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Resumo

Neste trabalho é proposta e testada a utilização de bases digitais, designadamente de
sistemas de wavelets e de séries de Walsh, na simulação dos estados de tensão e de de-
formação em placas e lajes, tanto em regime elástico como em regime elastoplástico,
utilizando formulações não convencionais de elementos finitos h́ıbridos-mistos.

No domı́nio de cada elemento aproximam-se simultânea e independentemente os
campos de tensão e de deslocamento e, também, a distribuição dos parâmetros
plásticos em cada uma das células cŕıticas em que se considera subdividido o elemen-
to. A escolha da grandeza a aproximar na fronteira e a forma como são tratadas as
condições do problema permitem obter dois tipos alternativos de elementos h́ıbridos-
mistos, os elementos de equiĺıbrio e de compatibilidade. Os critérios de aproximação
são definidos de modo a assegurar as condições de dualidade estática-cinemática, de
reciprocidade elástica e de plasticidade associativa.

O tipo de sistemas que é necessário resolver obriga ao desenvolvimento de algorit-
mos especialmente adaptados à manipulação eficaz de matrizes esparsas de grandes
dimensões. Realiza-se um conjunto de testes numéricos para caracterizar as soluções
obtidas, estudar a eficiência dos processos de refinamento p- e h-hierárquicos e ana-
lisar a influência da distorção da malha de elementos finitos. Os exemplos apresen-
tados permitem ainda sublinhar as vantagens e identificar alguns dos inconvenientes
associados à utilização das funções de aproximação estudadas.
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Abstract

The main objective of the present work is to suggest and test the use of digital
bases, namely wavelet systems and digital Walsh series, in the simulation of elastic
and elastoplastic states of stress and deformation in laminar structures, using non-
conventional hybrid-mixed finite element formulations.

The stress and displacement fields are simultaneously and independently approxi-
mated in the domain of each finite element, which is discretised into plastic cells
wherein the plastic parameter distribution is also approximated. The selection of the
boundary field to be approximated and the technique used to process the equilibrium
and compatibility conditions lead to two alternative hybrid-mixed finite elements,
namely stress and displacement elements. The finite element approximation criteria
are so chosen as to ensure the fundamental conditions of static-kinematic duality,
elastic reciprocity and associated plasticity.

The nature of the resulting solving systems requires the development of algorithms
specially suited to process efficiently large sparse matrices. A complete set of nume-
rical tests is performed to characterise the behaviour of the finite element models
being implemented and to validate the solutions they generate. Besides the study of
specific aspects, such as the efficiency of h- and p-hierarchical refinement procedures
and the sensitivity to mesh distortion, the numerical tests are also used to stress the
advantages and to identify some of the limitations associated with the use of digital
finite element approximation bases.
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