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1. Abgract

Triangular elements are more versatile than redangular elements; they can be used for the
andysis of plates having various bounday shgpes. The use of triangular finite elements for the
solution of plate bending unde Kirchhoff assumptionsis conddered. An investigation about the
convegence behaviour of two KPT elements representing the naure of conformal and non-
conformal eements paformed.

The KPT elements chosn to show the influence of increase the nodd field variables and the
interpolation fundion order to obtain the continuity requirement for C* problems. The numericad
examples performed in this work to clarify the advantage of usng highe order element in terms of
therate of convegencecompared with the lower order element.

2. Introduction
For the well known plate bending govening equdion we can apply the first step of the
Galerkin formulation gpproad by minimizing theresidud R.
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After subgituting element trial solution, the general expresson can be written in a matrix form as:
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The paent element will have its own coordinae system (&,n), to convet the uppe integral forms to
this coordinate system we write:

4) dA = Jac.dé.dn Where Jac is the Jambian determinant.

As we natice the plate bending element still capable to represent the element field variables
with saisfadory amourt of acaracy even for the elements of nonconforming type. This element is
one of the first elements where useal for plate bending problems and it shows a good convergence
reaults for threenodesnine DOF KPT element.

Note that no complete paynomia available to represent nine degrees of freedom, the
complete cubic palynomial will have ten unknawvns (P3). One of the choiceswe have is that one of
the terms &% or & is omitted. In this casewe use the following polynomial for our displacement
interpolation weighing functions.

(5 N= a+ af+ an+ aé’+adn+an’+al+af’n+an’
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To obtain the nine unknawns (a;, i=1, 2... 9) we ned to defi ne the condtion of the nodal weighing
values(N;).

Three nodes eighteen DOF KPT element (six degreesof freedom per nodke) is one of the
conformal plate bending elements. The compatibility requirements for C1 problems require the
abowe six field variablesto be continuois at the corner nodes Here we med the sane complexity
that we have sea in the nine DOF triangle element, where also there are no complete paynomials
avail able to represant eighteen DOF. The complete quadric palynomia (P,4) hasonly fift een terms.

The following suggeged polynomial is complete up to terms of fourth order and contains
threeterms of fift h order. The lad threeterms are chosen to forcethe normal derivative on eat side
to be cubic in & and #, on other hand the parabdlic variation of the norma slope is not uniquely
defined by the two end nodal valuesand hencereaulted in the non-conformity [4].
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3. Numerical Results

The numericd reallts for the ssmply suppated and clamped square plateswhere obtained for
deferent number of elements, the plate geometry, physicd propertiesand uniformly distributed load
are chosen to be within the Kirchhdf assimptions. The platesare 1m x1m x13mm,E=200GPa and
v=0.3 uncer uniformly distributed load of 0.1 MPa. The maximum defledion reaults of the first
element insuresthe convergence asthe number of elements increasng in the simply suppated and
clamped plates thisis also true for the seond element.

The figure shows that in terms of both total degreesof freedom and number of elements the
higher order element presents better performance and convergence rate for the simply suppated
plate and for other cases

0.14%0

0.13%0

—e— "3 nodes 9 DOF Element”
0.12%0 |~~~ &~~~ 7~ —=— "3 nodes 18 DOF Element” b

0.11%6

0.10% +-------—---"—"--"N--"-"-"-"J- -~ L__

Ea

0.09% f ———=————=———l-———— - o3l

0.089%6 | T T R T T

0.07% | ——————-Ng-l~——-—~———==d4-"="—"—"—"—"—"——"—~b—— e~ ®——e ___

0.06%06 -

0.05%%0

o 2000 4000 6000 8000 10000
TDOF

Figure 1. Simply Suppated Plate Resilts (TDOF vs Error %)
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