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Development, of the Plate Element Using Combination
of Reduced Integration and Nonconforming Modes
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Abstract

By the combined use of reduced integration and addition of nonconforming displacement
modes, a highly effective new plate element has been established. The displacement field of this
element was formed by adding nonconforming modes only to transverse displacement component
of Ahmad-Irons’ element and the element matrices are computed by the numerical integrations
with modified orders.

Comparing with other elements, the superiority of the both NC8-4.1 and NC8-5.1 elements
over the elements previously studied has been observed. The solutions with these elements con-
verge to the true solutions very rapidly as the mesh is refined. These elements are also shown
to be applicable to the wide range of thick and very thin plate problems.
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2. B MAH % (Reduced Integration Method)
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6. F=x|siA 0 (Numerical Examples)

6-1. PrHBH (Plane Stress Problem)
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Element Square(a;mm ) General (frr1o )
Design- | Quadrature | Vertical | Stress ox | Stress ox | Stress ox |Vertical Stress ox | Stress ox | Stress ox
ation rule deflec- at A at B at € deflec- |, at A at B at C
‘ tion at A i Jtion at A
oMLY 160.0 ~3000 3000 0 67.50 ~2727 2112 503
Qa* 1 68.2 ~2184 2184 545 35,70~ ~1761 246 698
c8 (2x2) 99.40 -3000- ' 3000 73:6 99.71 ~3016 3016 81.8
c8 (3x3) - 99.30 ~3000 - 3000 70.1 . 99.40 -3008 3000 B4.2
NCB-2.3 {3x3) 99.41 ~3000 3000 73.6 99.72 ~301¢€ ‘ 3016 81.8
nee-2.3 1 (2x2)+(3x3)]  99.45 ~3000 3000 ‘73.5_ "99,7‘2 ~3020 3020 80.5
Theory 100.0 -3000 3000 0 100.0 -3000 3000 0
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Design-{ Quadrature t/ . t/h _
atio_n rule 1/2 174 /10 1/20 1/2 1/4 1/10 1/2‘0
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(i) Simply supported:piate in uniform Toad. (x10° -3
Element " general{ [ Y] Square{ &5 )
Designation | Quadrature g, | K2 | =t =2 n=3|d =4
s 1 {2x2) 3,798 | 4111 | 2.720] 4.030] 4,110
ce i (3x3} v 3,621 |10 2557 5,984 4.090
L B {3x3) 3.7¢p | 4111 | 2,780 4.030 [ 4,110
Cwes-nn | lesds(paa) 3800 [74.200 [13.786) 4.101) 4.190
. HEB-5.1 (3c3) 2810 " #l200 | 2.800]%.102 | 4:200
NCB-5.1 (2x2)+(3%3) 4.011 | 4.200 {a.000( a.1:0] 4,200
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Designation | Quadrature rule | N=2 H=4 [ N=21N= 3 H=4
c8 (2x2) “ el [ 13.00 | 9.9 1271} 12,88
[ (3x3) 4.62 11.50 4,411 10.63|11.32
: NCB-4.1 {3x3) 9.70 13.00 9.49112.70 1 12.9%
nee-4.1 (2x2)+(3x3} 9.78 13.07* | ©.60| 12.72 13.00
NCB-5.1 (3x3) 11.64 13.10 | 11,60} 12.90 | 13.00
HE8-5.1 (2x2)+(3x3) 11.63 13.10 | 11.62 12.96{ 13.1¢
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(ii) Clamped edge
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APPENDIX 1:7|&

t, t : shell thickness, thickness at node i

#,= |#,v,w| : components. of displacement in x, 9,2

directions

#.=|u, v, w| : components of amplitudes of noncon-

forming displacement modes

Vi, Vo, Vi @ unit direction vectors in the z',y', 2!

directions, respectively

Z.=|z, ¥, 2| : global coordinates

zut= |z, y1, 21| : local coordinates

a, B : rotations about z!, y' axes
&s=€&,n,C| : curvilinear coordinates

$i= 2 Vo — Vil

NCg-4.1

NC : nonconforming
8 : number of modes
4 : number of added noncomforming modes
1 : number of components of amplitudes of non
conforming displacement
(825 1 1985. 2. 13)



