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Fig. 1. The process of quadtree grid generation, a- one level division,
b- three levels devisions, solid points indicate regular nodes and hollow

points indicate hanging nodes, c- continuing divisions untile a pre
specified element size, d- continuing divisions untile the maximum level

difference between adjacent elements reaches one
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Fig. 2. A portion of a quadtree mesh in which six different element types
are indicated by letters A to F
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Fig. 3. Node arrangement and local node numbring six different element

types that appear in quadtree meshes
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Fig. 4. Three dimensional representation of shape functions of four node quadrilateral element (element Type A) in local coordinate system (£,77)
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Fig. 5. a- Three dimentional representation of root function ¢ () in
root coordinate system, b-Coordinate transformation between local co-

ordinate system (£,7) and root coordinate system (a, f3)
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boundaries in the root coordinate system
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Fig. 7. General definition of the boundary conditions of the Laplace
equation as used in derivation of the root functions

&l gl Cuz (LY doles (50 Ll geges i iV JSCS
Ao,

S azg 55 59y Siye bl el o ools s @ = g(f)
oY Wolne (Llod > adl oo jho plp (Cul; 5 Vb 0g29)
(@) alasly )3 ol ools (Las (5550 Lulpd g ol b @pe G 59,
s BB Giie glis 8 o it silolaz g, bV US55
50 el 0al 0851 (F) alal, yo Lril jo alies ol gely el
AV B (V) Llg, 0 a5 0,0 0925 oo sl )l g ol s abal) -0l
Olereas ol Llg,y zlseial g a0l J> Old s> ailoads cay yas
el oliws BB DN g e 0 wiges

o4 09,
o "
(+1 B)=¢(a,+1)=0 ®)
da,~1) = f(a)
#(-1,8)=g(p)
& A4, ()4, () +
pep )‘Z( B, (B)B,, () ] ”
4, = j: f(a) sin(%(a + 1)}10: )
A4, (a)= sin(% (o + 1)) \)
—%mﬂ)_ ~GP)
4,(8) =" f,, @)
|



FAS VY o ¥+ o oY o)l DY 0,93 « S yual SlSo wigen 4 i

PP ai, 2l slp B, 9 4, «lpe) Jeua
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Fig. 8. Four root functions ¢, to ¢, in the root coordinate system
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Table 2. All of the shape functions of element types A to F
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Fig. 10. The quadtree meshes which are used in the first example
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Table 3. Results of the patch test in the first example
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Fig. 11. The quadtree meshes which are used in the second example
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Fig. 12. Relative error norm versus number of nodes in the second example
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