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Abstract The extended finite element method (XFEM) has been one of the privileged tools for crack analysis due to its
significant advantages: (1) Independence of crack geometry on the simulation mesh; (2) no necessity of remeshing when a
crack grows; and (3) high accuracy. However, the method is hindered in engineering practices by the partitioning difficulty
of discontinuous elements, i.e. the geometric interaction between discontinuous interfaces and solid elements. Though
current partitioning algorithms are geometrically exact, they are cumbersome to implement, computationally expensive,
and insufficiently robust. To overcome these issues, a templated partitioning algorithm is proposed based on element
level sets for subdivision and numerical integration of discontinuous elements. Firstly, a templated partitioning library

for standard discontinuous elements is established by enumerating all the patterns of element level set values. Secondly,
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the pattern of a non-standard element to be partitioned is looked up and the sub-coordinates are interpolated based on the
element level set values. Lastly, the non-standard element is efficiently partitioned into sub-triangles based on the standard
element template. The algorithm is incorporated into the conventional XFEM and the improved XFEM for analysis of
discontinuous problems, i.e. the problems with holes, inclusions, cracks and so forth. Numerical examples indicate
that the proposed algorithm achieves favorable accuracy. Without cumbersome geometrical operations, the templated

partitioning algorithm is also efficient and robust, thereby enabling itself to support the extended finite element methods

in practical engineering problems.
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Fig. 2 Construction of level set functions for a crack (redrawn after Ref.[33])
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Fig. 7 Interaction integral domain
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Fig. 8 A square plate with a circular hole at its center:

(a) Problem definition; (b) simulation mesh
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Table 2 Computational costs with different partitioning methods

Method Element by element/ps Total/us  Average/ps
Sub-DT 21, 20, 50, 31, 34, 35, 28 219 31
Sub-LSV 8,8,7,10,6, 10,8 57 8
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Fig. 11 A square plate with a circular inclusion at its center:

(a) Problem definition; (b) finite element mesh
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Fig. 14 Plate with an edge crack under unidirectional shear:

(a) Problem definition; (b) simulation mesh
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Table 3 Stress intensity factors from different approaches

Approach Ki/(Pa-m'/?) K; error/% Ky/(Pa-m'/2) Ky error/%

XFEM+Sub-DT  32.3452 -4.87 43366 —4.69
43306 —4.82
4.5266 -0.51

4.5234 -0.58

XFEM+Sub-LSV  32.3369 -4.89
33.4657 -1.57

IXFEM+Sub-LSV  33.4596 -1.59

IXFEM+Sub-DT
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Fig. 15 Double cantilever beam with an edge crack: (a) Problem

definition; (b) simulation mesh
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