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Preface

Itis thirty-eight years since the The Finite Element Method in Structural and Continuum
Mechanics was first published. This book,which was the first dealing with the finite
element method, provided the basis from which many further developments occurred.
The expanding research and field of application of finite elements led to the second
edition in 1971, the third in 1977, the fourth as two volumes in 1989 and 1991 and the
fifth as three volumes in 2000. The size of each of these editions expanded geometrically
(from 272 pages in 1967 to the fifth edition of 1482 pages). This was necessary to do
justice to a rapidly expanding field of professional application and research. Even so,
much filtering of the contents was necessary to keep these editions within reasonable
bounds.

In the present edition we retain the three volume format of the fifth edition but have
decided not to pursue having three contiguous volumes — rather we treat the whole work
as an assembly of three separate works. Each one is capable of being used without
the others and each one appeals perhaps to a different audience. Though naturally we
recommend the use of the whole ensemble to people wishing to devote much of their
time and study to the finite element method.

The first volume is renamed The Finite Element Method: Its Basis and Fundamen-
tals. This volume covers the topic starting from a physical approach to solve problems
in linear elasticity. The volume then presents a mathematical framework from which
general problems may be formulated and solved using variational and Galerkin meth-
ods. The general topic of shape functions is also presented for situations in which
the approximating functions are C° continuous. The two- and three-dimensional prob-
lems of linear elasticity are then presented in a unified manner using higher order shape
functions. This is followed by consideration of quasi-harmonic problems governed by
Laplace and Poisson differential equations. The patch test is introduced and used as a
means to guarantee convergence of the method. We also cover in some depth solution
forms using mixed methods with special consideration given to problems in which
incompressibility can occur. The solution of transient problems is presented using
semi-discrete formulations and finite element in time concepts. The volume concludes
with a presentation of coupled problems.

In this volume we consider more advanced problems in solid and structural mechanics
while in a third volume we consider applications in fluid dynamics. It is our intent that
the present volume can be used by investigators familiar with the finite element method
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at the level presented in the first volume or any other basic textbook on the subject.
However, the volume has been prepared such that it can stand alone. The volume has
been reorganized from the previous edition to cover consecutively two main subject
areas. In the first part we consider non-linear problems in solid mechanics and in the
second part linear and non-linear problems in structural mechanics.

In Chapters 1 to 9 we consider non-linear problems in solid mechanics. In these
chapters the special problems of solving non-linear equation systems are addressed. We
begin by restricting our attention to non-linear behaviour of materials while retaining
the assumptions on small strain. This serves as a bridge to more advanced studies later
in which geometric effects form large displacements and deformations are presented.
Indeed, non-linear applications are of great importance today and of practical interest
in most areas of engineering and physics. By starting our study first using a small strain
approach we believe the reader can more easily comprehend the various aspects which
need to be understood to master the subject matter. We cover in some detail formulations
of material models for viscoelasticity, plasticity and viscoplasticity which should serve
as a basis for applications to other material models. In our study of finite deformation
problems we present a series of approaches which may be used to solve problems
including extensions for treatment of constraints such as near incompressibility, rigid
and multi-body motions and discrete element forms. The chapter on discrete element
methods was prepared by Professor Nenad Bi€ani¢ of the University of Glasgow, UK.

In the second part of the volume we consider problems in structural mechanics. In
this class of applications the dimension of the problem is reduced using basic kinematic
assumptions. We begin the presentation in a new chapter that considers rod problems
where two of the dimensions of the structure are small compared to the third. This class
of problems is a combination of beam bending, axial extension and torsion. Again we
begin from a small strain assumption and introduce alternative forms of approximation
for the Euler-Bernoulli and the Timoshenko theory. In the former theory it is necessary
now to use C! interpolation (i.e. continuous displacement and slope) to model the
bending behaviour, whereas in the latter theory use of C? interpolation is permitted
when special means are included to avoid ‘locking’ in the transverse shear response.
Based upon the study of rods we then present a detailed study of problems in which only
one dimension is small compared to the other two. Building on the results from rods we
present a coverage for thin plates (Kirchhoff theory), thick plates (Reissner-Mindlin
theory) and their corresponding forms for shells. We then consider the problem of large
strains and present forms for buckling and large displacements.

The volume includes a new chapter on multi-scale effects. This is a recent area of
much research and the chapter presents a summary of some notable recent results. We
are indebted to Professor Bernardo Schrefler of the University of Padova, Italy, for
preparing this timely contribution.

The volume concludes with a short chapter on computational methods that describes
a companion computer program that can be used to solve several of the problem classes
described in this volume.

We emphasize here the fact that all three of our volumes stress the importance of
considering the finite element method as a unique and whole basis of approach and
that it contains many of the other numerical analysis methods as special cases. Thus,
imagination and knowledge should be combined by the readers in their endeavours.
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The authors are particularly indebted to the International Centre of Numerical Meth-
ods in Engineering (CIMNE) in Barcelona who have allowed their pre- and post-
processing code (GiD) to be accessed from the web site. This allows such difficult
tasks as mesh generation and graphic output to be dealt with efficiently. The authors
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Resources to accompany this book

Complete source code and user manual for program FEAPpv may be obtained at no
cost from the publisher’s web page: http://books.elsevier.com/companions/ or from
the author’s web page: http://www.ce.berkeley.edu/~rlt
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(a) Geometrical modet of an arch dam

(b) Finite elemment discretization of an arch dam including the foundation

Plate 1 Three dimensional non-linear analysis of a dam

Courtesy of Prof. Miguel Cervera, CIMNE, Barceiona. Source: B. Suarez, M. Cervera and J. Miguel Canet, ‘Safety
assessment of the Suarna arch dam using non-linear damage model', Proc. Int. Sym. New Trends and Guidelines on
Darn Safety, Barcelona, Spain, 1998, L. Berga (ed.) Balakema, Rotterdam.



{a) Stamping die for an

{b) Die (black) and sheet (green)
discretization into 23522 rotation
free BST shell tiangles

{c) Thickness ratio contours of the
sheet at 17mm punch travel

Plate 2 Non-linear metal forming analysis of a car door

Courtesy of Prof. E. Onate, CIMNE and DECAD S A Barcelona. Source: E. Ofate, F. Zarate, J. Rojek, G. Duffet,

L. Neamtui, ‘Adventures in rotation free elemenis for sheet stamping analysis’. 4th Int. Cont. Workshop on Numerical
Simulation of 3D Sheet Forming Processess (NUMISHEET' 99, Besancon, France, Sept 13-17, 1999)
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Plate 2 continued Non-linear metal forming analysis of a car door



Plate 3 Car crash analysis

Frontal crash of a Neon Car performed using LS-DYNA. Courtesy of Livermare Software Technology Corporation.

Model developed by FHWA/NHTSA National Crash Analysis Center of the George Washington University
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