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This paper presents the development of a new three-dimensional brick finite element by
the use of the strain based approach for the linear analysis of plate bending. The developed element
has the three essential external degrees of freedom (U, V and W) at each of the eight corner nodes as
well as at the centroidal node. The displacement field of the developed element is based on assumed
functions for the various strains satisfying the compatibility equations and the static condensation
technique is used for the internal node. The performance of this element is evaluated on several

problems related to thick and thin plate bending in linear analysis. The obtained results show
the good performances and accuracy of the present element.
© 2013 Production and hosting by Elsevier B.V. on behalf of Faculty of Engineering, Alexandria

University.

1. Introduction

Great attention has been oriented to the plate elements based
on the Reissner/Mindlin theory [1,2] which takes into account
the shear effect. Other research works have been given to the
three-dimensional elements [3,4], for the thick plates in bend-
ing. However, these elements tend to cause undesirable shear
locking phenomena when dealing with thin plates. By using
higher order elements, these locking phenomena are reduced
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but the computational effort becomes larger. Most of the at-
tempts to alleviate this problem have resorted to the use of
techniques based on reduced integration [5]. Other formula-
tions have been established to develop robust three-dimen-
sional elements [6-16], which allow preventing shear locking
when dealing with thin structures.

As an alternative for displacement models, the strain based
approach has been used to develop robust elements. The first
elements developed are curved elements [17,18] then extended
to plane elasticity [19-21], three-dimensional elasticity ele-
ments [22] and Reissner/Mindlin plate elements [23]. As the
continuation of developing strain based elements, many at-
tempts were made by other researchers [24-29]. The formula-
tion of the finite elements based on the strain approach is
that in this approach we start interpolating the strains that al-
low having better accuracy on stresses, strains and displace-
ments [17-29]. There are two essential components to any
displacement field. The first component relates to rigid body
modes of displacements and the second component is due to
the straining of the element. The strain based approach
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6 4 provides many advantages which are as follows: easy satisfac-

tion of the convergence criteria, independent functions for the

5 ; _____ various components of strain insofar as it is allowed by the
Lo 9 ¢ compatibility equations and enrichment of the displacement

field by higher order terms without introducing non-essential
degrees of freedom. The displacement field is obtained by inte-
X(U) grating the strains.

In this paper a new brick finite element based on the strain
Figure 1  Brick element with U, V, and W degrees of freedom at approach and with a modified elasticity matrix [22,6,30,15] is
each of the nine nodes. presented for the linear analysis of either thin or thick plate
bending. This new element named SBB (Strain Based Brick)
possesses eight corner nodes as well as the centroidal node with
the three essential external degrees of freedom (U, V' and W) at
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each node. In developing the present element the static conden-
sation technique [20,29,31] is used and the in-plane bending
strains (ey, &, and 7,,) have been enriched with terms in x
L sym and y that produce further improvement in the convergence
of the results. This element is examined and compared with
other elements through a deep numerical evaluation which
sym .
confirms the good performance of the strain based approach.
2. Theoretical considerations
L
The strain components and the compatibility equations for the
Figure 2 Square plate bending with various conditions three-dimensional linear analyses are respectively given by the
(E =10.92, v = 0.3 and the shear factor k = 5/6). following:
c
S oss 2 04
b= : °
o 0.5 o] 0.4 *—‘fs—ﬁ = e % 7
[ ek e " kg, — S=
% 0.45 = '?/* g A = % 0.35
= 0.4 7 A © I
58 o3pbfK £ g 03 l —=— DBBS
c = —=— DBBS 8T 025 one
8 %_ 0.3 / SBHS8 (_.) = l —v— SBB )
© 5 025 —v— SBB ® Q 02 —— Ref solution
c 7 —k— Ref solution c ; /
82 o2 22 15
2 0.15 2 !
] ] 0.1
£ 01 £ W L
5 0.05 5 0.05 ]
/A’
c c o
o 0 o 0
2 0 20 40 60 80 100 120 140 160 180 200 220 240 260  Z 0 20 40 60 80 100 120 140 160 180 200 220 240 260
number of elements Number of elements
(@) L/h =10 (b) L/h =100
c
o 05
=
3
=2 ¥ -
qq-’ 0.4 / N S
S
So 03
- O
5 :,\ / —— DBB8
T SBH8
ST o2 —v— SBB
g [=] —— Ref solution
s 2
(7]
[=
Q
E
S
c
)
z

0 20 40 60 80 100 120 140 160 180 200 220 240 260
Number of elements

(c) L/h = 500

Figure 3 Non-dimensional central deflection of a simply supported plate with a uniform load (WD/ql*) x 100).
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