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1. Abstract

Meshless methods utilized in numericd solution of bounday problems have recently been
widdy investigated by many authors. The explicit connetivity between nodes does not exist for
such methods Therefore dueto computationd efforts in remeshing steps for FEM, the meshless
methodssean to be an attradive alternative for adaptive processin computationd medcanics. The
Natural Element Method (NEM) proposd by Traversoni (1994) Brown and Sambridge (1999 [1]
is tregted as a meshlessmethod. The shgpe functions for the NEM are condructed with hdp of the
Voronoi diagram, which describes so cdled natura neghbous for ead node P; placal in the
domain Q. There are two main kindsof approximation for the NEM, the “nonsibsonian” with the
Laplacecoordinae [2] built on basis of thefirst order Voronoi diagram (1), and approximation with
the Sibson fundions [3] congructed with the hdp of locdly creaed the second order Voronoi
diagram (2).
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Figl) @ The Vaona diagram (first order, andlocdly seaondorder),
b) Delaunay trianges and suppat domain for seleded node.

For both approximations the suppat domein of the shape function for the node P, isthe union
of dl the drcumcircles abou that noce. In this work the Delaunay tessell ation dual to the Vorona
diagram is utili zed. The global stiffnessmatrix is obtained by summing over eat Delaunay triange
instead the trianguarized Vorond region asin [4]. For ead Delaunay triang e the proper stabili zed
numericd integration [5] is applied, i.e. 1 or 2-paints Gauss quadrature dong eat edge of the
triangle. For such an integration only values of the shape function are required, not the derivatives
asusual. The eror in energy norm (3) (or norm) of the solutionis cdculated by the locd projedion
of the solution values over the Delaunay triangles.
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u"isthe NBM solutionin Q and B, — bili nea shape functions for 3-noce triangle.
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In the aaptive procedure the new size of the Delaunay dement is cdculated from
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and new nodes are placel. Firstly at the edges of the Delaunay triangle and then if required in
itsinterior.
For the propaosed routine of the alaptive processwith NEM the results (the energy norm) for
the 2D linea dasticity problem (plane stress problem) (fig.2) and for the assumed permissble
energy error level N=1% are presented in tab.1. The “red” energy (|| u® || = 3.48077) was
cdculated for the uniformly divided domain to 400 eements (8-node finite dements) in AnSys
system. Theinitial and the ultimate nodes location for adaptive processare shown in fig. (2).
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Fig 2) Thetest problem. Theinitial andthefinal set of nodes
Nodes [Ju™| Err Err /[|u"|| [%] Err /|| uf | [%]
9 4.9287 2.8049 E 00 56.91 80.58
25 3.8187 6.7136 EO1 17.58 19.29
81 3.5844 2.0144 EO1 5.62 5.79
224 3.5184 6.9518 E02 1,98 2.00
444 3.5045 3.7097 E02 1.06 1.07
636 3.5001 2.7658 E02 0.79 0.79
Table 1. Result for unity square test problem.
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