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Combined Extended and Superimposed Finite Element
Method for Crack Analysis

o A %» 5 A e § F Ao
Lee, Sang—Ho Song, Jeong—Hoon Huh, Moon—Seok
ABSTRACT

This paper presents a modeling technique of cracks by combined extended and superposed finite element method (XS-
FEM) which is a combination of the extended finite element method (XFEM) and the mesh superposition method (s-
version FEM). In the proposed method, the near-tip field is modeled by a superimposed patch consisting of quarter
point elements and the rest of the discontinuity is treated by the XFEM. The actual crack opening in this method is
measured by the sum of the crack openings of XFEM and SFEM in transition region. This method retains the strong
point of the XFEM so it can avoid remeshing in crack evolution and trace the crack growth by translation or rotation of
the overlaid mesh and the update of the nodes to be enriched by step functions. Moreover, the quadrature of the
Galerkin weak form becomes simpler. Numerical experiments are provided to demonstrate the effectiveness and

robustness of the proposed method.
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Figure 3. Modeling of a crack

Figure 2. Mapping procedure opening displacement ((a)=(b)+(c))
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Figure 5. Comparison of displacement and stress profiles of square patch with near-tip field to the
closed form solutions (a) crack tip opening displacement (b) stress
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Table 1. Stress intensity factors according to the variation of
slant crack angles
Mode Reference XS- Relative
Slant
Solutions FEM Errors
Angles
(%)
0 Mode I 7.75 7.73 0.26
Mode II - - -
Mode I 5.54 5.55 0.18
30°
Mode II 1.72 1.71 0.58
Mode I 3.66 3.64 0.55
45°
Mode II 1.79 1.78 0.56
600 Mode 1 2.10 2.08 0.95
Mode 1I 1.48 1.49 0.68
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