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The problem with X-FEM
X-FEM Formulation:

With discontinuous enriched function H only:
U(M,t) = Ni(M)Gi+H(M)5iJ
il N,

Newmark scheme in explicit case:

The stability is obtained for a time step
depending on the dimensions of the smallest
element.

The critical time step is determined as:

From Stiffness and 2

Mass matrix:

Critical time step depends on the smallest element

The eXtended Finite Element allows not to

remesh, but the created crack path can V
make very small « subelements » when /
crack path is close to a node. 77
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The problem comes from the critical time il /AI
step which can tend to zero whenthe crack | | 7. .
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Results in 1D:
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Results in 2D and 3D:

Critical time step in function of position of the crack, for
3 different elements (with the lumped mass matrix):

 Triangle and Square element in 2D,

e Cubic element in 3D.

: . o plane crack incline
L
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The Lumping technigue
The mass matrix is lumped as:

T

the standard diagonal terms are: .., =

Nnodes

the enriched diagonal terms are: ., = =
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The lumped mass matrix:

With H=+/-1: With H,=1 then 0O, and H,=0 then 1:

g*; Efficient explicit time stepping for the eXtended Finite Element Method, T. Menouillard, J. Réthoré, A.
/' Combescure and H. Bung, International Journal for Numerical Methods in Engineering, accepted.

Validation: comparison with implicit
Properties: 60mmx70mm, E=5.76e9Pa, n=0.42, r =1180kg/m?

Implicit with H only: Dt°=10rms
only. Dt=Dt%/4

and crack tip enrichment&t°

Explicit with
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Crack length in function of time
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Crack paths

ne results are the same in space and timgréck sath in mesh

ne explicit simulation has not diverged.

The explicit critical time step Is also proved with non
diverged simulations.

Conclusion

To simulate a crack propagation in a structure,
In explicit dynamic with X-FEM, we need.:

Mesh of the structure without the initial crack: to &l
to determine the critical time step of the structure,

Initial crack defined by the enriched function H.

The time step to be used, is taken as
the half of the critical time step of the
structure without crack.
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