Volume 21

CRM
PROCEEDINGS &
LECTURE NOTES

Centre de Recherches Mathématiques
Université de Montréal

Plates and Shells

Michel Fortin
Editor

m‘é American Mathematical Society




Selected Titles in This Series

21
20
19
18

17
16
15
14
13
12

11
10

Michel Fortin, Editor, Plates and shells, 1999
Katie Coughlin, Editor, Semi-analytic methods for the Navier-Stokes equations, 1999
Rajiv Gupta and Kenneth S. Williams, Editors, Number theory, 1999

Serge Dubuc and Gilles Deslauriers, Editors, Spline functions and the theory of
wavelets, 1999

Olga Kharlampovich, Editor, Summer school in group theory in Banff, 1996, 1998
Alain Vincent, Editor, Numerical methods in fluid mechanics, 1998

Frangois Lalonde, Editor, Geometry, topology, and dynamics, 1998

John Harnad and Alex Kasman, Editors, The bispectral problem, 1998

Michel C. Delfour, Editor, Boundaries, interfaces, and transitions, 1998

Peter C. Greiner, Victor Ivrii, Luis A. Seco, and Catherine Sulem, Editors,
Partial differential equations and their applications, 1997

Luc Vinet, Editor, Advances in mathematical sciences: CRM’s 25 years, 1997

Donald E. Knuth, Stable marriage and its relation to other combinatorial problems: An
introduction to the mathematical analysis of algorithms, 1997

D. Levi, L. Vinet, and P. Winternitz, Editors, Symmetries and integrability of
difference equations, 1996

J. Feldman, R. Froese, and L. M. Rosen, Editors, Mathematical quantum theory II:
Schrédinger operators, 1995

J. Feldman, R. Froese, and L. M. Rosen, Editors, Mathematical quantum theory I:
Field theory and many-body theory, 1994

Guido Mislin, Editor, The Hilton Symposium 1993: Topics in topology and group
theory, 1994

D. A. Dawson, Editor, Measure-valued processes, stochastic partial differential
equations, and interacting systems, 1994

Hershy Kisilevsky and M. Ram Murty, Editors, Elliptic curves and related topics,
1994

Rémi Vaillancourt and Andrei L. Smirnov, Editors, Asymptotic methods in
mechanics, 1993

Philip D. Loewen, Optimal control via nonsmooth analysis, 1993
M. Ram Murty, Editor, Theta functions: From the classical to the modern, 1993



This page intentionally left blank



https://doi.org/10.1090/crmp/021

Volume 21

B0

CRM
PROCEEDINGS &
LECTURE NOTES

Centre de Recherches Mathématiques
Université de Montréal

Plates and Shells

Michel Fortin
Editor

The Centre de Recherches Mathématiques (CRM) of the
Université de Montréal was created in 1968 to promote
research in pure and applied mathematics and related
disciplines. Among its activities are special theme years,
summer schools, workshops, postdoctoral programs, and
publishing. The CRM is supported by the Université de
Montréal, the Province of Québec (FCAR), and the
Natural Sciences and Engineering Research Council of
Canada. It is affiliated with the Institut des Sciences
Mathématiques (ISM) of Montréal, whose constituent
members are Concordia University, McGill University, the
Université de Montréal, the Université du Québec a
Montréal, and the Ecole Polytechnique. The CRM may be
reached on the Web at www.crm.umontreal.ca.

SHEMA 7,
» %
XY &

American Mathematical Society
Providence, Rhode Island USA



The production of this volume was supported in part by the Fonds pour la Formation
de Chercheurs et ’Aide & la Recherche (Fonds FCAR) and the Natural Sciences and
Engineering Research Council of Canada (NSERC).

1991 Mathematics Subject Classification. Primary 73Kxx; Secondary 65-XX.

Library of Congress Cataloging-in-Publication Data

Plates and shells / Michel Fortin, editor.
p. cm. — (CRM proceedings & lecture notes ; v. 21)

Includes bibliographical references.

ISBN 0-8218-0950-4 (alk. paper)

1. Shells (Engineering) 2. Plates (Engineering) 3. Elastic plates and shells. I. Fortin, Michel.
II. Series.
TA660.55P56 1999
624.1'776—dc21 09-22844

()13

Copying and reprinting. Material in this book may be reproduced by any means for edu-
cational and scientific purposes without fee or permission with the exception of reproduction by
services that collect fees for delivery of documents and provided that the customary acknowledg-
ment of the source is given. This consent does not extend to other kinds of copying for general
distribution, for advertising or promotional purposes, or for resale. Requests for permission for
commercial use of material should be addressed to the Assistant to the Publisher, American
Mathematical Society, P. O. Box 6248, Providence, Rhode Island 02940-6248. Requests can also
be made by e-mail to reprint-permission@ams.org.

Excluded from these provisions is material in articles for which the author holds copyright. In
such cases, requests for permission to use or reprint should be addressed directly to the author(s).
(Copyright ownership is indicated in the notice in the lower right-hand corner of the first page of
each article.)

© 1999 by the American Mathematical Society. All rights reserved.
The American Mathematical Society retains all rights
except those granted to the United States Government.
Printed in the United States of America.

The paper used in this book is acid-free and falls within the guidelines
established to ensure permanence and durability.
This volume was typeset using ApMS-TEX,
the American Mathematical Society’s TEX macro system,
and submitted to the American Mathematical Society in camera ready
form by the Centre de Recherches Mathématiques.
Visit the AMS home page at URL: http://www.ams.org/

10987654321 04 03 02 01 00 99



Contents

Preface

Derivation and Justification of Plate Models by Variational Methods
Stephen M. Alessandrini, Douglas N. Arnold, Richard S. Falk,
and Alexandre L. Madureira

Simple Triangular Shell Elements for Large Strain Estimations of Sheet Metal
Forming Parts
Jean-Louis Batoz, Ying Qiao Guo, and Frédéric Mercier

Some Approximation Methods for Linear Thin Shell Problems
Michel Bernadou

Numerical Analysis of Piezoelectric Shells
Michel Bernadou and Christophe Haenel

Etude intrinseque d’un probleéme de coque en grandes déformations
M. Carrive and P. Le Tallec

Locking-Free Mixed Stabilized Finite Element Methods for
Bending-Dominated Shells
Dominique Chapelle and Rolf Stenberg

Un élément de coque simple a trois nceuds en grandes rotations et
élastoplasticité
F. Dammak, S. Chamlal, A. Gakwaya, and G. Dhatt

Intrinsic Nonlinear Models of Shells
Michel C. Delfour and Jiabin Zhao

Convergence of the Linear P(1,1) and P(2,1) Thin Shells to Asymptotic
Shells
Michel C. Delfour and Jean-Paul Zolésio

Two-Level Overlapping Schwarz Methods for Plate Elements on Unstruc-
tured Meshes Using Non-Matching Coarse Grids
Qingping Deng and Xiaobing Feng

Large Elasto-Plastic Deformations of Thin Shells with Application to the
Stamping of Anisotropic Sheet Metal Parts
J.-C. Gelin and L. Boubakar

vii

21

37

95

65

81

95

109

125

159

171



vi CONTENTS

Justification of Two-Dimensional Linear Shell Models by the Use of
I'-Convergence Theory
Karine Genevey

Numerical Simulation of High-Rate Stamping of Tubes and Sheets
S. F. Golovashchenko and N. M. Bessonov

An Intrinsic Form of the Stress Resultant Geometrically Exact Shell Theory
Adnan Ibrahimbegovié¢

Numerical Inf-Sup Analysis of MITC Plate Bending Elements
Alexander Iosilevich, Klaus-Jirgen Bathe, and Franco Brezzi

Optimisation des plaques et coques
E. Pagnacco and J. E. Souza de Cursi

Vibroacoustic Behavior of a Rectangular Box
M. A. Tournour and N. Atalla

Error Analysis of Mixed Finite Elements for Cylindrical Shells
Geng Yang, Michel C. Delfour, and Michel Fortin

185

199

209

225

243

255

267



Preface

The 1996 Summer Seminar of the Canadian Mathematical Society took place
in Québec city from July 22 to July 27, in the building of I'Ecole d’Architecture at
the Université Laval. The scientific committee consisted of

e Michel Fortin (chair), Département de mathématiques et de statistique,
Laval,

e Mario Fafard, Département de Génie civil, Laval,

e Michel Delfour, Centre de recherches mathématiques, Montréal.

The objective of this Seminar was to bring together both mathematicians and
engineers interested in the theory or application of plates and shells, or more gener-
ally in the modelisation of thin structures. From this it was hoped that there could
emerge a better understanding of the problem: mathematicians could become more
aware of how actual engineering applications were performed and engineers would
know better what information of theoretical results could provide.

Thin structures are met everywhere in applications. Their approximation by a
lower-dimensional model is natural and almost compulsory . It is also full of pitfalls
and some engineering catastrophes can be attributed to bad numerical schemes for
shells.

From the mathematical point of view, many studies try to make clearer the
convergence of full three-dimensional models to models of plates or shells. In par-
ticular, the underlying assumptions are made more explicit.

Numerical methods are the key to actual computations. Thin structures are
known to need special methods, often inspired by mixed finite element methods.
The goal is to avoid numerical locking while providing a good accuracy.

New applications, such as the simulation of crash in the automobile industry,
bring new challenges as models and method are stretched to their extreme limit.

All these aspects are reported in these Proceedings which give a snapshot of
the state of the art of a fast evolving subject.

Michel Fortin
Montréal, February 1999
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