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indeed applications are rarely much below the human scale and in order to be relevant

models must be constructed on a similar scale several orders of magnitude greater than

the objects  that are normally attributed to the physicist  s sphere of interest  the

mechanicist is therefore aware of the limits of these models no matter how elegant

their  mathematical  formulation  may  be  when  the  time  comes  far  experimental

validation the mechanicist has a deep concern for the microscopic phenomena at the

heart of what is being modelled exposed by the physicist s research which can today

explain a wide range of material behaviour the aim of this book is to present the

general ideas behind continuum mechanics thermoelasticity and one dimensional media

our approach to constructing mechanical models and modelling forces is based upon

the principle oi virtual work there are several advantages to thismethod to begin with

it  clearly  emphasises  the  key  role  played  by  geometrical  modelling  leading  to

mechanically consistent presentations in a systematic way in addition by requiring

rigorous thought and clear formulation of hypotheses it identifies the inductive steps

and emphasises the need for validation despite its axiomatic appearance moreover once

mastered it will serve as a productive tool in the reader s later research career this

duality is used in the chapter devoted to variational methods for the solution of

thermoelastic problems

this revised text provides a clear introduction to modern continuum mechanics aimed at

beginners in the field the concept of tensors is introduced through the idea of linear

transformation the interrelation of direct notation indicial notation of cartesian tensors

and matrix operations is clearly presented a most useful feature of the book is the

many worked examples over 100 which fully illustrate the various aspects of the

subject and both the student and lecturer will find the problems and answers over 250

of inestimable value for teaching and self study units are given in both the si metric

and imperial systems where appropriate

this book presents an introduction to the classical theories of continuum mechanics in

particular to the theories of ideal compressible and viscous fluids and to the linear and

nonlinear theories of elasticity these theories are important not only because they are

applicable to a majority of the problems in continuum mechanics arising in practice but

because they form a solid base upon which one can readily construct more complex

theories of material behavior further although attention is limited to the classical

theories the treatment is modern with a major emphasis on foundations and structure

this classic work gives an excellent overview of the subject with an emphasis on clarity

explanation and motivation extensive exercises and a valuable section containing hints
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and answers make this an excellent text for both classroom use and independent study

this textbook on continuum mechanics reflects the modern view that scientists and

engineers should be trained to think and work in multidisciplinary environments a

course  on continuum mechanics  introduces  the basic  principles  of  mechanics  and

prepares students for advanced courses in traditional and emerging fields such as

biomechanics and nanomechanics this text introduces the main concepts of continuum

mechanics  simply  with  rich  supporting  examples  but  does  not  compromise

mathematically in providing the invariant form as well as component form of the basic

equations and their applications to problems in elasticity fluid mechanics and heat

transfer the book is ideal for advanced undergraduate and beginning graduate students

the book features derivations of the basic equations of mechanics in invariant vector

and tensor form and specializations of the governing equations to various coordinate

systems numerous illustrative examples chapter end summaries and exercise problems to

test and extend the understanding of concepts presented

many textbooks on continuum mechanics plunge students in at the deep end of three

dimensional  analysis  and applications however a striking number of  commonplace

models of our physical environment are based entirely within the dynamics of a one

dimensional continuum this introductory text therefore approaches the subject entirely

within such a one dimensional framework the principles of the mathematical modeling

of one dimensional media constitute the book s backbone these concepts are elucidated

with a diverse selection of applications ranging from tidal dynamics and dispersion in

channels to beam bending algal blooms blood flow and the greenhouse effect the book

is  ideally  suited  to  elementary  undergraduate  courses  as  it  makes  no  use  of

multivariable calculus a number of graded problems are included at the end of each

section

this book provides a brief introduction to rational continuum mechanics in a form

suitable for students of engineering mathematics and science the presentation is tightly

focused on the simplest case of the classical mechanics of nonpolar materials leaving

aside the effects of internal structure temperature and electromagnetism and excluding

other mathematical  models such as statistical  mechanics relativistic mechanics and

quantum mechanics within the limitations of the simplest mechanical theory the author

had provided a text that is largely self contained though the book is primarily an

introduction to continuum mechanics the lure and attraction inherent in the subject

may also recommend the book as a vehicle by which the student can obtain a broader

appreciation  of  certain  important  methods  and results  from classical  and modern
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analysis

undergraduate  text  offers  an  analysis  of  deformation  and  stress  covers  laws  of

conservation of mass momentum and energy and surveys the formulation of mechanical

constitutive equations 1992 edition

this  textbook treats solids and fluids in a balanced manner using thermodynamic

restrictions on the relation between applied forces and material responses this unified

approach can be appreciated by engineers physicists and applied mathematicians with

some background in engineering mechanics it  has many examples and about 150

exercises  for  students  to  practise  the  higher  mathematics  needed for  a  complete

understanding is provided in the early chapters this subject is essential for engineers

involved in experimental or numerical modelling of material behaviour

this  textbook treats solids and fluids in a balanced manner using thermodynamic

restrictions on the relation between applied forces and material responses this unified

approach can be appreciated by engineers physicists and applied mathematicians with

some background in engineering mechanics it  has many examples and about 150

exercises  for  students  to  practice  the  higher  mathematics  needed for  a  complete

understanding is provided in the early chapters this subject is essential for engineers

involved in experimental or numerical modeling of material behavior

continuum mechanics is the basis for static and dynamic analysis of two dimensional

structures and three dimensional continua continuum mechanics is crucial because it

provides  a  mathematical  framework  to  understand  and  predict  the  behavior  of

deformable bodies solids and fluids by treating matter as a continuous medium enabling

analysis of stress strain and motion on a macroscopic scale this book begins with a

brief introduction to the concept of continuum environments in an easy to understand

language then mathematic relations and formulas which are required for describing the

main concepts are presented the next chapters are dedicated to the topics of stress

strain the continuum mechanics laws elasticity and viscoelasticity the definitions and

concepts are explained and the governing laws are expressed mathematically complex

mathematical formulations are presented in a way that allows students to understand

the concepts the book includes many examples to make it easier for students to learn

and understand these topics  in the final  chapter  some applications  of  continuum

mechanics in the real world are mentioned

this new edition provides a complete concise and accessible introduction to advanced
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engineering mechanics it  explores the basic concepts  behind continuum mechanics

linear and nonlinear elasticity and viscoelasticity and demonstrates their application in

engineering practice

most  books on continuum mechanics  focus on elasticity  and fluid mechanics  but

whether student or practicing professional modern engineers need a more thorough

treatment to understand the behavior of the complex materials and systems in use

today continuum mechanics elasticity plasticity viscoelasticity offers a complete tour of

the subject  that  includes not  only elasticity  and fluid mechanics  but  also covers

plasticity viscoelasticity and the continuum model for fatigue and fracture mechanics in

addition  to  a  broader  scope  this  book  also  supplies  a  review of  the  necessary

mathematical tools and results for a self contained treatment the author provides finite

element formulations of the equations encountered throughout the chapters and uses an

approach  with  just  the  right  amount  of  mathematical  rigor  without  being  too

theoretical for practical use working systematically from the continuum model for the

thermomechanics of materials coverage moves through linear and nonlinear elasticity

using  both  tensor  and  matrix  notation  plasticity  viscoelasticity  and  concludes  by

introducing the fundamentals of fracture mechanics and fatigue of metals requisite

mathematical tools appear in the final chapter for easy reference continuum mechanics

elasticity  plasticity  viscoelasticity  builds  a  strong  understanding  of  the  principles

equations and finite element formulations needed to solve real engineering problems

this textbook is intended to introduce engineering graduate students to the essentials of

modern continuum mechanics the objective of an introductory course is to establish

certain classical continuum models within a modern framework engineering students

need a firm understanding of classical models such as linear viscous fluids navier stokes

theory and infinitesimal elasticity this understanding should include an appreciation for

the status of the classical models as special cases of general nonlinear continuum

models the relationship of the classical models to nonlinear models is essential in light

of the increasing reliance by engineering designers and researchers on prepackaged

computer codes these codes are based upon models which have a specific and limited

range of validity given the danger associated with the use of these computer codes in

circumstances where the model is not valid engineers have a need for an in depth

understanding of continuum mechanics and the continuum models which can be formu

lated by use of continuum mechanics techniques classical continuum models and others

involve a utilization of the balance equations of continuum mechanics the second law

of thermo dynamics and the principles of material frame indifference and material
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symmetry in addition they involve linearizations of various types in this text an effort

is made to explain carefully how the governing principles linearizations and other

approximations  combine  to  yield  classical  con  tinuum  models  a  fundamental

understanding of how these models evolve is most helpful when one attempts to study

models which account for a wider array of physical phenomena

this book covers the fundamental aspects of continuum mechanics tensor methods

kinematics of deformation and motion forces and balance laws and includes a modern

account of essential aspects of constitutive theory such as frame invariance material

symmetry constraints and restrictions imposed by thermodynamics recent significant

advances in the subject have been incorporated in a pedagogically useful format to

facilitate independent study as well as access to research literature an extensive range

of problems are incorporated together with detailed solutions to reinforce concepts

introduced in the text help develop the reader s intuition and promote engagement

with  the  material  intended  for  final  year  undergraduate  and  beginning  graduate

students of engineering and physics this book provides a concise rigorous and accessible

introduction to continuum mechanics it will also serve as a reference for researchers

instructors and practitioners

the aim of the book is the presentation of the fundamental mathematical and physical

concepts of continuum mechanics of solids in a unified description so as to bring young

researchers  rapidly  close  to  their  research area  accordingly  emphasis  is  given to

concepts  of  permanent  interest  and details  of  minor  importance  are  omitted  the

formulation is achieved systematically in absolute tensor notation which is almost

exclusively used in modern literature this mathematical tool is presented such that

study of the book is possible without permanent reference to other works

the main objective of continuum mechanics is to predict the response of a body that is

under the action of external and or internal influences i e to capture and describe

different mechanisms associated with the motion of a body that is under the action of

loading a body in continuum mechanics  is  considered to be matter  continuously

distributed in space hence no attention is given to the microscopic atomic structure of

real materials although non classical generalized theories of continuum mechanics are

able to deal with the mesoscopic structure of matter i e defects cracks dispersive

lengths matter occupies space in time and the response of a body in continuum

mechanics is restricted to the newtonian space time of classical mechanics in this

volume einstein s theory of relativity is not considered in the classical sense loading is

considered as any action that changes the motion of the body this includes for instance
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a  change  in  temperature  or  a  force  applied  by  introducing  the  concept  of

configurational forces a load may also be considered as a force that drives a change in

the material space for example the opening of a crack continuum mechanics refers to

field  descriptions  of  phenomena  that  are  usually  modeled  by  partial  differential

equations and from a mathematical point of view require non standard knowledge of

non simple technicalities one purpose in this volume has been to present the different

subjects in a self contained way for a general audience the organization of the volume

is as follows mathematically to predict the response of a body it is necessary to

formulate boundary value problems governed by balance laws the theme of the volume

that is an overview of the subject has been written with this idea in mind for

beginners in the topic chapter 1 is an introduction to continuum mechanics based on a

one dimensional framework in which simultaneously a more detailed organization of

the  chapters  of  this  volume is  given  a  one  dimensional  approach to  continuum

mechanics  in  some aspects  maybe  misleading  since  the  analysis  is  oversimplified

nevertheless it allows us to introduce the subject through the early basic steps of the

continuum analysis for a general audience chapters 3 4 and 5 are devoted to the

mathematical  setting  of  continuum  analysis  kinematics  balance  laws  and

thermodynamics respectively chapters 6 and 7 are devoted to constitutive equations

chapters 8 and 9 deal with different issues in the context of linear elastostatics and

linear elastodynamics and waves respectively for solids linear elasticity is a classical

and central theory of continuum mechanics chapter 10 deals with fluids while chapter

11 analyzes the coupled theory of thermoelasticity chapter 12 deals with nonlinear

elasticity and its role in the continuum framework chapters 13 and 14 are dedicated to

different applications of solid and fluid mechanics respectively the rest of the chapters

involve some advanced topics chapter 15 is dedicated to turbulence one of the main

challenges in fluid mechanics chapter 16 deals with electro magneto active materials a

coupled theory chapter 17 deals with specific ideas of soft matter and chapter 18 deals

with configurational forces in chapter 19 constitutive equations are introduced in a

general implicit form well posedness existence time of existence uniqueness continuity

of the equations of the mechanics of continua is an important topic which involves

sophisticated mathematical machinery chapter 20 presents different analyses related to

these  topics  continuum mechanics  is  an  interdisciplinary  subject  that  attracts  the

attention  of  engineers  mathematicians  physicists  etc  working  in  many  different

disciplines from a purely scientific environment to industrial applications including

biology materials science engineering and many other subjects

this book presents an introduction into the entire science of continuum mechanics in
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three parts the presentation is modern and comprehensive its introduction into tensors

is very gentle the book contains many examples and exercises and is intended for

scientists practitioners and students of mechanics
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