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Effective Analysis of Beams and Plates using the RKPM
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Abstract

In this paper, RKPM is extended for solving moderately thick and thin structures. General Timoshenko
beam and Mindlin plate theory are used for formulation. Shear locking is the main difficulty in analysis of
these kinds of structures. Shear relaxation factor, which is formulated using the difference between bending
and shear strain energy, is introduced to overcome shear locking. Analysis results obtained reveal that RKPM
using introduced method is free of locking and very effectively applicable to deeply as well as shallowly

beams and plates.
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Fig. 1 Cantilever beam with end point load.
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Table 1. Convergence of tip displacements according to
t/L in cantilever .

Number of Nodes
t/L 6 10 15 20
1E-1 0.990 0.999 1.000 1.000
1E-2 0.921 0.989 0.998 0.999
1E-3 0.898 0.985 0.997 0.999

Table 2. Comparison of tip displacements according to

(Gauss points.
Gauss Number of Nodes
Point 6 10 15 20
3 0.907 0.986 0.997 1.000
4 0.921 0.989 0.998 0.999
5 0.921 0.989 0.998 0.999
6 0.921 0.989 0.998 0.999
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Fig. 2 Simple beam with central point load.
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Fig. 3 Clamped beam with distributed load.
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Fig. 4 Plate model with 81 nodes
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Fig. 5 Simple square plate under central point load.
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Fig. 6 Simple square plate under distributed load.
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Fig. 7 Clamped square plate under distributed load.

6. & &

Foiryor T79 He HAL HAT u
A7l 73R d4¢ glol7] 98 Adas
A& EY4sided o9 F84& FHd7 4
&t} o7tA £AAAE dHMstn 2 BHE B
Esld s & 8L 9949

1) AdEE o] &o] Hegs A4E Qe
22N ARG 84S AAT 4 Ao

2) RKPM o2 g2 %2 jda A=
HRKPM 2 3A ¢ dol 5 54¢ B,

Skl

i

(1) Monaghan J. J,, 1988, “An Introduction to SPH,”
Computer Physics Communications, Vol. 48,pp. 89~96.

(2) Belytschko T., Lu Y. Y. and Gu L., 1994, “Element
Free Galerkin Methods,” International Journal for
Numerical Methods in Engineering, Vol. 37, pp.
229~256

3) Liu W. K, Jun S. and Zhang Y. F, 1995,
“Reproducing Kemnel Particle Methods,” International
Journal for Numerical Methods in Fluids. Vol. 20, pp.
1081~1106

(4) Duarte C. A., Oden J. T.,, 1996, “An h-p Adaptive
Method Using Clouds, Computer Methods in Applied
Mechanics and Engineering, Vol. 139, pp.237~262

(5) Krysl, P. and Belytschko, T., 1995, “Analysis of thin
plates by the element-free  Galerkin method,”
Computational Mechanics, Volume 17, Issue 1-2,
Pages 26-35

(6) Kam Liu Wing, Chen Yijung, R. Aziz Uras and Tang
Chang Chin, 1996, “Generalized multiple scale
reproducing kernel particle methods,” Computer
Methods in Applied Mechanics and Engineering, Vol.
139, Pages 91-157

(7) Atluri, SN, Cho, J.Y. and Kim, H.-G, 1999,
“Analysis of thin beams, using the meshless local
Petrov-Galerkin method, with generalized moving
least  squares interpolations,”  Computational
Mechanics, Volume 24, Issue 5, Pages 334-347

(8) Brian M. Donning and Kam Liu Wing, 1998,

- 684 -



“Meshiess methods for shear-deformable beams and
plates,” Computer Methods in Applied Mechanics and
Engineering, Volume 152, Issues 1-2, Pages 47-71

(9) Oscar Garcia; Eduardo A. Fancello, Clovis S. de
Barcellos and C. Armando Duarte, 2000, “hp-clouds in
Mindlin's thick plate model,” International Journal for
Numerical Methods in Engineering, Volume 47, Issue
8, Pages 1381-1400

(10) Alexander Tessler and Thomas J.R. Hughes, 1983,
“An Improved Treatment of Transverse Shear in The
Mindlin-Type Four-Node Qadrilateral Element,”
Computer Methods in Applied Mechanics and
Engineering, Vol. 39, Pages 311-335

(11) Alexander Tessler and Thomas J.R. Hughes, 1985,
“A Three-Node Mindlin Plate Element with Improved
Transverse Shear,” Computer Methods in Applied
Mechanics and Engineering, Vol. 50, Pages 71-101

(A, $ue, 44T, 2000, “EFGM oA I
FRAZzA Aegs A g3dr AR, o
@71A%3 =83, pp.803~809

(13) Herbert Reismann and Peter S. Pawlik, 1980,
Elasticity-Theory and Applications, John Wiley &
Sons, Inc.

- 685 -



