








••• National Library
of Canada

Bibliotheque nationale
duCanada

Acquisitions and Acquisisitonset
Bibliographic Services services bibliographiques

6;~~e~RP:ftAS6N,!t 6~~~~eo~~1'}?~~4
Canada Canada

Your file VotrllrtttereflC6
ISBN.-CJ.612·89674·9
Ourfile Not(fJref{Jrence
ISBN.-G-612·89674-9

The author has granted a non­
exclusive licence allowing the
National Library of Canada to
reproduce, loan, distribute or sell
copies of this thesis in microform,
paper or electronic formats.

The author retains ownership of the
copyright in this thesis. Neither the
thesis nor substantial extracts from it
may be printed or otherwise
reproduced without the author's
permission.

In compliance with the Canadian
Privacy Act some supporting
forms may have been removed
from this dissertation.

While these forms may be included
in the document page count,
their removal does not represent
any loss of content from the
dissertation.

Canada

L'auteur a accorde une licence non
exclusive permettant a la
Bibliotheque nationale du Canada de
reproduire, prEHer, distribuer ou
vendre des copies de cette these sous
la forme de microfichelfilm, de
reproduction sur papier ou sur format
electronique.

L'auteur conserve la propriete du
droit d'auleur qui protege cetle these.
Ni la these ni des exlraits substanliels
de celle-ci ne doivent eire imprimes
ou aturement reproduits sans son
autorisation.

Conformement a la loi canadienne
sur la protection de la vie privee,
quelques formula ires secondaires
ont ete enleves de ce manuscrit.

Bien que ces formulaires
aient indus dans la pagination,
il n'y aura aucun contenu manquant.



HIERARCHICAL PLATE AND SHELL
ELEMENT INCORPORATING
SYMBOLIC COMPUTATIONS

by

@SethuramalingamSubbarayalu, B.E.

A thesis submitted to the school of graduate

studies in partial fulfilment of the

requirements for the degree of

Master of Engineering

Faculty of Engineering and Applied Science

Memorial University of Newfoundland

December,1999

St.John's Newfoundland Canada



Abstract

A hierarchical nine node p-version curved shellfinit.e element is developed incorpo­

rating symbolic computations. The element has five nodal degrees of freedom, three

translations and two rotations. The displacement approximation functions which are

hierarchical in nature are derived from the Lagrangian functions. The hierarchical

finite elements hS\"e a distinct advantage of saving computational effort in compari­

son ~'ith h-version elements. HQ\l,-ever, as the order of the displacement polynomial

increases, the number of gaussian points required for integration have to be increased

to obtain eJement matrices. This increases the computational effort required for el­

ement generation. The nature of hierarchical Cannulation offers certain avenues for

the usage of symbolic computations which substantially reduces the computational

effort involved in the element generation. A number of locations where the usage of

symbolic computations offers significant reduction in computational effort are iden­

tified and are incorporated.. The problems associated with the development of finite

element codes can be successfully addressed. by the usage of Object Oriented Program­

ming(OOP) techniques. A Finite element program for the shell element is developed

using this aop technique. The performance of the present element is demonstrated

using various numerical examples.
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