J. Comput. Struct. Eng. Inst. Korea, 32(3)
pp.183~190, June, 2019
https://doi.org/10.7734/COSEIK.2019.32.3.183

pPISSN 1229-3059 eISSN 2287-2302
Computational Structural
Engineering Institute of Korea

2EH0|n AME[EY

rok

FAsHANES 9
q

A Near-tip Grid Refinement for the Effective and Reliable Crack
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Abstract

This paper introduces a near-tip grid refinement and explores its usefulness in the crack analysis by the natural element
method(NEM). As a sort of local h-refinement in finite element method(FEM), a NEM grid is locally refined around the crack tip
showing high stress singularity. This local grid refinement is completed in two steps in which grid points are added and Delaunay
triangles sharing the crack tip node are divided. A plane strain rectangular plate with symmetric edge cracks is simulated to validate
the proposed local grid refinement and to examine its usefulness in the crack analysis. The crack analysis is also simulated using a
uniform NEM grid for comparison. Unlike the uniform grid, the refined grid provides near-tip stress distributions similar to the
analytic solutions and the fine grid. In addition, the refined grid shows higher convergence than the uniform grid, the global relative
error to the total number of grid points.
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et al., 1994; Liu et al., 1995, Duarte and Oden,
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(interpolation function)&2l A9 (support)E°] &3¢
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L7393 (Dolbow and Belytschko, 1999).
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element method) (Braun and Sambridge, 1995;
Sukumar et al., 1998) 2.2 & do] 7Fs3lt}. x4 20|
M BARgREEe] asls AAo] ofd H=Ewol(voronoi)
tholo] a3y} A9y (delaunay) AH2EtE 7iuko 2 9
7] wZel A2UA de JdE whEei) gk Bk
BoE flal A ety AP E] 7hs FAR %
FAAES 9 A A 9ES s7] wZolth(Sukumar et
al., 1998; Lee and Cho, 2008).
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= 4 794 (smoothness) & AL JTHSukumar and
Moran, 1999). o|#|g BIgh4¢e] 48 5408 2
Oitﬂ o o 5}]/\473_1/]./] 76]§]— = ;{ﬂfg—‘@'% T:‘l_',q—,/] X]—71

’¢(locking phenomenon) 2| 2ol 245 HCho
et al., 2013). 3, 7298 A= & gHiof
A FREHA S A 7IHer griEi ItH(Chinesta
et al., 2011).
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grn= é ZZ Fjl )
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E(constant strain) #3224 (finite element) 71434
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Fig. 2 A non-convex NEM grid composed of delaunay
triangles and grid points
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3}7] 9gto]tH(Cho and Lee, 2006).

Fig. 3 Laplace interpolation function ¢,z) for a crack
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Fig. 4 First refinement
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