel simu-
lations with either MPI or multithreading. These changes also in-
clude new material models and a simplified API. For future ver-
sions it is planned to add improved material models and to utilize
DifferentialEquations. jl for the time integration.
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