
Accepted Manuscript

The aggregated unfitted finite element method for elliptic problems

Santiago Badia, Francesc Verdugo, Alberto F. Martı́n

PII: S0045-7825(18)30147-6
DOI: https://doi.org/10.1016/j.cma.2018.03.022
Reference: CMA 11828

To appear in: Comput. Methods Appl. Mech. Engrg.

Received date : 26 September 2017
Revised date : 19 February 2018
Accepted date : 16 March 2018

Please cite this article as: S. Badia, F. Verdugo, A.F. Martı́n, The aggregated unfitted finite element
method for elliptic problems, Comput. Methods Appl. Mech. Engrg. (2018),
https://doi.org/10.1016/j.cma.2018.03.022

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.cma.2018.03.022


 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

THE AGGREGATED UNFITTED FINITE ELEMENT METHOD FOR ELLIPTIC
PROBLEMS

SANTIAGO BADIA, FRANCESC VERDUGO, AND ALBERTO F. MARTÍN

Abstract. Unfitted finite element techniques are valuable tools in different applications where the gen-
eration of body-fitted meshes is difficult. However, these techniques are prone to severe ill conditioning
problems that obstruct the efficient use of iterative Krylov methods and, in consequence, hinders the prac-
tical usage of unfitted methods for realistic large scale applications. In this work, we present a technique
that addresses such conditioning problems by constructing enhanced finite element spaces based on a cell
aggregation technique. The presented method, called aggregated unfitted finite element method, is easy to
implement, and can be used, in contrast to previous works, in Galerkin approximations of coercive problems
with conforming Lagrangian finite element spaces. The mathematical analysis of the method states that the
condition number of the resulting linear system matrix scales as in standard finite elements for body-fitted
meshes, without being affected by small cut cells, and that the method leads to the optimal finite element
convergence order. These theoretical results are confirmed with 2D and 3D numerical experiments.
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1. Introduction

Unfitted FE techniques are specially appealing when the generation of body-fitted meshes is difficult.
They are helpful in a number of contexts including multi-phase and multi-physics applications with moving
interfaces (e.g., fracture mechanics, fluid-structure interaction [1], or free surface flows), or in situations
in which one wants to avoid the generation of body-fitted meshes to simplify as far as possible the pre-
processing steps (e.g., shape or topology optimization frameworks, medical simulations based on CT-scan
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