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Preface

This book is the continuation of the book Modern Computational Solid Me-
chanics * that has played a significant role in the teaching and research of graduate
level classes and thus been assessed as a high-quality tutorial material for the ad-
vanced education,

The main focus of this book is on nonlinear computational mechanics for in-
finitesimal plastic deformation and finite deformation of continua and structures,
as well as computational mechanics for nonlinear fracture mechanics, high-veloci-
ty impact of composite structures and simulation of molecular dynamics.

Nonlinearity is a main characteristic of modern science and engineering.
Nonlinear mechanics has been playing a significant role in many fields of science
and engineering. Nonlinear mechanics includes material nonlinearity, geometrical
nonlinearity and boundary nonlinearity.

Linear finite element has been a powerful tool for engineering analysis and
design since it was introduced and accepted by engineers. The development and
application of nonlinear finite element, which is numerical method for nonlinear
mechanics, has been relatively lagged behind. It should be pointed out that the
understanding of nonlinear computational mechanics is crucial for the training of
graduate students.

It is suggested that the reader of the book should have good background on
elasticity and finite element method. It is better to have had some training on fi-
nite element programming before. In order to bridge the gap between linear and
nonlinear finite element, the basic elasticity and finite element knowledge were
prepared in Chapter 0. The reader can use this chapter to refresh the memory on
those basic topics.

In order to learn nonlinear computational mechanics more effectively, we
have to understand some basic theories of nonlinear mechanics. In this book,
there are a lot of efforts to explain concepts of elasto-plastic mechanics and non-

linear continuum mechanics in order for the reader to master these basic concepts

* Qingsheng Yang. 2007. Modern computational solid mechanics[J]. Beijing:Science Press
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and theories of nonlinear mechanics. On the basis of this, the procedure of finite
element was given. There are many references relating to plasticity and continu-
um mechanics included in this book.

This book has been written primarily to meet the needs of the teaching and
research of graduate students of Engineering Mechanics, Mechanical and Civil
Engineering. On top of this, the criteria on the selection of subjects are validity,
applicability, inside logic as well as the new advances on computational mechan-
ics. In order to help the reader better understand the connection between the bas-
ic theory and practical application of nonlinear finite element method, the corre-
spondency of the equations with programming was emphasized. In other in-depth
subjects, the basic theory, finite element programming and the engineering appli-
cation were explained sequentially.

Thanks are gratefully extended to Dr. Daihua Zheng in US, who wrote
Chapter 9 on the numerical simulation of high-velocity impact of composite struc-
tures using LS-DYNA based on his many years of engineering and research expe-
rience. The manuscript has been used many times as the lecture note to the grad-
uate level classes in Beijing University of Technology. Without the help of many
graduate students here, it is impossible to have such significant improvements
over the original manuscript. Thanks are also extended to the support on the
graduate teaching project from Beijing University of Technology. All comments

are welcomed from the reader of the book.

Yang Qingsheng and
Zheng Daihua

April 20, 2009
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