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The standard finite element method (FEM) can be
used to model brittle fracture, but cracks have to
be aligned with edges of finite elements. As an
alternative, the eXtended/Generalized Finite Ele-
ment Method (XFEM/GFEM) elegantly decouples
the crack geometry from the discretization [1]. How-
ever, some important properties of standard FEM
are lost, e.g., the condition number of the stiffness
matrix can be arbitrarily high when cracks are very
close to standard FEM nodes, and standard degrees
of freedom (DOFs) loose their physical meaning.
The computer implementation is also far from triv-
ial, since non-standard procedures are required for
prescribing nonzero essential boundary conditions
(BCs) when enrichments are nonzero along Dirichlet
boundaries (e.g., shifting or penalty formulations).
Finally, the formulation is very intricate when deal-
ing with complex discontinuity cases such as branch-
ing and merging.

As an alternative to XFEM/GFEM, the
Discontinuity-Enriched Finite Element Method
(DE-FEM) [2, 3] can solve problems with both
material interfaces and cracks and with a unified
formulation. DE-FEM places enriched DOFs to
nodes created directly along discontinuities, thereby
solving many issues of XFEM/GFEM. Because
enrichment functions in DE-FEM vanish at standard
mesh nodes, standard DOFs retain their physical
meaning and there are no issues in blending ele-
ments. The method is also stable with regards to
the condition number, and nonzero essential BCs
can be enforced strongly. Finally, DE-FEM’s com-
puter implementation in displacement-based FEM
codes is straightforward. DE-FEM thus keeps the
most salient feature of XFEM/GFEM—decoupling
between mesh and cracks—while retaining some
desirable properties of standard FEM.

DE-FEM has only been studied so far for station-

ary cracks under stationary loading cases. In this pre-
sentation, we demonstrate DE-FEM for both quasi-
static and dynamic brittle fracture propagation, in-
cluding branching and merging. For dynamic frac-
tures, implicit time integration methods are used and
their parameters are tuned to mitigate numerical in-
stabilities. Dynamic stress intensity factors are ob-
tained by a path-independent dynamic interaction in-
tegral [4] and propagation directions are determined
according to maximum circumferential stress crite-
rion. The methodology is demonstrated on a set of
complex crack growth problems.
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[1] Nicolas Moës, John Dolbow, and Ted Be-
lytschko. A finite element method for crack
growth without remeshing. International Jour-
nal for Numerical Methods in Engineering,
46(1):131–150, 2023/01/29 1999.

[2] Alejandro M. Aragón and Angelo Simone. The
discontinuity-enriched finite element method.
International Journal for Numerical Meth-
ods in Engineering, 112(11):1589–1613, 2017.
nme.5570.

[3] Jian Zhang, Sanne J. van den Boom, Fred van
Keulen, and Alejandro M. Aragón. A stable
discontinuity-enriched finite element method for
3-d problems containing weak and strong dis-
continuities. Computer Methods in Applied
Mechanics and Engineering, 355:1097 – 1123,
2019.
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