
Fundamentals  of  the  Finite  Element 

Method and Adaptive Techniques

Introduction

The  finite  element  method  (FEM)  is  a  powerful 

numerical  technique  used  to  solve  a  wide  range  of 

engineering and scientific problems. It is based on the 

idea  of  dividing  a  complex  problem  into  smaller, 

simpler subproblems that  can be solved more easily. 

This  allows  engineers  and  scientists  to  analyze  and 

design  complex  systems  without  having  to  resort  to 

expensive and time-consuming physical experiments.

The FEM has been used successfully in a wide variety 

of applications, including:

 Structural  analysis:  The  FEM  can  be  used  to 

analyze  the  behavior  of  structures  under  load, 

such as bridges, buildings, and aircraft.
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 Fluid flow: The FEM can be used to simulate the 

flow of fluids, such as water, air, and oil.

 Heat transfer: The FEM can be used to simulate 

the transfer of heat, such as in heat exchangers 

and electronic devices.

 Solid mechanics: The FEM can be used to analyze 

the behavior of  solids,  such as metals,  plastics, 

and composites.

 Multiphysics problems: The FEM can be used to 

solve  problems  that  involve  multiple  physical 

phenomena,  such  as  fluid-structure  interaction 

and thermal-structural interaction.

The FEM is a versatile and powerful tool that can be 

used to solve a wide range of problems in engineering 

and science.  It  is  an essential  tool  for  engineers  and 

scientists  who  need  to  analyze  and  design  complex 

systems.

This  book  provides  a  comprehensive  introduction  to 

the FEM. It covers the mathematical foundations of the 
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FEM, as well as the practical aspects of using the FEM 

to solve real-world problems. The book is written in a 

clear  and  concise  style,  and  it  is  suitable  for  both 

students and practitioners.

By  the  end  of  this  book,  readers  will  have  a  solid 

understanding of the FEM and will be able to use it to 

solve a variety of engineering and scientific problems.
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Book Description

Fundamentals  of  the  Finite  Element  Method  and 

Adaptive  Techniques provides  a  comprehensive 

introduction  to  the  finite  element  method  (FEM),  a 

powerful  numerical  technique  used  to  solve  a  wide 

range of engineering and scientific problems. This book 

covers  the  mathematical  foundations  of  the  FEM,  as 

well as the practical aspects of using the FEM to solve 

real-world problems.

The  book  begins  with  an  overview  of  the  FEM,  its 

applications, and its advantages and disadvantages. It 

then covers the mathematical foundations of the FEM, 

including the weak form of  the governing equations, 

the  Galerkin  method,  shape  functions,  and  the 

assembly of the finite element equations.

The  book  also  covers  error  estimation  and  adaptive 

methods, which are essential for ensuring the accuracy 

and reliability of FEM solutions. These topics include a 
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posteriori error estimation, adaptive mesh refinement, 

error indicators,  and the implementation of  adaptive 

methods.

The book then presents detailed discussions of the FEM 

applied  to  various  engineering  and  scientific 

disciplines,  including  linear  elasticity,  heat  transfer, 

fluid  flow,  solid  mechanics,  structural  analysis,  and 

multiphysics  problems.  These  chapters  provide  a 

comprehensive overview of the use of the FEM to solve 

a wide range of real-world problems.

Finally, the book concludes with a chapter on advanced 

topics in the FEM, including isogeometric analysis, the 

extended  finite  element  method,  the  discontinuous 

Galerkin method, and meshfree methods. These topics 

are at the forefront of research in the FEM, and they 

are  becoming  increasingly  important  in  a  variety  of 

applications.

Fundamentals  of  the  Finite  Element  Method  and 

Adaptive Techniques is  a  comprehensive and up-to-

5



date  resource  for  engineers,  scientists,  and  students 

who want to learn about the FEM. It is also a valuable 

reference for practitioners who use the FEM in their 

work. 
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Chapter  1:  Introduction  to  the  Finite 

Element Method

Overview of the Finite Element Method

The  finite  element  method  (FEM)  is  a  powerful 

numerical  technique  used  to  solve  a  wide  range  of 

engineering and scientific problems. It is based on the 

idea  of  dividing  a  complex  problem  into  smaller, 

simpler subproblems that  can be solved more easily. 

This  allows  engineers  and  scientists  to  analyze  and 

design  complex  systems  without  having  to  resort  to 

expensive and time-consuming physical experiments.

The FEM has been used successfully in a wide variety 

of applications, including:

 Structural  analysis:  The  FEM  can  be  used  to 

analyze  the  behavior  of  structures  under  load, 

such as bridges, buildings, and aircraft.

 Fluid flow: The FEM can be used to simulate the 

flow of fluids, such as water, air, and oil.
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 Heat transfer: The FEM can be used to simulate 

the transfer of heat, such as in heat exchangers 

and electronic devices.

 Solid mechanics: The FEM can be used to analyze 

the behavior of  solids,  such as metals,  plastics, 

and composites.

 Multiphysics problems: The FEM can be used to 

solve  problems  that  involve  multiple  physical 

phenomena,  such  as  fluid-structure  interaction 

and thermal-structural interaction.

The FEM is a versatile and powerful tool that can be 

used to solve a wide range of problems in engineering 

and science.  It  is  an essential  tool  for  engineers  and 

scientists  who  need  to  analyze  and  design  complex 

systems.

In  this  chapter,  we  will  provide  an  overview  of  the 

FEM. We will discuss the basic concepts of the FEM, as 

well as the different types of finite elements that are 

commonly  used.  We  will  also  discuss  the  various 
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applications  of  the  FEM  and  the  advantages  and 

disadvantages of using the FEM.

By the end of this chapter,  readers will  have a basic 

understanding of the FEM and will be able to apply it to 

simple problems.
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Chapter  1:  Introduction  to  the  Finite 

Element Method

Applications of the Finite Element Method

The  finite  element  method  (FEM)  is  a  powerful 

numerical technique that can be used to solve a wide 

range  of  engineering  and  scientific  problems.  It  is 

based on the idea of dividing a complex problem into 

smaller, simpler subproblems that can be solved more 

easily. This allows engineers and scientists to analyze 

and design complex systems without having to resort to 

expensive and time-consuming physical experiments.

The FEM has been used successfully in a wide variety 

of applications, including:

 Structural  analysis:  The  FEM  can  be  used  to 

analyze  the  behavior  of  structures  under  load, 

such as bridges, buildings, and aircraft.

 Fluid flow: The FEM can be used to simulate the 

flow of fluids, such as water, air, and oil.
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 Heat transfer: The FEM can be used to simulate 

the transfer of heat, such as in heat exchangers 

and electronic devices.

 Solid mechanics: The FEM can be used to analyze 

the behavior of  solids,  such as metals,  plastics, 

and composites.

 Multiphysics problems: The FEM can be used to 

solve  problems  that  involve  multiple  physical 

phenomena,  such  as  fluid-structure  interaction 

and thermal-structural interaction.

The FEM is a versatile and powerful tool that can be 

used to solve a wide range of problems in engineering 

and science.  It  is  an essential  tool  for  engineers  and 

scientists  who  need  to  analyze  and  design  complex 

systems.

In addition to the applications listed above, the FEM is 

also used in a variety of other fields, including:
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 Biomedical engineering: The FEM can be used to 

model  the  behavior  of  biological  tissues  and 

organs.

 Chemical engineering: The FEM can be used to 

simulate chemical reactions and processes.

 Electrical engineering: The FEM can be used to 

analyze  the  behavior  of  electrical  circuits  and 

devices.

 Environmental  engineering:  The  FEM  can  be 

used  to  model  the  behavior  of  environmental 

systems,  such  as  groundwater  flow  and  air 

pollution.

 Manufacturing  engineering:  The  FEM  can  be 

used to simulate manufacturing processes, such 

as metal forming and injection molding.

The FEM is a powerful tool that can be used to solve a 

wide range of problems in engineering and science. It 

is  an  essential  tool  for  engineers  and  scientists  who 

need to analyze and design complex systems.
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Chapter  1:  Introduction  to  the  Finite 

Element Method

Advantages and Disadvantages of the Finite 

Element Method

The  finite  element  method  (FEM)  has  several 

advantages over other numerical methods, including:

 Versatility: The FEM can be used to solve a wide 

variety of problems in engineering and science, 

including  problems  involving  complex 

geometries,  multiple  physical  phenomena,  and 

nonlinear material behavior.

 Accuracy: The  FEM  can  produce  accurate 

solutions to problems with complex geometries 

and boundary conditions.

 Efficiency: The  FEM  can  be  used  to  solve 

problems  with  a  large  number  of  degrees  of 

freedom efficiently.
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 Ease of use: The FEM is a relatively easy method 

to  implement,  and  there  are  many  software 

packages available that can be used to perform 

FEM analysis.

However,  the  FEM  also  has  some  disadvantages, 

including:

 Computational  cost: The  FEM  can  be 

computationally  expensive,  especially  for 

problems  with  a  large  number  of  degrees  of 

freedom.

 Complexity: The  FEM  can  be  complex  to 

understand  and  implement,  especially  for 

problems  with  complex  geometries  and 

boundary conditions.

 Convergence  issues: The  FEM  can  sometimes 

have  convergence  issues,  which  can  lead  to 

inaccurate or unstable solutions.

Overall, the FEM is a powerful and versatile numerical 

method  that  can  be  used  to  solve  a  wide  range  of 
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problems  in  engineering  and  science.  However,  it  is 

important  to  be  aware  of  the  advantages  and 

disadvantages  of  the  FEM  before  using  it  to  solve  a 

particular problem.
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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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