An optimization-based coupling strategy for local and
nonlocal models with applications to static peridynamics

Marta D'Elia*, Pavel Bochev*, Dave Littlewood*, Mauro Perego*

“Sandia National Laboratories, Center for Computing Research
1450 Innovation Parkway SE, Albuquerque, NM, 87123, USA
e-mail: mdelia,pbboche,djlittl, mperego@sandia.gov,
web page: cfwebprod.sandia.gov/cfdocs/CompResearch

ABSTRACT

The use of nonlocal models in science and engineering applications has been steadily increasing over
the past decade. The ability of nonlocal theories to accurately capture effects that are diffcult or
impossible to represent by local Partial Differential Equation (PDE) models motivates and drives the
interest in this type of simulations. However, the improved accuracy of nonlocal models comes at the
price of a significant increase in computational costs compared to, e.g., traditional PDEs. In
particular, a complete nonlocal simulation remains computationally untenable for many science and
engineering applications. As a result, it is important to develop local-to-nonlocal coupling strategies,
which aim to combine the accuracy of nonlocal models with the computational efficiency of PDEs.
The basic idea is to use the more efficient PDE model everywhere except in those parts of the domain
that require the improved accuracy of the nonlocal model.

We develop an optimization-based method for the coupling of nonlocal and local problems in the
context of nonlocal elasticity. The approach, based on a previously introduced coupling method for
nonlocal diffusion problems [1], formulates the coupling as a control problem where the states are the
solutions of the nonlocal and local equations, the objective is to minimize their mismatch on the
overlap of the nonlocal and local domains, and the controls are virtual volume constraints and
boundary conditions. We prove that the resulting optimization problem is well-posed and discuss its
implementation using Sandia's agile software components toolkit.

We present numerical results for nonlocal diffusion in three-dimensions to illustrate the key
properties of the optimization-based coupling method. As an application, we present results for a
static peridynamic model and show the consistency and efficacy of our method on realistic
geometries and test cases.
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