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Static and Dynamic Analysis of Plate Structures
using an Enhanced Finite Element
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Abstract

This paper is concerned with development of an enhanced quadratic Mindlin plate bending element.
The behavior of the proposed plate element is further improved by the coupled use of non—
conforming displacement modes, the selectively reduced integration scheme, and the assumed shear
strain fields. The improvement may be attributable to the fact that the merits of these improvement
techniques are merged in the formation of the new element in a complementary manner. The
proposed quadratic finite element passes the patch tests, does not show spurious mechanism, and
does not produce shear locking phenomena even with distorted meshes. It is shown that the element
produces reliable solutions through numerical tests for standard benchmark problems. It is also
noted that the element is applicable to transient dynamic analysis of Mindlin plates.
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E1. 834 Mindlin H#24

Integration Rule DOF
Shape Function per N.o' Zero(0)
Kee | Ken | Knn | Node Eigenvalues
Reference Name Comment
(after Total Vitual
condensati] Zere | Zero
w GX,Oy B S B S BIlS on EigenvalyEigenvaluy|
foriginal} es es
Hughes [2] | QLS 9-node 9-node |[N|R[-{-[-{(-|27/27 4 1 -
8-node Spuriou
NC8-A| — — 8-nod RIRIR|R{R|R|24/27| 7 4
Choi and Kim *Ns~Ns| ° 0 / szero
(3] 8-node energy
NC8-B + N 8-node |R{R|R|R|R|R]| 24/25 5 2 modes
5
8-node
NC8-CS Vv 8-node |R|N|-|N{-|N|24/27| 3 0
Choi and Kim NN, N
[ 5
-node
_ ) ROV - - IN| -
NC8-DS YN~ T 8-node [R|N N|24/27| 3 0
Kim and Choi 9-node
- - P R
8 NC-QH | 8-node + NN, NIR|N N{R|24/30] 3 0
. 8-node’ 24/3
This Study | NMS8 8-node N~ N R| N]JR[ N[ R 9 3 0
1 : assumed shear strains
N : normal integration (3x3 scheme)
R :reduced integration (2x2 scheme)
* not communicable in a mesh of two or more elements
B : bending
S ! shear
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Mesh type
References Name t/L P Comment
(a) (b) () (d)
Huah | 10‘; 1.0108 1.0213 1.0110 0.9637
ughes et al. 10° 1.0108 0.9659 1.0073 0.9238 )
2] QLS 1 10° | 10088 | 09038 | 10053 | oo1so | Nolocking
10* | 1.0088 0.9017 1.0052 0.9149
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Kim and 10 1.0023 1.0018 0.9946 0.7963 Poor with
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10° 1.0018 0.9943 0.9936 0.7757
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Lamain [6] 107 1.0005 0.6184 0.5527 0.6133 mesh (b),
10* | 1.0004 0.5341 0.5099 0.5977 (c) and (d)
T
ig_z 1.0186 1.0398 1.0140 1.0407
. ., 1.0068 1.0334 1.0025 1.0514 .
This Study | NMS8 | 10° | 1504 1.0312 1.0004 1.0aos | Nolocking
10 1.0047 1.0313 1.0003 1.0498
500 50
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