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Explore the powerful synergy between Object Oriented Methods and Finite Element Analysis, offering 
advanced techniques for designing robust and scalable engineering simulations. This approach sig-
nificantly enhances the modularity, reusability, and maintainability of complex Finite Element Analysis 
software, enabling more efficient development and precise results for intricate engineering problems.

We curate authentic academic textbooks from trusted publishers to support lifelong 
learning and research.
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We hope this document is useful for your needs.
Keep visiting our website for more helpful resources.
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Object Oriented Methods and Finite Element Analysis

This book describes the advantages of object oriented programming for finite element software 
development. The book explains the overall design philosophy as well as providing the reader with 
detailed programming information. The OO approach to finite element programming requires a radically 
different approach from that used for traditional finite element programming. The book highlights the 
differences and demonstrates the advantages of the OO approach. Sufficient detailed programming 
information is included to help reades to implement their own OO code or adapt the ideas presented in 
the book. The book is intended for researchers and postgraduate students working in the field of finite 
element technology. The source code described in this book is available from the author's website.

Object-oriented Finite Element Programming

"This book describes: overall program design approaches, along with program details, domain decom-
position solution methods, covering both direct and iterative solvers, and their incorporation into a finite 
element program. - The book is intended for researchers and postgraduate students working in the field 
of numerical software."--BOOK JACKET.

Modeling and Analysis of a Finite Element System Using Object Oriented Techniques

The finite element method (FEM) is a computational technique for solving problems which are 
described by partial differential equations or which can be formulated as functional minimization. 
The FEM is commonly used in the design and development of products, especially where structural 
analysis is involved. The simple object model of the Java(TM) programming language lends itself 
to efficient implementation of FEM analysis. Programming Finite Elements in Java(TM) teaches the 
reader FEM algorithms and their programming in Java(TM) through a single finite element Java(TM) 
program. The compact, simple code makes it straightforward to understand the algorithms and their 
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implementation, thereby encouraging developers to extend the code to their own tasks. All of the main 
aspects of finite element techniques are considered: finite element solution; generation of finite element 
meshes; and visualization of finite element models and results with Java 3D(TM). The step-by-step 
presentation includes algorithm programming and code explanation at each point. Problems and 
exercises are provided for each chapter, with Java(TM) source code and problem data sets available 
from http://extras.springer.com/2010/978-1-84882-971-8. Graduate students using the FEM will find 
the simple but detailed object-oriented programming methods presented in this textbook to be of 
great assistance in understanding the FEM, including mesh generation and visualization. Programming 
Finite Elements in Java(TM) will also be of interest to senior undergraduates doing special studies 
encompassing the FEM. Researchers and practicing engineers already familiar with the FEM but 
seeking an alternative approach will find this book readily suited to self study.

Programming Distributed Finite Element Analysis

Programming Finite Elements in JavaTM teaches the reader how to programme the algorithms of 
the finite element method (FEM) in JavaTM. The compact, simple code helps the student to read 
the algorithms, to understand them and thus to be able to refine them. All of the main aspects of 
finite element techniques are considered: finite element solution; generation of finite element meshes; 
and visualization of finite element models and results with Java 3DTM. The step-by-step presentation 
includes algorithm programming and code explanation at each point. Problems and exercises are 
provided for each chapter, with JavaTM source code and problem data sets available from http://ex-
tras.springer.com/2010/978-1-84882-971-8.

Object-oriented Finite Element Analysis

Abstract: "The object-oriented model is often motivated by its support for new emerging application 
areas such as finite element analysis (FEA), computer-aided design or office automation systems. 
However, our experience when building such a system (FEA) using an object-relational database 
management system is that an object-oriented model extended with multi-methods is needed. Our 
application domain also needs support for multi-methods where methods may be called with any 
configuration of bound or unbound arguments, multi-directional queries. In this paper we show by using 
excerpts from an FEA application the benefits of multi-directional multi-methods and we also show how 
to process queries with multi- directional multi-methods and how to make these optimizable in presence 
of late binding."

Programming Finite Elements in JavaTM

This volume in the series Lecture Notes in Computational Science and Engineering presents a 
collection of papers presented at the International Workshop on FSI, held in October 2005 in Hohenwart 
and organized by DFG's Research Unit 493 "FSI: Modeling, Simulation, and Optimization". The papers 
address partitioned and monolithic coupling approaches, methodical issues and applications, and 
discuss FSI from the mathematical, informatics, and engineering points of view.

Nonlinear Finite Element Techniques Using an Object-oriented Code

In this much-expanded second edition, author Yair Shapira presents new applications and a substantial 
extension of the original object-oriented framework to make this popular and comprehensive book even 
easier to understand and use. It not only introduces the C and C++ programming languages, but also 
shows how to use them in the numerical solution of partial differential equations (PDEs). The book leads 
readers through the entire solution process, from the original PDE, through the discretization stage, to 
the numerical solution of the resulting algebraic system. The high level of abstraction available in C++ 
is particularly useful in the implementation of complex mathematical objects, such as unstructured 
mesh, sparse matrix, and multigrid hierarchy, often used in numerical modeling. The well-debugged 
and tested code segments implement the numerical methods efficiently and transparently in a unified 
object-oriented approach.

A Finite Element Framework for Geotechnical Applications Based on Object-oriented Programming

There are some books that target the theory of the finite element, while others focus on the program-
ming side of things. Introduction to Finite Element Analysis Using MATLAB® and Abaqus accomplishes 
both. This book teaches the first principles of the finite element method. It presents the theory of the 



finite element method while maintaining a balance between its mathematical formulation, programming 
implementation, and application using commercial software. The computer implementation is carried 
out using MATLAB, while the practical applications are carried out in both MATLAB and Abaqus. 
MATLAB is a high-level language specially designed for dealing with matrices, making it particularly 
suited for programming the finite element method, while Abaqus is a suite of commercial finite 
element software. Includes more than 100 tables, photographs, and figures Provides MATLAB codes 
to generate contour plots for sample results Introduction to Finite Element Analysis Using MATLAB 
and Abaqus introduces and explains theory in each chapter, and provides corresponding examples. 
It offers introductory notes and provides matrix structural analysis for trusses, beams, and frames. 
The book examines the theories of stress and strain and the relationships between them. The author 
then covers weighted residual methods and finite element approximation and numerical integration. 
He presents the finite element formulation for plane stress/strain problems, introduces axisymmetric 
problems, and highlights the theory of plates. The text supplies step-by-step procedures for solving 
problems with Abaqus interactive and keyword editions. The described procedures are implemented 
as MATLAB codes and Abaqus files can be found on the CRC Press website.

Programming Finite Elements in JavaTM

This book is a tutorial written by researchers and developers behind the FEniCS Project and explores 
an advanced, expressive approach to the development of mathematical software. The presentation 
spans mathematical background, software design and the use of FEniCS in applications. Theoretical 
aspects are complemented with computer code which is available as free/open source software. 
The book begins with a special introductory tutorial for beginners. Following are chapters in Part I 
addressing fundamental aspects of the approach to automating the creation of finite element solvers. 
Chapters in Part II address the design and implementation of the FEnicS software. Chapters in Part III 
present the application of FEniCS to a wide range of applications, including fluid flow, solid mechanics, 
electromagnetics and geophysics.

Using Multi-method Queries in Finite Element Analysis

This volume presents technical papers devoted to development and practical use of computer methods 
in geotechnical and geoenviromental engineering. It covers issues on space use and construction, soil 
and rock mechanics, and mining applications amongst other topics.

SPOOCEFEM

Finite Element Analysis Applications: A Systematic and Practical Approach strikes a solid balance 
between more traditional FEA textbooks that focus primarily on theory, and the software specific guide-
books that help teach students and professionals how to use particular FEA software packages without 
providing the theoretical foundation. In this new textbook, Professor Bi condenses the introduction of 
theories and focuses mainly on essentials that students need to understand FEA models. The book is 
organized to be application-oriented, covering FEA modeling theory and skills directly associated with 
activities involved in design processes. Discussion of classic FEA elements (such as truss, beam and 
frame) is limited. Via the use of several case studies, the book provides easy-to-follow guidance on 
modeling of different design problems. It uses SolidWorks simulation as the platform so that students 
do not need to waste time creating geometries for FEA modelling. Provides a systematic approach 
to dealing with the complexity of various engineering designs Includes sections on the design of 
machine elements to illustrate FEA applications Contains practical case studies presented as tutorials 
to facilitate learning of FEA methods Includes ancillary materials, such as a solutions manual for 
instructors, PPT lecture slides and downloadable CAD models for examples in SolidWorks

Fluid-Structure Interaction

AI!, in the earlier conferences (Tokyo, 1986; Atlanta, 1988, Melbourne, 1991; and Hong Kong, 1992) 
the response to the call for presentations at ICES-95 in Hawaii has been overwhelming. A very careful 
screening of the extended abstracts resulted in about 500 paper being accepted for presentation. Out 
of these, written versions of about 480 papers reached the conference secretariat in Atlanta in time 
for inclusion in these proceedings. The topics covered at ICES-95 range over the broadest spectrum 
of computational engineering science. The editors thank the international scientific committee, for 
their advice and encouragement in making ICES-95 a successful scientific event. Special thanks are 
expressed to the International Association for Boundary Elements Methods for hosting IABEM-95 in 



conjunction with ICES-95. The editors here express their deepest gratitude to Ms. Stacy Morgan for her 
careful handling of a myriad of details of ICES-95, often times under severe time constraints. The editors 
hope that the readers of this proceedings will find a kaleidoscopic view of computational engineering 
in the year 1995, as practiced in various parts of the world. Satya N. Atluri Atlanta, Georgia, USA 
Genki Yagawa Tokyo,Japan Thomas A. Cruse Nashville, TN, USA Organizing Committee Professor 
Genki Yagawa, University of Tokyo, Japan, Chair Professor Satya Atluri, Georgia Institute of Technology, 
U.S.A.

Solving PDEs in C++

Finite element methods have become ever more important to engineers as tools for design and 
optimization, now even for solving non-linear technological problems. However, several aspects must 
be considered for finite-element simulations which are specific for non-linear problems: These problems 
require the knowledge and the understanding of theoretical foundations and their finite-element 
discretization as well as algorithms for solving the non-linear equations. This book provides the reader 
with the required knowledge covering the complete field of finite element analyses in solid mechanics. It 
is written for advanced students in engineering fields but serves also as an introduction into non-linear 
simulation for the practising engineer.

Introduction to Finite Element Analysis Using MATLAB® and Abaqus

This book provides a solid introduction to the foundation and the application of the finite element 
method in structural analysis. It offers new theoretical insight and practical advice. This second edition 
contains additional sections on sensitivity analysis, on retrofitting structures, on the Generalized FEM 
(X-FEM) and on model adaptivity. An additional chapter treats the boundary element method, and 
related software is available at www.winfem.de.

Automated Solution of Differential Equations by the Finite Element Method

New finite elements are needed as well in research as in industry environments for thedevelopment 
of virtual prediction techniques. The design and implementation of novel finiteelements for specific 
purposes is a tedious and time consuming task, especially for nonlinearformulations. The automation 
of this process can help to speed up this processconsiderably since the generation of the final 
computer code can be accelerated by order ofseveral magnitudes.This book provides the reader with 
the required knowledge needed to employ modernautomatic tools like AceGen within solid mechanics 
in a successful way. It covers the rangefrom the theoretical background, algorithmic treatments to 
many different applications. Thebook is written for advanced students in the engineering field and for 
researchers ineducational and industrial environments.

Geoecology and Computers

Object Oriented Simulation will qualify as a valuable resource to students and accomplished profes-
sionals and researchers alike, as it provides an extensive, yet comprehensible introduction to the basic 
principles of object-oriented modeling, design and implementation of simulation models. Key features 
include an introduction to modern commercial graphical simulation and animation software, accessible 
breakdown of OOSimL language constructs through various programming principles, and extensive 
tutorial materials ideal for undergraduate classroom use.

Finite Element Analysis Applications

Although Architecture and Structural Engineering have both had their own historical development, their 
interaction has led to many fascinating and delightful structures over time. To bring this interaction to a 
higher level, there is the need to stimulate the inventive and creative design of architectural structures 
and to persuade architects and s

Computational Mechanics ’95

The book comprises an assembly of benchmarks and examples for porous media mechanics collected 
over the last twenty years. Analysis of thermo-hydro-mechanical-chemical (THMC) processes is 
essential to many applications in environmental engineering, such as geological waste deposition, 
geothermal energy utilisation, carbon capture and storage, water resources management, hydrology, 
even climate chance. In order to assess the feasibility as well as the safety of geotechnical applications, 



process-based modelling is the only tool to put numbers, i.e. to quantify future scenarios. This charges 
a huge responsibility concerning the reliability of computational tools. Benchmarking is an appropriate 
methodology to verify the quality of modelling tools based on best practices. Moreover, benchmarking 
and code comparison foster community efforts. The benchmark book is part of the OpenGeoSys 
initiative - an open source project to share knowledge and experience in environmental analysis and 
scientific computation.

Nonlinear Finite Element Methods

Computational Mechanics is the proceedings of the International Symposium on Computational Me-
chanics, ISCM 2007. This conference is the first of a series created by a group of prominent scholars 
from the Mainland of China, Hong Kong, Taiwan, and overseas Chinese, who are very active in the 
field. The book includes 22 full papers of plenary and semi-plenary lectures and approximately 150 
one-page summaries.

The Finite Element Method: Solid mechanics

Contains a selection of papers presented at The Seventh International Conference on Civil and Struc-
tural Engineering and The Fifth International Conference on the Applications of Artificial Intelligence to 
Civil and Structural Engineering, held concurrently from 13-15 September 1999, at Oxford, England.

Structural Analysis with Finite Elements

The thirty papers published in this book represent the latest developments in Discontinuous Defor-
mation Analysis (DDA). The Numerical Manifold Method (NMM) and other numerical methods and 
their applications are also covered, as are the theoretical contributions of 3D DDA, modelling and 
visualization of 3D joint systems, and high-order NMM. Applications of these advances include the 
stability of underground works, rock slopes and boreholes.

Automation of Finite Element Methods

"Today, the majority of engineers in many varied fields must utilize CAD/CAM systems in their work, but 
due to the increasing number and sophistication of programs and methods available, no one engineer 
can possibly be an expert in all of them. This book

Object Oriented Simulation

This book provides an introduction to the understanding and use of object-oriented methodologies 
for engineering problem solving with a specific emphasis on analysis and design. (Object-oriented 
programming is a general computer language methodology. The name comes from the focus on 
describing problems in terms of objects, both physical and conceptual).

Structures & Architecture

Object-oriented analysis and design (OOAD) has over the years, become a vast field, encompassing 
such diverse topics as design process and principles, documentation tools, refactoring, and design and 
architectural patterns. For most students the learning experience is incomplete without implementation. 
This new textbook provides a comprehensive introduction to OOAD. The salient points of its coverage 
are: • A sound footing on object-oriented concepts such as classes, objects, interfaces, inheritance, 
polymorphism, dynamic linking, etc. • A good introduction to the stage of requirements analysis. • 
Use of UML to document user requirements and design. • An extensive treatment of the design 
process. • Coverage of implementation issues. • Appropriate use of design and architectural patterns. 
• Introduction to the art and craft of refactoring. • Pointers to resources that further the reader’s 
knowledge. All the main case-studies used for this book have been implemented by the authors using 
Java. The text is liberally peppered with snippets of code, which are short and fairly self-explanatory 
and easy to read. Familiarity with a Java-like syntax and a broad understanding of the structure of Java 
would be helpful in using the book to its full potential.

Thermo-Hydro-Mechanical-Chemical Processes in Porous Media

Introduces the theory and applications of the extended finite element method (XFEM) in the linear and 
nonlinear problems of continua, structures and geomechanics Explores the concept of partition of unity, 



various enrichment functions, and fundamentals of XFEM formulation. Covers numerous applications of 
XFEM including fracture mechanics, large deformation, plasticity, multiphase flow, hydraulic fracturing 
and contact problems Accompanied by a website hosting source code and examples

Computational Mechanics

Young engineers are often required to utilize commercial finite element software without having 
had a course on finite element theory. That can lead to computer-aided design errors. This book 
outlines the basic theory, with a minimum of mathematics, and how its phases are structured within 
a typical software. The importance of estimating a solution, or verifying the results, by other means is 
emphasized and illustrated. The book also demonstrates the common processes for utilizing the typical 
graphical icon interfaces in commercial codes. in particular, the book uses and covers the widely utilized 
SolidWorks solid modeling and simulation system to demonstrate applications in heat transfer, stress 
analysis, vibrations, buckling, and other fields. The book, with its detailed applications, will appeal to 
upper-level undergraduates as well as engineers new to industry.

Developments in Analysis and Design Using Finite Element Methods

This book constitutes the proceedings of the third International Conference on Data Stream and Mining 
and Processing, DSMP 2020, held in Lviv, Ukraine*, in August 2020. The 36 full papers presented in 
this volume were carefully reviewed and selected from 134 submissions. The papers are organized in 
topical sections of �hybrid systems of computational intelligence; machine vision and pattern recognition; 
dynamic data mining & data stream mining; big data & data science using intelligent approaches. *The 
conference was held virtually due to the COVID-19 pandemic.

Development and Application of Discontinuous Modelling for Rock Engineering

Finite Element Analysis (FEA) has been widely implemented by the automotive industry as a produc-
tivity tool for design engineers to reduce both development time and cost. This essential work serves 
as a guide for FEA as a design tool and addresses the specific needs of design engineers to improve 
productivity. It provides a clear presentation that will help practitioners to avoid mistakes. Easy to use 
examples of FEA fundamentals are clearly presented that can be simply applied during the product 
development process. The FEA process is fully explored in this fundamental and practical approach 
that includes: • Understanding FEA basics • Commonly used modeling techniques • Application of FEA 
in the design process • Fundamental errors and their effect on the quality of results • Hands-on simple 
and informative exercises This indispensable guide provides design engineers with proven methods 
to analyze their own work while it is still in the form of easily modifiable CAD models. Simple and 
informative exercises provide examples for improving the process to deliver quick turnaround times 
and prompt implementation.

Modeling and Problem Solving Techniques for Engineers

This book contains 36 articles covering most of the topics in the rapidly developing areas of meshfree 
methods and extended finite element methods (X-FEM). These topics include domain discretization, 
boundary discretization, combined domain/boundary discretization, meshfree particle methods, col-
location methods, X-FEM, etc. Papers on issues related to implementation and coding of meshfree 
methods are also presented. The areas of applications of meshfree methods include solving gen-
eral partial differential equations, the mechanics of solids and structures, smart material/structures, 
soil-structures, fracture mechanics, fluid dynamics, impact, penetration, micro-fluidics, etc. In addition, 
techniques for field variable interpolation, such as the moving least squares (MLS) approximation, the 
point interpolation method (PIM), and radial PIM are reported. Contents: Meshfree Shape Functions 
for Weak Formulation, Strong Formulation; Meshfree Methods for Smart Materials/Structures; Mesh-
free Methods for Fracture Analysis; Meshfree Methods for Membrances, Plates & Shells; Meshfree 
Methods for Soil; Meshfree Methods for CFD; Boundary Meshfree Methods; Coding, Error Estimation, 
Parallisation; Meshfree Particle Methods; X-FEM. Readership: Graduate and undergraduate students, 
reserchers, academics, lecturers and engineers in civil engineering, engineering mechanics and 
mechanical engineering.

Object-Oriented Engineering



This comprehensive volume is unique in presenting the typically decoupled fields of Matrix Structural 
Analysis (MSA) and Finite Element Methods (FEM) in a cohesive framework. MSA is used not only 
to derive formulations for truss, beam, and frame elements, but also to develop the overarching 
framework of matrix analysis. FEM builds on this foundation with numerical approximation techniques 
for solving boundary value problems in steady-state heat and linear elasticity. Focused on coding, the 
text guides the reader from first principles to explicit algorithms. This intensive, code-centric approach 
actively prepares the student or practitioner to critically assess the performance of commercial analysis 
packages and explore advanced literature on the subject. Request Inspection Copy

Tall Buildings

Programming the Finite Element Method Third Edition I. M. Smith University of Manchester, UK. D. 
V. Griffiths Colorado School of Mines, USA. Following the highly successful previous editions, this 
Third edition contains programs and subroutine libraries fully updated in Fortran 90, which are also 
available on the Internet via anonymous ftp. A wide variety of new problem solving analyses are 
presented, including classical structural analysis, elasticity and plasticity, steady state and transient 
fluid flow, linear and non-linear solid dynamics and construction processes in geomechanics. The 
authors provide: * a clear outline of programming philosophy * programs which illustrate analytic rather 
than numerical evaluation of element properties * exercises for students to solve Unique elements of 
the text include: * practical problems in Fortran 90 * instructions to the reader for developing their own 
computer programs which use the finite element method to solve specific problems * guidelines towards 
vectorisable/parallelisable programs * 'Mesh-free' or 'element-by-element' techniques supplanting tra-
ditional 'mesh-dependent' or 'global element assembly' methods in every chapter. These improvements 
all contribute to a more comprehensive book with a wide appeal, but which will be of particular interest 
to students and practitioners in the application of the finite element method, and problems related to its 
use; undergraduates and postgraduates in civil engineering (applications in fields of Geomechanics), 
mechanical engineering (stress and fluid flow problems), applied mathematics and physics (solution 
of partial differential equations), and engineers in the fields as indicated above.

Object-Oriented Analysis and Design

Extended Finite Element Method
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