
Preface

The Finite Element Method, shortly FEM, is a widely used computational
tool in structural engineering. For basic design purposes it usually suffices
to apply a linear-elastic analysis. Only for special structures and for forensic
investigations the analyst need to apply more advanced features like
plasticity and cracking to account for material nonlinearities, or nonlinear
relations between strains and displacements for geometrical nonlinearity to
account for buckling. Advanced analysis techniques may also be necessary
if we have to judge the remaining structural capacity of aging structures. In
this book we will abstain from such special cases and focus on everyday
jobs. Our goal is the worldwide everyday use of linear-elastic analysis, and
dimensioning on basis of these elastic computations. We cover steel and
concrete structures, though attention to structural concrete prevails.

Structural engineers have access to powerful FEM packages and apply them
intensively. Experience makes clear that often they do not understand the
software that they are using. This book aims to be a bridge between the
software world and structural engineering. Many problems are related to the
correct input data and the proper interpretation and handling of output. The
book is neither a text on the Finite Element Method, nor a user manual for
the software packages. Rather it aims to be a guide to understanding and
handling the results gained by such software.

We purposely restrict ourselves to structure types which frequently occur
in practise. We consider shear walls and other two-dimensional structures
loaded in their plane (membrane state), and we deal with floor and bridge
structures loaded perpendicular to their plane (bending state). The content
reflects the subject matter of continuing education courses in European coun-
tries, such as Belgium and the Netherlands.
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The book is composed of four parts. In the first one we present an
overview of the classical theory of plates in the membrane and bending
state. This is considered necessary in order to better understand instructions
to be given in later parts. For a few relevant examples which play an illus-
trative role exact solutions are presented. To some extent the presentation
for plates in the membrane state diverges from classical text books. There
all membrane problems are discussed on basis of the well-known Airy
function. This theory can be considered as an application of the force
method in which stress function is chosen as the statically dependent
quantity. However, this method is completely opposite to the current
displacement method (stiffness method) as applied in the finite element
method. We consider this an unwanted discrepancy and anachronism, and
therefore have chosen a displacement method for the membrane state as
well. The degree of difficulty does not become higher, while there is now
uniformity with the theory for the bending state. We resort to Airy’s theory
only for some well-known classical solutions. The problem of discrepancy
and anachronism does not occur for plates in bending and transverse shear,
because the relevant classical differential equations are already based on the
displacement method. For this category another aspect needs attention, more
than usually given in classical text books. Nowadays, explicit clarification is
needed on the difference between thick plates (Mindlin–Reissner) and thin
plates (Kirchhoff), because both options are offered in commercial software
and surprising choices appear to have been made as default option or are
made by users.

Before moving to the main body of the book we direct attention in Part 2
of the book to some instructive computational models of pre-FEM days.
These are re-called for both plates in membrane state and plates in bending.
It is believed that they are of great didactical value, particularly for plates in
bending.

The contents of Part 3 of the book provide the impetus for publication. We
intend to help the structural engineer in handling linear-elastic computational
results in daily practice. This part starts with an overview of the stiffness
method, as applied in commercial FEM packages. We review element types
which are relevant to the subject matter of the book, discuss input options,
and review output selection. We address the subject that results of the
calculation are highly dependent on the structural engineer who performs
the computation, and give hints how to avoid dependency on mesh fineness.
We show how FE analysis can support application of the strut-and-tie
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design model and draw attention to several surprises and pitfalls. We
are pleased with the contribution of Professor Paulo Lourenço of Minho
University in Portugal on reinforcement design of plates in membrane state,
bending-shear state or combined membrane-bending-shear state. We also
review a couple of contemporary two-way slab systems, and consider op-
tions for calculating the deflection and crack-width in the serviceability state.

The final part of the book (Part 4) is another reason for publication: it deals
with orthotropy as it occurs in bridge and floor systems. The focus for these
orthotropic properties is on calculating correct input rigidity data, and de-
termining whether computed plate moments and shear forces match code
requirements. Noticing odd outcomes we observe a definite need for clari-
fication of this subject matter. Orthotropic properties also render a service
when structural engineers want to calculate deflections and crack-widths in
the cracked serviceability state.
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