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Formulation of a Singular Finite Element and Its Application
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Abstract

For the effective analysis of two dimensional plane problems with geometrical discontinuities,
singular finite element has been proposed. The element matrix equation was formulated on the basis
of hybrid variational principle and Trefftz function sets derived consistently from the complex theory
of plane elasticity by introducing a conformal mapping function. In order to suggest the accuracy
characteristics of the proposed singular finite element, typical plane problems were analyzed and
these results were compared with exact solutions. The singular finite element gives the comparatively
exact values of stress concentration factors or stress intensity factors and can be effectively used for
the analysis of mechanical structures containing various geometrical discontinuities.
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Fig. 1 Conformal mapping an ellipse onto the unit circle.
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Table 1 Stress concentration factors of the plate
with an elliptical hole.

My s

b/a o,/ p a.”lp
1 3.001 (3.0) -1.001 (-1.0)°

08 3501 -1.001

06 4.334 -1.001

0.4 6.001 -1.001

0.2 11.002 -1.000-
0.1 21.004 -1.000
0.01 201.035 -1.000
0.001 2077.496 -1.000

* Exact solution
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(b) Finite element model used

Fig. 3 Infinite plate containing an elliptical hole

Fig. 4 Typical singularity

under uniaxial tension.
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Table 2 Stress concentration factors of the plate
with a circular hole.
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Table 3 Stress concentration factors of the plate
with a circular hole (a=b=1).

L/2a 0,%/p 0.5/ p o,/ p a.’/p
100 3.000 -1.000 Type A 3.076 -0.928
40 3.000 -1.000 Type B 3.050 -0.955
20 3.000 -1.000 Type C 3.037 -0.967
40/3 3. ~1.000
16 3.0010(2;).0)* ~1.001 0(0_1_0)~ Table 4 Stress intensity factors of the plate with
20/3 3001 “1.001 a center crack (b=0).
5 3.003 -1.003 L/2a K; Ky
4 3.004 -1.005 T A 10 1.036 (1.0)° | -0.081 (0.0)°
20/6 3.007 -1.008 ype 5 1.462 (1.414)" | -0.106 (0.0)
20/7 3.011 -1.011 T B 10 1.024 -0.062
20/8 3.016 -1.016 ype 5 1.447 -0.081
20/9 3.022 -1.021 Tvpe C 10 1.018 -0.054
2 3.030 ~1.027 P 5 1.439 ~0,069
* Exact solution * Exact solution®
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(b) Type B

Fig. 5 Symmetric singular finite element model used.
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Table 5 Stress concentration factors of the plate
with 100 circular holes.

a, "l p a5l p
Singular element 2.0264 2.0264
ANSYS Type A 1.8905 1.8905
Type B 2.0842 2.0842
Table 6 Stress concentration factors for the first
row_holes.
Hole No. ayA/p 6.5 p
1(in) 2.0267 2.0267
2 2.0262 2.0271
3 2.0255 2.0278
4 2.0250 2.0286
5(out) 2.0222 2.0311
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(a) Singular finite element
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Fig. 6 Finite plate with 100 circular holes under biaxial tension.
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