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Introduction

Solid mechanics is the branch of physics that deals with 

the  behavior  of  solid  materials  under  the  action  of 

forces. It is a fundamental subject in engineering, as it 

provides  the  basis  for  understanding  the  structural 

behavior of materials and structures.

This  book  provides  a  comprehensive  introduction  to 

solid mechanics, covering a wide range of topics from 

basic concepts to advanced theories. It is written in a 

clear and concise style, with a focus on both theoretical 

principles  and  practical  applications.  The  book  is 

suitable  for  undergraduate  and graduate  students  in 

engineering, as well as practicing engineers who need 

to understand the mechanical behavior of materials.
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The book begins with an overview of the basic concepts 

of  solid  mechanics,  including  stress,  strain,  and 

constitutive  laws.  It  then  covers  the  fundamental 

theories  of  elasticity,  plasticity,  and  viscoelasticity. 

These  theories  are  used  to  analyze  the  behavior  of 

materials  under  various  loading  conditions,  such  as 

tension, compression, bending, and torsion.

The  book  also  covers  more  advanced  topics  in  solid 

mechanics, such as fracture mechanics, computational 

solid  mechanics,  and  structural  mechanics.  These 

topics are essential for understanding the behavior of 

materials  in  complex  structures,  such  as  aircraft, 

bridges, and buildings.

Finally, the book includes a number of case studies that 

illustrate the application of solid mechanics principles 

to real-world problems. These case studies cover a wide 

range of topics, from the analysis of aircraft structures 

to the design of biomedical devices.
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This  book  is  an  essential  resource  for  anyone  who 

wants  to  understand  the  mechanical  behavior  of 

materials and structures. It provides a comprehensive 

overview  of  the  fundamental  theories  of  solid 

mechanics,  as  well  as  practical  applications  of  these 

theories to real-world problems.
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Book Description

This  book  provides  a  comprehensive  introduction  to 

solid mechanics, covering a wide range of topics from 

basic concepts to advanced theories. It is written in a 

clear and concise style, with a focus on both theoretical 

principles  and  practical  applications.  The  book  is 

suitable  for  undergraduate  and graduate  students  in 

engineering, as well as practicing engineers who need 

to understand the mechanical behavior of materials.

The book begins with an overview of the basic concepts 

of  solid  mechanics,  including  stress,  strain,  and 

constitutive  laws.  It  then  covers  the  fundamental 

theories  of  elasticity,  plasticity,  and  viscoelasticity. 

These  theories  are  used  to  analyze  the  behavior  of 

materials  under  various  loading  conditions,  such  as 

tension, compression, bending, and torsion.

The  book  also  covers  more  advanced  topics  in  solid 

mechanics, such as fracture mechanics, computational 
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solid  mechanics,  and  structural  mechanics.  These 

topics are essential for understanding the behavior of 

materials  in  complex  structures,  such  as  aircraft, 

bridges, and buildings.

Finally, the book includes a number of case studies that 

illustrate the application of solid mechanics principles 

to real-world problems. These case studies cover a wide 

range of topics, from the analysis of aircraft structures 

to the design of biomedical devices.

With  its  comprehensive  coverage  of  both  theoretical 

principles  and practical  applications,  this  book is  an 

essential resource for anyone who wants to understand 

the mechanical behavior of materials and structures. It 

is  also  a  valuable  reference  for  practicing  engineers 

who need to solve real-world problems involving solid 

mechanics.

This book is written by an experienced team of authors 

who are experts in the field of solid mechanics. They 

have a passion for teaching and a deep understanding 
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of the subject matter.  This book is the result of their 

many years of experience in teaching and research.
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Chapter  1:  Foundations  of  Solid 

Mechanics

Basic Concepts of Solid Mechanics

Solid mechanics is the branch of physics that deals with 

the  behavior  of  solid  materials  under  the  action  of 

forces. It is a fundamental subject in engineering, as it 

provides  the  basis  for  understanding  the  structural 

behavior of materials and structures.

The basic  concepts of  solid mechanics include stress, 

strain, and constitutive laws. Stress is a measure of the 

internal forces that neighboring particles of a material 

exert  on  each  other.  Strain  is  a  measure  of  the 

deformation  of  a  material.  Constitutive  laws  relate 

stress and strain.

There are three main types of constitutive laws:

 Linear  elastic: This  law  states  that  stress  is 

proportional to strain.
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 Plastic: This  law  states  that  stress  is  not 

proportional to strain.

 Viscoelastic: This  law  states  that  stress  is  a 

function of both strain and strain rate.

The type of constitutive law that is used to describe the 

behavior  of  a  material  depends  on  the  material's 

properties and the loading conditions.

In addition to stress, strain, and constitutive laws, the 

basic  concepts  of  solid  mechanics  also  include 

equilibrium  equations  and  boundary  conditions. 

Equilibrium equations are equations that describe the 

balance  of  forces  on  a  material  body.  Boundary 

conditions are conditions that must be satisfied at the 

boundaries of a material body.

These  basic  concepts  are  the  foundation  of  solid 

mechanics.  They are used to analyze the behavior of 

materials  under  various  loading  conditions  and  to 

design structures that are safe and efficient.
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Chapter  1:  Foundations  of  Solid 

Mechanics

Stress and Strain

Stress is a physical quantity that describes the internal 

forces  that  neighboring  particles  of  a  continuous 

material exert on each other. It is defined as force per 

unit area, and its SI unit is the pascal (Pa).

Strain  is  a  physical  quantity  that  describes  the 

deformation of a material. It is defined as the ratio of 

the change in length to the original length, and it is a 

dimensionless quantity.

Stress and strain are related to each other through the 

material's  constitutive  law.  The  constitutive  law  is  a 

mathematical equation that describes the relationship 

between stress and strain for a given material.

There  are  many  different  types  of  stress  and  strain, 

depending  on the  type  of  loading  and the  material's 
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properties.  Some of the most common types of stress 

and strain include:

 Tensile  stress: This  is  a  type  of  stress  that  is 

caused by a force that is applied to a material in 

the direction of its length. It causes the material 

to stretch.

 Compressive stress: This is a type of stress that 

is caused by a force that is applied to a material 

in the direction opposite to its length. It causes 

the material to compress.

 Shear  stress: This  is  a  type  of  stress  that  is 

caused by a force that is applied to a material in 

a direction that is parallel to its surface. It causes 

the material to slide.

 Normal  strain: This  is  a  type  of  strain  that  is 

caused by a force that is applied to a material in 

the direction of its  length.  It  is  the ratio of the 

change in length to the original length.
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 Shear  strain: This  is  a  type  of  strain  that  is 

caused by a force that is applied to a material in 

a direction that is parallel to its surface. It is the 

ratio of the change in angle to the original angle.

Stress  and  strain  are  important  concepts  in  solid 

mechanics because they allow us to understand how 

materials  deform  under  load.  This  information  is 

essential  for  designing  structures  that  are  safe  and 

efficient.
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Chapter  1:  Foundations  of  Solid 

Mechanics

Constitutive Laws

Constitutive  laws  are  mathematical  equations  that 

describe the relationship between stress and strain in a 

material. They are essential for predicting the behavior 

of materials under load and are used in a wide range of 

engineering applications, such as the design of bridges, 

buildings, and aircraft.

There  are  many  different  types  of  constitutive  laws, 

each  of  which  is  suitable  for  a  particular  class  of 

materials.  For  example,  linear  elastic  materials  obey 

Hooke's law, which states that stress is proportional to 

strain.  Plastic materials,  on the other hand, exhibit  a 

nonlinear relationship between stress and strain, and 

their behavior is often described by the von Mises yield 

criterion.
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The choice of  constitutive law is  critical  for accurate 

analysis  of  solid  mechanics  problems.  If  an 

inappropriate constitutive law is used, the results of the 

analysis may be inaccurate or even misleading.

Elasticity

Elastic materials are those that return to their original 

shape after being deformed. The constitutive law for an 

elastic material is Hooke's law, which states that stress 

is proportional to strain. The proportionality constant 

is known as the Young's modulus, which is a measure 

of the material's stiffness.

Plasticity

Plastic materials are those that do not return to their 

original shape after being deformed. The constitutive 

law  for  a  plastic  material  is  typically  a  nonlinear 

function  of  stress  and  strain.  The  most  common 

plasticity model is the von Mises yield criterion, which 
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states that yielding occurs when the von Mises stress 

reaches a critical value.

Viscoelasticity

Viscoelastic materials exhibit a combination of elastic 

and  viscous  behavior.  The  constitutive  law  for  a 

viscoelastic material is typically a differential equation 

that  relates  stress,  strain,  and  time.  Viscoelastic 

materials  are  often  used  to  model  the  behavior  of 

materials such as rubber and concrete.

Other Constitutive Laws

There are many other types of  constitutive laws that 

can  be  used  to  describe  the  behavior  of  materials. 

These  include  laws  for  materials  that  exhibit  creep, 

fatigue,  and  damage.  The  choice  of  constitutive  law 

depends on the specific material  and the application 

for which it is being used.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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