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INTRODUCTION: UNLOCKING THE LANGUAGE OF
DEFORMATION AND FLOW

Imagine  a  bridge  swaying  under  the  weight  of  traffic,  blood
pulsing through an artery, or the flow of air over an airplane wing.
These  phenomena,  though  vastly  different  in  scale  and
substance, share a common mathematical language: continuum
mechanics. For generations of engineers and physicists, the first
real encounter with this powerful framework comes through a
classic text: Introduction to Continuum Mechanics by W. Michael
Lai, David Rubin, and Erhard Krempl. Often simply referred to as
“Lai’s Continuum Mechanics,” this book has served as a rigorous
yet  accessible  gateway  to  the  field.  This  article  provides  a
comprehensive introduction to continuum mechanics through the
lens  of  this  foundational  textbook,  exploring  its  content,
significance,  and  enduring  relevance.
Continuum  mechanics  is  the  branch  of  physics  that  models
matter as a continuous mass rather than discrete particles. This
idealization allows us to describe how solids deform under load
and  how  fluids  flow,  using  powerful  mathematical  tools  such  as

tensors and differential equations. The objective of this article is
to give you a thorough understanding of what Introduction to
Continuum Mechanics  (by  Lai,  Rubin,  and  Krempl)  offers,  why  it
remains a staple in graduate-level engineering curricula, and how
it  equips  students  to  tackle  real-world  problems in  structural
analysis, fluid dynamics, biomechanics, and materials science.

WHAT IS CONTINUUM MECHANICS? A FOUNDATIONAL
OVERVIEW

Before diving into the specifics of Lai’s textbook, it is essential to
grasp  the  core  philosophy  of  continuum  mechanics.  The
continuum hypothesis assumes that the material filling a body is
distributed continuously throughout its volume, with properties
such as density, stress, and velocity varying smoothly from point
to point. This assumption breaks down at the atomic scale, but at
macroscopic scales it provides an extraordinarily accurate and
computable model.

Key Concepts in Continuum
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Mechanics
The subject rests on several pillars that are thoroughly developed
in Lai’s text:

Kinematics of Deformation: How bodies move, stretch,
and rotate. This includes the deformation gradient, strain
tensors (e.g., Green-Lagrange strain, infinitesimal strain),
and the concepts of displacement and velocity fields.
Stress: The Concept of Internal Forces: Stress is the
measure of internal force per unit area. Cauchy’s stress
principle and the stress tensor are central. Understanding
how stress varies within a body is crucial for failure
analysis.
Conservation Laws: These are the fundamental building
blocks: conservation of mass (continuity equation),
conservation of linear and angular momentum (which lead
to the equations of motion), and conservation of energy
(the first law of thermodynamics).
Constitutive Equations: These relate stress to
deformation (or rate of deformation) and are unique to
each material. For example, Hooke’s law for linear elastic
solids, Newton’s law of viscosity for fluids, and more
complex models for plasticity or viscoelasticity.

Lai’s book systematically builds from these fundamentals, using
rigorous  mathematical  derivations  while  always  keeping  the
physical interpretation in sight.

DEEP DIVE INTO “INTRODUCTION TO CONTINUUM
MECHANICS” BY LAI, RUBIN, AND KREMPL

First published in 1974 and now in its fourth edition (2010), this
textbook  has  become  a  definitive  resource.  Its  authors—Lai  (a
mechanical  engineer),  Rubin  (a  physicist),  and  Krempl  (a
materials scientist)—bring a unique interdisciplinary perspective.
The book is designed primarily for first-year graduate students in
engineering,  but  it  is  also  widely  used  by  advanced
undergraduates  and  researchers  seeking  a  solid  theoretical
foundation.

Structure and Organization
of the Text
The  book  is  divided  into  chapters  that  progress  from
mathematical preliminaries to advanced topics. A typical chapter
sequence includes:

Vectors and Tensors: A comprehensive review of1.
Cartesian tensor algebra and calculus, including index
notation, transformation laws, and integral theorems. This
chapter is crucial because tensor notation is the language
of continuum mechanics.
Kinematics of a Continuum: Derivation of the2.
deformation gradient, strain measures, and the concept of
motion. Emphasis is placed on both finite and infinitesimal
deformations.
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Stress: Definition of the stress vector, stress tensor,3.
principal stresses, and equations of equilibrium. The
chapter also covers stress in rotating bodies and other
practical applications.
Fundamental Laws of Continuum Mechanics:4.
Conservation of mass, momentum, and energy are derived
in integral and differential forms. The second law of
thermodynamics (Clausius-Duhem inequality) is introduced.
Linear Elasticity: Hooke’s law for isotropic and anisotropic5.
materials. Solutions to simple problems (e.g., torsion,
bending) illustrate the theory. The chapter also covers
thermoelasticity.
Newtonian Fluids: Navier-Stokes equations derived from6.
the stress-rate-of-strain constitutive relation. Applications
include Poiseuille flow, Couette flow, and lubrication theory.
Finite Deformation and Nonlinear Elasticity: More7.
advanced material for those who need to go beyond small
strains, including hyperelastic material models (e.g.,
Mooney-Rivlin).
Viscoelasticity and Plasticity: Introduction to time-8.
dependent and permanent deformation behaviors, using
simple models such as Maxwell and Kelvin-Voigt solids.

Why This Book Stands Out
Several features make Introduction to Continuum Mechanics by
Lai a preferred choice for instructors and self-learners:

Mathematical Rigor Without Overwhelming

Abstraction: The authors assume a background in
calculus and ordinary differential equations, but they
introduce tensor analysis step-by-step. The book does not
shy away from proofs, but each derivation is motivated by
a physical question.
Extensive Problem Sets: Each chapter concludes with
numerous problems that range from straightforward
calculations to challenging applications. Solutions to
selected problems are often available, making it suitable
for independent study.
Clear Notation and Consistent Sign Conventions:
Confusing sign conventions are a common frustration in
continuum mechanics. Lai’s text uses consistent definitions
(e.g., stress positive in tension, strain positive in extension)
that align with modern engineering practice.
Balance Between Solids and Fluids: Many introductory
books focus heavily on either elasticity or fluid mechanics.
Lai’s book provides a balanced treatment, making it ideal
for students who need both—such as those in biomedical
engineering or geomechanics.

Who Should Use This Book?
This textbook is best suited for graduate students in mechanical,
civil, aerospace, and biomedical engineering, as well as in applied
physics  and materials  science.  It  presumes prior  exposure  to
strength of materials or basic fluid mechanics, but it can be used
as a first course if the instructor provides supplementary material
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on  vector  calculus.  Researchers  who  want  a  self-contained
reference on the fundamentals will also find it invaluable.

KEY TOPICS EXPLORED IN DEPTH

Let us examine a few of the pivotal topics from the book in more
detail, as they illustrate the power of continuum mechanics.

Tensors: The Mathematical
Backbone
Early in the text, Lai introduces the concept of a tensor as a linear
transformation that maps vectors to vectors. The book carefully
explains the difference between scalars (rank 0), vectors (rank 1),
and second-order tensors (rank 2), such as the stress and strain
tensors. Using index notation (Einstein summation convention),
the  reader  learns  to  manipulate  tensor  components  efficiently.
This tool is then used to prove crucial theorems like the stress
transformation law and the principle of material objectivity.

The Deformation Gradient
and Strain Measures
A highlight of the kinematics chapter is the detailed derivation of
the deformation gradient F. The text shows how F encapsulates
both stretch and rotation, and how it leads to the right Cauchy-
Green tensor C = FTF and the Green-Lagrange strain tensor E =

½(C – I). For small deformations, the infinitesimal strain tensor ε
is  introduced,  and  the  reader  sees  how  engineering  strain
components are recovered. The book also covers the physical
interpretation of normal and shear strains.

Balance Laws and Their
Applications
The derivation of the equations of motion from the principle of
linear momentum is a tour de force. The authors start with the
integral form (i.e., the rate of change of momentum equals the
sum of forces) and use the divergence theorem to obtain the
differential (local) form: ρ a = div σ + ρ b, where ρ is density, a
is acceleration, σ is Cauchy stress, and b is body force per unit
mass. For static equilibrium, this reduces to div σ + ρ b = 0.
These equations are the foundation for stress analysis in solids
and for the Navier-Stokes equations in fluids.

Constitutive Modeling:
From Hooke to Newton
Perhaps the most practically important part of the book is its
treatment of constitutive equations. For linear elastic solids, the
generalized Hooke’s law is written as σij = Cijkl εkl, where Cijkl is the
fourth-order  stiffness  tensor.  The  text  reduces  this  for  isotropic
materials  to  the  familiar  form  involving  Young’s  modulus,
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Poisson’s  ratio,  and  shear  modulus.  For  Newtonian  fluids,  the
stress is linear in the rate of deformation tensor D, leading to σ =
-pI + 2μ D, where p is pressure and μ is viscosity. The book then
uses  these  relations  to  solve  classic  problems  such  as  the
extension  of  a  bar,  torsion  of  a  circular  shaft,  and  steady  flow
between  parallel  plates.

REAL-WORLD APPLICATIONS AND MODERN
RELEVANCE

The  principles  taught  in  Lai’s  continuum  mechanics  are  not
merely  academic;  they  are  directly  applied  in  countless
engineering  fields:

Finite Element Analysis (FEA): Every commercial FEA
software (e.g., ANSYS, Abaqus) relies on the continuum
equations for stress and strain. Understanding the
underlying theory enables engineers to set up simulations
correctly and interpret results.
Biomechanics: The mechanical behavior of soft tissues
(arteries, skin, cartilage) is modeled using continuum
mechanics, often with hyperelastic or viscoelastic
constitutive laws that build on the foundations in Lai’s text.
Geophysics and Geomechanics: Earthquakes, glacier
flow, and soil consolidation all involve continuum

mechanics. The stress tensor is essential for understanding
fault slip and soil bearing capacity.
Materials Science: Developing new materials with
tailored stiffness, strength, or damping properties requires
a deep grasp of how microstructure relates to macroscopic
constitutive behavior.

TIPS FOR MASTERING CONTINUUM MECHANICS WITH
LAI’S BOOK

Studying this subject can be challenging, but the rewards are
immense. Here are some strategies:

Master Tensor Notation Early: Spend time on the first1.
chapter until you are comfortable with index notation and
summation conventions. It will pay off in every subsequent
chapter.
Work Problems Systematically: Do not just read the2.
derivations; work through the example problems and at
least a third of the end-of-chapter exercises. Many
concepts become clear only when applied.
Visualize Deformations: Draw diagrams of deformed3.
bodies, stress cubes, and Mohr’s circles. Spatial intuition is
critical.
Rel4.


