X-DMS 2015
eXtended Discretization MethodS
September 9-11, 2015, Ferrara, Italy

A new formulation for imposing Dirichlet boundary conditions
on non-matching meshes

Aurelia Cuba-Ramos', Alejandro M. Aragén®*, Soheil Soghrati3,

Philippe H. Geubelle!, and Jean-Francois Molinari

! Institute of Civil Engineering, School of Architecture, Civil and Environmental Engineering (ENAC),

Ecole Polytechnique Fédérale de Lausanne (EPFL), CH-1015 Lausanne, Switzerland
2 Department of Precision and Microsystems Engineering, Faculty of 3ME, Delft University of
Technology, Mekelweg 2, 2628 CD, Delft, The Netherlands
3 Department of Mechanical and Aerospace Engineering, The Ohio State University, 201 West 19th
Avenue, Columbus, OH 43210, USA
4 Aerospace Engineering Department, University of Illinois, 104 South Wright Street, Urbana, IL
61801, USA

Key words: GFEM/XFEM, IGFEM, Lagrangian multiplier method, Dirichlet boundary condi-
tions, non-matching meshes

ABSTRACT

Generating matching meshes for problems with complex boundaries is often an intricate pro-
cess, and the use of non-matching meshes appears as an appealing solution. Yet, enforcing
boundary conditions on non-matching meshes is not a straightforward process, especially when
prescribing those of Dirichlet type. By combining the IGFEM (a type of GFEM described in
[1]) with the Lagrange multiplier method, we introduce a new approach for the treatment of
essential boundary conditions on non-matching meshes. The new formulation yields a symmet-
ric stiffness matrix and is straightforward to implement. As a result, the methodology makes
possible the analysis of problems with the use of simple structured meshes, irrespective of the
problem domain boundary. Through the solution of linear elastic problems, we show that the
optimal rate of convergence is preserved for piecewise linear finite elements. Yet, the formula-
tion is general and thus it can be extended to other elliptic boundary value problems.

As an example, consider the classical Eshelby problem shown in Figure 1a, where a circular
matrix with properties £, 1 contains a circular inclusion with properties F5, 5. With boundary
conditions (7, ¢) = r,, and ug(r,, ¢) = 0, the exact solution for the displacement field is
given by
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where « is a function of the geometry and the Lamé constants for the matrix (A, ;1) and for
the inclusion (A, 12):

_ (A1 + pin + p2)r
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Figures 1b and 1b show the type of meshes used to perform the analysis. The difference between
the two is that the latter does not match to either the interface nor to the external boundary.
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Figure 1: (a) Eshelby inclusion problem schematic; (b) Unstructured mesh that conforms to the
Dirichlet boundary for the standard IGFEM method; (c) Structured non-conforming mesh for
the IGFEM solution coupled with Lagrange multipliers; and (d) Convergence results showing
in ordinates the energy norm as a function of the mesh size h.

Convergence results in the energy norm are given in Figure 1d, where it is demonstrated that
the new methodology is able to recover optimal rates of convergence.
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