3xtel 10 E-Alte o o3t FEEH
Y-S H A

Static and Dynamic Analyses of Bending Problems
Using 3-Dimensional 10-Node Equivalent Element
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Abstract

In this paper, a modified 10-node equivalent solid element (MQM 10 element), which has smallest de-
grees of freedom among 3-dimensional solid elements accounting bending deformation as well as ex-
tensional and shear deformations of isotropic plates, is proposed. The proposed MQM10 element exhib-
its stiffer bending stiffness due to the reduction of degrees of freedom from 20-node element or Q11
element.

As an effictive way to correct the relative stiffness stiffening phenomenon. the modification equa-
tion of Gauss sampling points is proposed. The quantity of modification is a function of Poisson’s
ratio. The effectiveness of MQM10 element is tested by applying it to several examples. It is noted
that the results of static and free vibration analysis of isotropic plates using MQM10 elerments show a
good agreement with those using 20-node element.

Keywords : relative stiffness stiffening phenomenon, static condensation, modified gauss sampling

points, 3-D 10-node equivalent element.
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Fig. 1 Configuration of 8-node solid element
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Fig. 6 Patch test model of MQM10 element
Table 1-A Patch test result for load in y-y d-
rection
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Table 1-C Patch test result for load in x-y d-
rection

o o
d. 0. [} a. 0. a.
fiennent

1 -BT3E-16Y ATOE-16 | - A7) 160GECD | - 3322E-19
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a
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Table 1-D Patch test result for load in y-z d-
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5 1052816 | - 30228 16 | - 14UE-15 | - 2444E-16 | - TR0OKN0 § - 1540818
6 |- I4SIE-18] 301TE-16 | - 8527E-15 | - 4346k - 17| - 10N | - 87T0K-17
7 STBE-1T| 284E-15 | - 1984E-16 | 2847E-16 | - 180K {= T95E-16
§ SRI6E-17} 13THE-1D | -3506E-16 | J078E-16 | - 160K |- 57ask-17
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Table 2 Displacement error of 3-D trapezoidal
mesh of MQM10 and 20-node element
caused by mesh dstortion

Distortion Displacemeny (%, vreor)
Flement 00% T 20% T 40% [ 60% [ 80% [ inux
exact solutinn 14286
Ao AITE33 | SITT25 | 917710 | GITR88 | 9IRO8 | G1TRI8
o 1 A T T R U B SR B A IR
tlement

(=) COHUSTY* | G251 | LO0 ™ | LI0B2 ™ | i1
SOTI03 | 880840 | 880024 | T8R32 | 7RESI | T8I
wmod || GDF BT B9 | @t |t
MQMTH )R A Ll T T Rl A
element 81755 | 17288 | G16364 | G14887 | 912776 | Gnins
e | e [ | st | o | e
I R e R e e
()* Terror with respect to exact solution
()** Terror with respect to rectangular 20-node result

Table 3 Stress error of 3-D trapezoidal mesh of
MQM10 and 20-node element caused by
mesh distortion

Distortion Stress % error

Flement i oo | A | e | sen | o
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elenient [~ 1.20) 140 {6 (8 (1.0
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Fig. 8 Displacement error of MQM10 element
and 20-node element caused by mesh
distortion
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Table 6 Displacement error of free-free-fixed-
fixed plate
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Table 6 Comparison of natural frequencies of
isotropic plate with rectangular mesh

15 mode | 25t mode T30 mode | 4t miode | 88t mode
(hassification Hz Hz Hz Hz Hz
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Table 7 Comparison of natural frequencies of
isctropic plate with trapezoidal mesh
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Table 8 Comparison of natural frequencies of
isotropic thin plate (L/t =100)
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