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Formulation Method of a Singular Finite Element for Orthotropic Materials
and its Application

WanKeun Lee and JangKeun Lim

Key Words :

EF8 4T 22 (hybrid finite element method), £ Z = 3H4*(Trefftz function),

5} 4] 3l (analytical solution), & 34d (compatibility), -3 2] Z(traction), 5] F32 4
(singular finite element), & I % 5-(discontinuous part), 2 2.0] 94 (orthotropic)

Abstract

In order to analyze effectively the discontinuous parts such as holes or notches included in mechanicat
structures by the finite clement method, a singular finite element for orthotropic materials is proposed. This
singular element is formulated by the Trefftz method and the hybrid variational principles, which the
displacements and stresses are simultaneously assumed using the Trefftz functions. Through several numerical
tests, it is shown that the proposed singular element is very efficient for the accurate stress analysis of the

various types of discontinuous parts.
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Table 1 Elastic properties of Orthotropic materials.

(unit : GPa)

Yellow- Glass- Graphite-
poplar Epoxy Aluminum
(Ye-Po) (GI-Ep) (Gr-Al)

E, 10.34 53.78 124.11

E,, 0.951 17.93 24.82

G, 0.776 8.96 22.06

Vi 0.318 0.25 0.3
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Fig. 2 Orthotropic tensile plate with a elliptical hole.
(a=0.25)
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Table 2 Comparison on the stress concentration factors
of orthotropic and isotropic materials according to the
ratio of elliptic hole radius.

Table 3 Stress concentration factors of the tensile plate
with three holes.
(ANSYS results)

b/a  Ye-Po Gl-Ep Gr-Al isotropic with an without an  stress
1 5.3955 3.9960 4.0838 4.8355 adjacent hole adjacent hole reduction
0.5 3.1967 249752 25414 29172 Gl-Ep 3.93955 5.28569 2547 %
0 1.0018 1.0012 1.0012 1.0015 (4.1768) (5.0963) (18.04 %)
Gr-Al 4.06998 5.37921 2434 %
(4.2989) (5.1625) (16.73 %)

Fig. 3 Stress concentration factors according to the
potential function orders.
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Fig. 4 Analysis model of a orthotropic tensile plate
with three holes.
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Table 4 Stress concentration factors of the muiti-holed
plate.

stress concentration time

nodes factor (sec)

4.65747 (GI-Ep)
4.84664 (Gr-Al)
4.4328 (Gl-Ep)
4.5368 (Gr-Al)
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