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Abstract. Recent analytical solutions for peridynamic (PD) models of transient dif-
fusion and elastodynamics allow us to revisit convergence of 1D PD models to their
classical counterparts. We find and explain the reasons for some interesting differences
between the convergence behavior for transient diffusion and elastodynamics models.
Except for very early times, PD models for transient diffusion converge monotoni-
cally to the classical one. In contrast, for elastodynamic problems this convergence
is more complex, with some periodic/almost-periodic characteristics present. These
special features are investigated for sine waves used as initial conditions. The anal-
ysis indicates that the convergence behavior of PD solutions to the classical one can
be understood in terms of convergence properties for models using the Fourier series
expansion terms of a particular initial condition. The results obtained show new con-
nections between PD models and their corresponding classical versions.
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1 Introduction

Peridynamics (PD) is an integral-type nonlocal theory [1, 2], which provides an alterna-
tive scheme to the partial differential equations (PDEs)-based classical continuum me-
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Figure 1: Schematic of peridynamic interactions for a node x with a horizon region (Hx) of radius δ in domain
Ω.

chanics (CCM). In this theory, one essential feature is the nonlocality introduced by con-
sidering that any material point has ”direct” interactions with its neighboring nodes over
a certain region called ”horizon”, not only its nearest neighbors as in CCM. As shown in
Fig. 1, material points, which interact with point x, within a distance δ of x form the
”family” of x, Hx. Based on this nonlocality, the material mechanical response can be de-
scribed using integrals over the horizon of a point. Spatial derivatives of deformation are
therefore avoided, leading to excellent performance when modeling problems involving
discontinuities, such as cracks, fracture, corrosion and dislocations, etc. [3–13]. Since its
birth more than 20 years ago, PD has gained the attention of many researchers and its de-
velopment has been rapid, in both theoretical developments and applications to a variety
of fields [14–22]

A proper nonlocal theory is supposed to converge to the local counterpart in the limit
of vanishing nonlocality. Efforts have been dedicated to investigate this convergence for
PD models from a variety of viewpoints. Emmrich and Weckner [23] provided a rigor-
ous study showing convergence of the bond-based Peridynamics (BBPD) to the classical
Navier equation when the horizon goes to zero. Results concerning well-posedness and
uniqueness were also presented there. In [14, 24], Silling and Lehoucq constructed the
mathematical and conceptual relations between the nonlocal PD formulation and CCM.
In addition, a number of mathematical [25–30] and numerical [31–35] studies were car-
ried out to analyze the convergence of nonlocal PD models to the corresponding classical
local ones.

In general, obtaining analytical solutions for nonlocal models (described by integro-
differential equations) appears to be more challenging than finding them for the corre-
sponding local models, based on partial differential equations. Recently, we have derived
analytical solutions to the PD models for transient diffusion and dynamic elasticity in 1D
and simple 2D domains with simple boundary conditions, by using the method of sep-
aration of variables, and obtaining solutions in the form of infinite series [36, 37]. With
these PD analytical solutions, the convergence behavior of PD models to the local models
can be investigated further. In this paper, we focus on investigating convergence proper-
ties of nonlocal solutions to the corresponding classical ones in 1D PD models of transient
diffusion and elastodynamics.


