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SystemsComputer Methods and Recent Advances in
Geomechanics

Introduction to Fracture Mechanics
It is a real pleasure to write the Foreword for this
book, both because I have known and respected its
author for many years and because I expect this
book’s publication will mark an important milestone in
the continuing worldwide development of
microsystems. By bringing together all aspects of
microsystem design, it can be expected to facilitate
the training of not only a new generation of
engineers, but perhaps a whole new type of engineer
– one capable of addressing the complex range of
problems involved in reducing entire systems to the
micro- and nano-domains. This book breaks down
disciplinary barriers to set the stage for systems we
do not even dream of today. Microsystems have a
long history, dating back to the earliest days of micelectronics. While integrated circuits developed in the
early 1960s, a number of laboratories worked to use
the same technology base to form integrated sensors.
The idea was to reduce cost and perhaps put the
sensors and circuits together on the same chip. By
the late-60s, integrated MOS-photodiode arrays had
been developed for visible imaging, and silicon
etching was being used to create thin diaphragms
that could convert pressure into an electrical signal.
By 1970, selective anisotropic etching was being used
for diaphragm formation, retaining a thick silicon rim
to absorb package-induced stresses. Impurity- and
electrochemically-based etch-stops soon emerged,
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and "bulk micromachining" came into its own.

Elements of Fracture Mechanics
Proceedings of the 1st International
Conference on Sustainable Waste
Management through Design
Primarily intended for the senior undergraduate and
postgraduate students of Metallurgical and Materials
Engineering/Mechanical Engineering, the book begins
with the description of elementary mechanical testing
method and then moves on to the theory of elasticity,
the micromechanics of high strain rate deformation
phenomenon and quantitative methods of materials
selection. Dislocation and their applications is the
strength of this book. The topics such as creep,
fatigue and fracture are comprehensively covered.
The final chapter presents the principles of materials
selection. The book contains numerous solved and
unsolved examples to reinforce the understanding of
the subject.

Applied Impact Mechanics
This volume contains the proceedings of the 2000
International Congress of Theoretical and Applied
Mechanics. The book captures a snapshot view of the
state of the art in the field of mechanics and will be
invaluable to engineers and scientists from a variety
of disciplines.
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Elements of Fracture Mechanics
The book presents cutting-edge research in the
emerging fields of micro, nano and smart devices and
systems from experts working in these fields over the
last decade. Most of the contributors have built
devices or systems or developed processes or
algorithms in these areas. The book is a unique
collection of chapters from different areas with a
common theme and is immensely useful to academic
researchers and practitioners in the industry who
work in this field.

Advances in Computer Methods and
Geomechanics
A straightforward introduction to basic concepts and
methodologies for digital photoelasticity, providing a
foundation on which future researchers and students
can develop their own ideas. The book thus promotes
research into the formulation of problems in digital
photoelasticity and the application of these
techniques to industries. In one volume it provides
data acquisition by DIP techniques, its analysis by
statistical techniques, and its presentation by
computer graphics plus the use of rapid prototyping
technologies to speed up the entire process. The book
not only presents the various techniques but also
provides the relevant time-tested software codes.
Exercises designed to support and extend the
treatment are found at the end of each chapter.

Applied Impact Mechanics
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This book is intended to help the reader understand
impact phenomena as a focused application of
diverse topics such as rigid body dynamics, structural
dynamics, contact and continuum mechanics, shock
and vibration, wave propagation and material
modelling. It emphasizes the need for a proper
assessment of sophisticated
experimental/computational tools promoted widely in
contemporary design. A unique feature of the book is
its presentation of several examples and exercises to
aid further understanding of the physics and
mathematics of impact process from first principles,
in a way that is simple to follow.

ROBOTICS AND CONTROL
Fracture mechanics studies the development and
spreading of cracks in materials. The study uses two
techniques including analytical and experimental solid
mechanics. The former is used to determine the
driving force on a crack and the latter is used to
measure material's resistance to fracture. The text
begins with a detailed discussion of fundamental
concepts including linear elastic fracture mechanics
(LEFM), yielding fracture mechanics, mixed mode
fracture and computational aspects of linear elastic
fracture mechanics. It explains important topics
including Griffith theory of brittle crack propagation
and its Irwin and Orowan modification, calculation of
theoretical cohesive strength of materials through an
atomic model and analytical determination of crack
tip stress field. This book covers MATLAB programs for
calculating fatigue life under variable amplitude cyclic
Page 5/25

Read PDF Fracture Mechanics By Prashant
Kumar Solution Manual
loading. The experimental measurements of fracture
toughness parameters KIC, JIC and crack opening
displacement (COD) are provided in the last chapter.

Geomechanics and Geodynamics of Rock
Masses
With its combination of practicality, readability, and
rigor that is characteristic of any truly authoritative
reference and text, Fracture Mechanics:
Fundamentals and Applications quickly established
itself as the most comprehensive guide to fracture
mechanics available. It has been adopted by more
than 100 universities and embraced by thousands of
professional engineers worldwide. Now in its third
edition, the book continues to raise the bar in both
scope and coverage. It encompasses theory and
applications, linear and nonlinear fracture mechanics,
solid mechanics, and materials science with a unified,
balanced, and in-depth approach. Reflecting the many
advances made in the decade since the previous
edition came about, this indispensable Third Edition
now includes: A new chapter on environmental
cracking Expanded coverage of weight functions New
material on toughness test methods New problems at
the end of the book New material on the failure
assessment diagram (FAD) method Expanded and
updated coverage of crack closure and variableamplitude fatigue Updated solutions manual In
addition to these enhancements, Fracture Mechanics:
Fundamentals and Applications, Third Edition also
includes detailed mathematical derivations in
appendices at the end of applicable chapters; recent
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developments in laboratory testing, application to
structures, and computational methods; coverage of
micromechanisms of fracture; and more than 400
illustrations. This reference continues to be a
necessity on the desk of anyone involved with
fracture mechanics.

Mechanics for a New Millennium
"Advanced Tribology" is the proceedings of the 5th
China International Symposium on Tribology (held
every four years) and the 1st International Tribology
Symposium of IFToMM, held in Beijing 24th-27th
September 2008. It contains seven parts: lubrication;
friction and wear; micro/nano-tribology; tribology of
coatings, surface and interface; biotribology; tribochemistry; industry tribology. The book reflects the
recent progress in the fields such as lubrication,
friction and wear, coatings, and precision
manufacture etc. in the world. The book is intended
for researchers, engineers and graduate students in
the field of tribology, lubrication, mechanical
production and industrial design. The editors Jianbin
Luo, Yonggang Meng, Tianmin Shao and Qian Zhao
are all the professors at the State Key Lab of
Tribology, Tsinghua University, Beijing.

Elementary engineering fracture
mechanics
Digital Photoelasticity
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This book introduces the peridynamic (PD) differential
operator, which enables the nonlocal form of local
differentiation. PD is a bridge between differentiation
and integration. It provides the computational
solution of complex field equations and evaluation of
derivatives of smooth or scattered data in the
presence of discontinuities. PD also serves as a
natural filter to smooth noisy data and to recover
missing data. This book starts with an overview of the
PD concept, the derivation of the PD differential
operator, its numerical implementation for the spatial
and temporal derivatives, and the description of
sources of error. The applications concern
interpolation, regression, and smoothing of data,
solutions to nonlinear ordinary differential equations,
single- and multi-field partial differential equations
and integro-differential equations. It describes the
derivation of the weak form of PD Poisson’s and
Navier’s equations for direct imposition of essential
and natural boundary conditions. It also presents an
alternative approach for the PD differential operator
based on the least squares minimization. Peridynamic
Differential Operator for Numerical Analysis is suitable
for both advanced-level student and researchers,
demonstrating how to construct solutions to all of the
applications. Provided as supplementary material,
solution algorithms for a set of selected applications
are available for more details in the numerical
implementation.

DISLOCATIONS AND MECHANICAL
BEHAVIOUR OF MATERIALS
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This book describes the latest advances, innovations
and applications in the field of waste management
and environmental geomechanics as presented by
leading researchers, engineers and practitioners at
the International Conference on Sustainable Waste
Management through Design (IC_SWMD), held in
Ludhiana (Punjab), India on November 2-3, 2018.
Providing a unique overview of new directions, and
opportunities for sustainable and resilient design
approaches to protect infrastructure and the
environment, it discusses diverse topics related to
civil engineering and construction aspects of the
resource management cycle, from the minimization of
waste, through the eco-friendly re-use and processing
of waste materials, the management and disposal of
residual wastes, to water treatments and
technologies. It also encompasses strategies for
reducing construction waste through better design,
improved recovery, re-use, more efficient resource
management and the performance of materials
recovered from wastes. The contributions were
selected by means of a rigorous peer-review process
and highlight many exciting ideas that will spur novel
research directions and foster multidisciplinary
collaboration among different waste management
specialists.

An Introduction to Continuum Mechanics
This book gathers selected research articles from the
International Conference on Innovative Product
Design and Intelligent Manufacturing System
(ICIPDIMS 2019), held at the National Institute of
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Technology, Rourkela, India. The book discusses
latest methods and advanced tools from different
areas of design and manufacturing technology. The
main topics covered include design methodologies,
industry 4.0, smart manufacturing, and advances in
robotics among others. The contents of this book are
useful for academics as well as professionals working
in industrial design, mechatronics, robotics, and
automation.

Innovative Product Design and
Intelligent Manufacturing Systems
The book covers different aspects of real-world
applications of optimization algorithms. It provides
insights from the Fourth International Conference on
Harmony Search, Soft Computing and Applications
held at BML Munjal University, Gurgaon, India on
February 7–9, 2018. It consists of research articles on
novel and newly proposed optimization algorithms;
the theoretical study of nature-inspired optimization
algorithms; numerically established results of natureinspired optimization algorithms; and real-world
applications of optimization algorithms and synthetic
benchmarking of optimization algorithms.

Advances in Engineering Design
Geomechanics and Geodynamics of Rock Masses
contains contributions presented at EUROCK 2018,
the 2018 International Symposium of the International
Society for Rock Mechanics (ISRM 2018, Saint
Petersburg, Russia, 22-26 May 2018). Dedicated to
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recent advances and achievements in the fields of
geomechanics and geotechnology, the main topics of
the book include: - Physical and mechanical
properties of fractured rock (laboratory testing and
rock properties, field measurements and site
investigations) - Geophysics in rock mechanics - Rock
mass strength and failure - Nonlinear problems in rock
mechanics - Effect of joint water on the behavior of
rock foundation - Numerical modeling and back
analysis - Mineral resources development: methods
and rock mechanics problems - Rock mechanics and
underground construction in mining, hydropower
industry and civil engineering - Rock mechanics in
petroleum engineering - Geodynamics and monitoring
of rock mass behavior - Risks and hazards Geomechanics of technogenic deposits Geomechanics
and Geodynamics of Rock Masses will be of interest to
researchers and professionals involved in the various
branches of rock mechanics and rock engineering.
EUROCK 2018, organized by the Saint Petersburg
Mining University, is a continuation of the successful
series of ISRM symposia in Europe, which began in
1992 in Chester, UK.

Extended Finite Element Method
For a first course in the Mechanics of Fracture at the
graduate level (or senior undergraduates with a
background in engineering mechanics). The attention
of Principles of Fracture Mechanics is on the
mathematical principles of linear elastic fracture
mechanics and their application to engineering
design. The book is a self-contained manual on the
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mechanics aspects of the theory of brittle fracture
and fatigue and is suitable for either self-study or
classroom instruction. It includes a guided
introduction to the linear theory of elasticity with
pivotal results for the circular hole, the elliptical hole
and the wedge leading up to the general problem of
bodies containing cracks.

Fracture Mechanics
This 2006 work began with the author's exploration of
the applicability of the finite deformation theory of
elasticity when various standard assumptions such as
convexity of various energies or ellipticity of the field
equations of equilibrium are relinquished. The finite
deformation theory of elasticity turns out to be a
natural vehicle for the study of phase transitions in
solids where thermal effects can be neglected. This
text will be of interest to those interested in the
development and application of continuummechanical models that describe the macroscopic
response of materials capable of undergoing stressor temperature-induced transitions between two solid
phases. The focus is on the evolution of phase
transitions which may be either dynamic or quasistatic, controlled by a kinetic relation which in the
framework of classical thermomechanics represents
information that is supplementary to the usual
balance principles and constitutive laws of
conventional theory.

Principles of Fracture Mechanics
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This volume presents selected papers from IACMAG
Symposium,The major themes covered in this
conference are Earthquake Engineering, Ground
Improvement and Constitutive Modelling. This volume
will be of interest to researchers and practitioners in
geotechnical and geomechanical engineering.

Fracture Mechanics
FRACTURE MECHANICS OF CONCRETE AND ROCK This
book offers engineers a unique opportunity to learn,
frominternationally recognized leaders in their field,
about the latesttheoretical advances in fracture
mechanics in concrete, reinforcedconcrete structures,
and rock. At the same time, it functions as asuperb,
graduate-level introduction to fracture mechanics
conceptsand analytical techniques. Reviews, in depth,
the basic theory behind fracture mechanics * Covers
the application of fracture mechanics to
compressionfailure, creep, fatigue, torsion, and other
advanced topics * Extremely well researched, applies
experimental evidence ofdamage to a wide range of
design cases * Supplies all relevant formulas for
stress intensity * Covers state-of-the-art linear elastic
fracture mechanics (LEFM)techniques for analyzing
deformations and cracking * Describes nonlinear
fracture mechanics (NLFM) and the latestRILEM
modeling techniques for testing nonlinear quasibrittlematerials * And much more Over the past few
years, researchers employing techniques
borrowedfrom fracture mechanics have made many
groundbreaking discoveriesconcerning the causes and
effects of cracking, damage, andfractures of plain and
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reinforced concrete structures and rock.This, in turn,
has resulted in the further development
andrefinement of fracture mechanics concepts and
tools. Yet, despitethe field's growth and the growing
conviction that fracturemechanics is indispensable to
an understanding of material andstructural failure,
there continues to be a surprising shortage
oftextbooks and professional references on the
subject. Written by two of the foremost names in the
field, FractureMechanics of Concrete fills that gap.
The most comprehensive bookever written on the
subject, it consolidates the latest theoreticalresearch
from around the world in a single reference that can
beused by students and professionals alike. Fracture
Mechanics of Concrete is divided into two sections. In
thefirst, the authors lay the necessary groundwork
with an in-depthreview of fundamental principles. In
the second section, theauthors vividly demonstrate
how fracture mechanics has beensuccessfully applied
to failures occurring in a wide array ofdesign cases.
Key topics covered in these sections include: * Stateof-the-art linear elastic fracture mechanics
(LEFM)techniques for analyzing deformations and
cracking * Nonlinear fracture mechanics (NLFM) and
the latest RILEM modelingtechniques for testing
nonlinear quasi-brittle materials * The use of R-Curves
to describe cracking and fracture inquasi-brittle
materials * The application of fracture mechanics to
compression failure,creep, fatigue, torsion, and other
advanced topics The most timely, comprehensive,
and authoritative book on thesubject currently
available, Fracture Mechanics of Concrete is botha
complete instructional tool for academics and
students instructural and geotechnical engineering
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courses, and anindispensable working resource for
practicing engineers.

Nanocarbon and Its Composites
This book presents select proceedings of the
International Conference on Future Learning Aspects
of Mechanical Engineering (FLAME 2018). The book
covers mechanical design areas such as
computational mechanics, finite element modeling,
computer aided designing, tribology, fracture
mechanics, and vibration. The book brings together
different aspects of engineering design, and will be
useful for researchers and professionals working in
this field.

Mechatronics
"The integration of electronic engineering, electrical
engineering, computer technology and control
engineering with mechanical engineering -mechatronics -- now forms a crucial part in the
design, manufacture and maintenance of a wide
range of engineering products and processes. This
book provides a clear and comprehensive introduction
to the application of electronic control systems in
mechanical and electrical engineering. It gives a
framework of knowledge that allows engineers and
technicians to develop an interdisciplinary
understanding and integrated approach to
engineering. This second edition has been updated
and expanded to provide greater depth of
coverage."--Back cover.
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Fundamentals of Fracture Mechanics
This important textbook provides an introduction to
the concepts of the newly developed extended finite
element method (XFEM) for fracture analysis of
structures, as well as for other related engineering
applications. One of the main advantages of the
method is that it avoids any need for remeshing or
geometric crack modelling in numerical simulation,
while generating discontinuous fields along a crack
and around its tip. The second major advantage of the
method is that by a small increase in number of
degrees of freedom, far more accurate solutions can
be obtained. The method has recently been extended
to nonlinear materials and other disciplines such as
modelling contact and interface, simulation of
inclusions and holes, moving and changing phase
problems, and even to multiscale analyses. The book
is self contained, with summaries of both classical and
modern computational techniques. The main chapters
include a comprehensive range of numerical
examples describing various features of XFEM.

Basic Fracture Mechanics
Features The book provides a compressive overview
of the fundamental skills underlying the mechanism
and control of manipulators. Detailed chapter on
Velocity Transformations, jacobian and Singularities.
Trajectory Planning is developed using both joint
space and Cartesian space methods. Dynamic
Modeling is treated by Lagrange-Euler and EulerNewton formulations; complex derivations are put in
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the appendix to ensure a smooth flow for the reader.
A comprehensive chapter on Robotic Control covering
control strategies like PD, PID, computed torque
control, force and impedance control at an
appropriate level. A METLAB tutorial on using the
package for Robotics is included as an appendix. A full
chapter on the industrial applications of robots. All
important industrial robot configurations with varying
degrees of freedom are covered in various chapters
and solved examples. An elaborate chapter (Chapter
9) devoted to Robotic Sensors and Vision. Includes
over 50 solved examples and more than 270 simpleto-complex end-of-chapter exercises. Appendix on the
underlying maths – Linear Algebra, Moment of Inertia
Tensor and Equations of Motion

Advanced Tribology
Microsystem Design
Almost all books available on fracture mechanics
cover the majority of topics presented in this book,
and often much, much more. While great as
references, this makes teaching from them more
difficult because the materials are not typically
presented in the order that most professors cover
them in their lectures and more than half the
information p

Fracture Mechanics of Concrete
Fracture Mechanics is an essential tool to evaluate
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whether a component is likely to fil or not. This book
has been written in a simple and step-wise manner to
help readers familiarise with the basic and advanced
topics. Additionally it has over 185 illustrations to
further reinforce and simplify the learning process.
With this coverage, the book will be useful to
professionals and students of engineering.

Peridynamic Differential Operator for
Numerical Analysis
Nanocarbon and Its Composites: Preparation,
Properties and Applications provides a detailed and
comprehensive review of all major innovations in the
field of nanocarbons and their composites, including
preparation, properties and applications. Coverage is
broad and quite extensive, encouraging future
research in carbon-based materials, which are in high
demand due to the need to develop more sustainable,
recyclable and eco-friendly methods for materials.
Chapters are written by eminent scholars and leading
experts from around the globe who discuss the
properties and applications of carbon-based
materials, such as nanotubes (buckytubes),
fullerenes, cones, horns, rods, foams, nanodiamonds
and carbon black, and much more. Chapters provide
cutting-edge, up-to-date research findings on the use
of carbon-based materials in different application
fields and illustrate how to achieve significant
enhancements in physical, chemical, mechanical and
thermal properties. Demonstrates systematic
approaches and investigations from design, synthesis,
characterization and applications of nanocarbon
Page 18/25

Read PDF Fracture Mechanics By Prashant
Kumar Solution Manual
based composites Aims to compile information on the
various aspects of synthesis, properties and
applications of nano-carbon based materials Presents
a useful reference and technical guide for university
academics and postgraduate students (Masters and
Ph.D.)

Mechanics and Mechanisms of Fracture
This book deals with the most recent numerical
modeling of adhesive joints. Advances in damage
mechanics and extended finite element method are
described in the context of the Finite Element method
with examples of application. The book also
introduces the classical continuum mechanics and
fracture mechanics approach and discusses the
boundary element method and the finite difference
method with indication of the cases they are most
adapted to. At the moment there a no numerical
technique that can solve any problem and the analyst
needs to be aware of the limitations involved in each
case.

Elements of Fracture Mechanics
This best-selling textbook presents the concepts of
continuum mechanics, and the second edition
includes additional explanations, examples and
exercises.

Fracture Mechanics for Modern
Engineering Design
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BASIC Fracture Mechanics: Including an Introduction
to Fatigue discusses the fundamentals of fracture and
fatigue. The book presents a series of Beginner's Allpurpose Symbolic Instruction Code (BASIC) programs
that implement fracture and fatigue methods. The
first chapter reviews the BASIC, while the second
chapter covers elastic fracture. Chapter 3 deals with
the stress intensity factors. The book also tackles the
crack tip plasticity and covers crack growth. The last
chapter in the text discusses some applications in
fracture mechanics. The book will be of great use to
engineers who want to get acquainted with fracture
mechanics.

Contact Mechanics and Friction
Fracture Mechanics is an essential tool to evaluate
whether a component is likely to fil or not. This book
has been written in a simple and step-wise manner to
help readers familiarise with the basic and advanced
topics. Additionally it has over 185 illustrations to
further reinforce and simplify the learning process.
With this coverage, the book will be useful to
professionals and students of engineering.

Evolution of Phase Transitions
When asked to start teaching a course on engineering
fracture mechanics, I realized that a concise textbook,
giving a general oversight of the field, did not exist.
The explanation is undoubtedly that the subject is still
in a stage of early development, and that the
methodologies have still a very limited applicability. It
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is not possible to give rules for general application of
fracture mechanics concepts. Yet our comprehension
of cracking and fracture beha viour of materials and
structures is steadily increasing. Further
developments may be expected in the not too distant
future, enabling useful prediction of fracture safety
and fracture characteristics on the basis of advanced
fracture mechanics procedures. The user of such
advanced procedures m\lst have a general
understanding of the elementary concepts, which are
provided by this volume. Emphasis was placed on the
practical application of fracture mechanics, but it was
aimed to treat the subject in a way that may interest
both metallurgists and engineers. For the latter, some
general knowledge of fracture mechanisms and
fracture criteria is indispensable for an apprecia tion
of the limita tions of fracture mechanics. Therefore a
general discussion is provided on fracture
mechanisms, fracture criteria, and other metal
lurgical aspects, without going into much detail.
Numerous references are provided to enable a more
detailed study of these subjects which are still in a
stage of speculative treatment.

Finite Element Procedures
Fracture Mechanics
Harmony Search and Nature Inspired
Optimization Algorithms
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This book is intended to help the reader understand
impact phenomena as a focused application of
diverse topics such as rigid body dynamics, structural
dynamics, contact and continuum mechanics, shock
and vibration, wave propagation and material
modelling. It emphasizes the need for a proper
assessment of sophisticated
experimental/computational tools promoted widely in
contemporary design. A unique feature of the book is
its presentation of several examples and exercises to
aid further understanding of the physics and
mathematics of impact process from first principles,
in a way that is simple to follow.

Advances in Numerical Modeling of
Adhesive Joints
Computer Methods and Recent Advances in
Geomechanics contains the proceedings (abstracts
book 472 pages + full paper USB-drive 2052 pages) of
the 14th International Conference of the International
Association for Computer Methods and Advances in
Geomechanics (Kyoto, Japan, 22-25 September,
2014). The contributions cover computer methods,
material m

Proceedings of First International
Conference on Emerging Trends in
Mechanical Engineering
This application-oriented book introduces readers to
the associations and relationships between contact
mechanics and friction, providing them with a deeper
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understanding of tribology. It addresses the related
phenomena of contacts, adhesion, capillary forces,
friction, lubrication, and wear from a consistent point
of view. The author presents (1) methods for rough
estimates of tribological quantities, (2) simple and
general methods for analytical calculations, and (3)
the crossover into numerical simulation methods, the
goal being to convey a consistent view of tribological
processes at various scales of magnitude (from
nanotribology to earthquake research). The book also
explores the system dynamic aspects of tribological
systems, such as squeal and its suppression, as well
as other types of instabilities and spatial patterns. It
includes problems and worked-out solutions for the
respective chapters, giving readers ample opportunity
to apply the theory to practical situations and to
deepen their understanding of the material discussed.
The second edition has been extended with a more
detailed exposition of elastohydrodynamic lubrication,
an updated chapter on numerical simulation methods
in contact mechanics, a new section on fretting in the
chapter on wear, as well as numerous new exercises
and examples, which help to make the book an
excellent reference guide.

Micro and Smart Devices and Systems
Since the first edition published in 1991, this has been
one of the top-selling books in the field. The first and
second editions have been used as a required text in
over 100 universities worldwide and have become
indispensable reference for thousands of practising
engineers as well. The third edition reflects recent
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advances in the field, althoug

Computer Methods and Recent Advances
in Geomechanics
Fracture is a natural reaction of solids to relieve stress
and shed excess energy. The fragility of solids is a
constant threat to our survival as we drive over a
bridge, go through a tunnel, or even inside a building.
This book weaves together the essential concepts
underlying fracture mechanics.
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