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Summary . A new set of numerical methods for predictive modeling of crack propagation
on aircraft structures based on discontinuous interpolation is intr oduced. These meth-
ods solvemany shortcomingsand limitations of classical FEMs, in particular in terms of
accuracy and stability of the numerical approximation. The combination of thesemeth-
ods with appropriate adaptive local re-meshingcan circumvent the unreliability and high
mesh-dependencyof classical approaches, and can e�ectively model fracture onset and
propagation. Someresultsare presented on the simulation of fracture of ductile and brit-
tle materials.

1 INTR ODUCTION

The main focusof this paper is the development of an accurateand appropriate numer-
ical method for the treatment of crack initiation and propagation. Classicalapproaches
have beenshown to render unreliable approximations to the crack propagation path, a
fact dueto insu�cien t approximation of the stress�eld near the crack tip and a crudeand
inappropriate treatment of the crack growth. When it comesto creating or propagating
a fracture, most commercialand customizedcodes resort to the elimination or removal
of the a�ected elements, which results in a high-meshdependencyof the solution and
a completely unphysical behaviour in most casessincethe crack endsup following lines
given by the meshin use. Someworkaroundshave beenproposedover the past yearsand
others are still under research2, but unfortunately most of them rely on classicalFEMs,
which present many numerical problemsand limitations.
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Figure 1: Elastodynamics model problem.

2 DGFEM, the new approac h

The alternative proposedmakes use of Discontinuous Galerkin Methods1 (DGM or
DGFEM), a wide family of state-of-the-art numerical methods for the solution of PDEs
basedon discontinuousinterpolation and numerical 
uxes. Thesemethods lie in between
classicalFinite Element Methods (FEMs) and Finite VolumeMethods (FVMs), and solve
many shortcomingsand limitations of both methods in the �eld of computational me-
chanics.

2.1 DGFEM weak form ulation

In order to introduce the ideasemployed in thesemethods, we start by consideringa
simple elastodynamics problem for a linearly elastic material. It is well known that the
elastic responseof a domain 
 subjected to both traction and displacement conditions
(seeFigure 1) is given by the following IVP
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Proceeding in an analogousmanner to the one used in classicalmethods, the weak
formulation of this problemcanbe obtainedby multiplying by a test function, integrating
by parts element-wise and collecting internal boundary integrals in terms of averagesand
jumps, thus arriving at the following linear and bilinear forms3
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and
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de�ned on broken Sobolev spaces.The term
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is the penalty term that controls the level of continuity achieved in the solution.

2.2 DGFEM vs. cracks

Bearing in mind the inherent discontinuous nature acrosselement boundariesof the
solutions obtained by this method, the increasedstabilit y of the approximations and
the 
exibilit y and suitabilit y of their use in combination with adaptivit y, this type of
methods are a good choice for numerical modeling crack initiation and propagation. In
this formulation elements are naturally independent from one another, only connected
through someintegral terms that ensuretheir proximit y. Appropriate useof theseterms
can relax the degreeof mutual bonding of two elements, allowing them to separate,as it
is the casein fracture propagation.

3 Numerical results

Two di�eren t approacheshave beentaken in order to simulate fracture with DGFEM.
The �rst consistsin calculating the interelemental facewith maximum stressand turning
it into part of the Neumannboundary. This results in a fast opening crack, appropriate
for brittle materials. SeeFigure 2 for a 2D V-notched specimenclamped on its left end
and being pulled on the right. It can be shown that the generalcrack path is insensitive
to meshchangesand topology. In Figure 3 we can seean exampleof the extensionto 3D.
A prismatic bar with a pre-existingslit is loadedin an analogousway.

The secondapproach takesadvantage of the fact that the penalization parametercan
be modi�ed locally, thus being able to control the speedat which the discontinuity, i.e.
the crack, grows. This technique, combined with hp-adaptivit y and plastic models will
enableus to obtain good approximations for fracture surfacesin ductile materials.

4 CONCLUSIONS

DGFEM represents a brand-newand promising approach for the treatment of fracture
problems. Its increasedstabilit y and accuracyo�ers a numericalapproximation morereli-
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Figure 2: Fracture onset and propagation in a 2D V-notched specimen with quadratic triangles using
NIPG and backward Euler time-stepping on a meshwith 404 elements.

Figure 3: Fracture onset and propagation in a 3D V-notched specimenwith quadratic tetrahedra using
NIPG and backward Euler time-stepping on a meshwith 648 elements.

able than classicalmethods. Their inherent discontinuousapproximation o�ers a natural
and easyto handle framework for the treatment of fracture problems.
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