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new applications for composite materials are being developed at a rapid pace however their
complex microstructures present considerable challenges for nondestructive testing and
characterization ultrasonic waves provide quantitative means of nondestructive evaluation
of these materials and structures for this purpose it is necessary to obtain

requiring no advanced knowledge of wave propagation an introduction to metamaterials
and  waves  in  composites  focuses  on  theoretical  aspects  of  metamaterials  periodic
composites and layered composites the book gives novices a platform from which they can
start exploring the subject in more detail  after introducing concepts related to elasticity
acoustics and electrodynamics in media the text presents plane wave solutions to the
equations that describe elastic acoustic and electromagnetic waves it examines the plane
wave expansion of sources as well as scattering from curved interfaces specifically spheres
and  cylinders  the  author  then  covers  electrodynamic  acoustic  and  elastodynamic
metamaterials he also describes examples of transformations aspects of acoustic cloaking
and applications of pentamode materials to acoustic cloaking with a focus on periodic
composites  the  text  uses  the  bloch  floquet  theorem  to  find  the  effective  behavior  of
composites in the quasistatic limit presents the quasistatic equations of elastodynamic and
electromagnetic  waves  and  investigates  brillouin  zones  and  band  gaps  in  periodic
structures the final chapter discusses wave propagation in smoothly varying layered media
anisotropic  density  of  a  periodic  layered  medium  and  quasistatic  homogenization  of
laminates  this  book  provides  a  launch  pad  for  research  into  elastic  and  acoustic
metamaterials many of the ideas presented have yet to be realized experimentally the book
encourages readers to explore these ideas and bring them to technological maturity

new applications for composite materials are being developed at a rapid pace however their
complex microstructures present considerable challenges for nondestructive testing and
characterization ultrasonic waves provide quantitative means of nondestructive evaluation
of these materials and structures for this purpose it is necessary to obtain

stress vibration and wave analysis in aerospace composites shm and nde applications
presents a unified approach to studying and understanding stress vibrations and waves in
composite materials used in aerospace applications combining topics that are typically
found across an array of various sources the book starts by looking at the properties of
various composite materials progresses to coverage of an analysis of stress vibration and
waves and then concludes with a discussion of various structural health monitoring shm
and nondestructive evaluation nde techniques and applications based on the analysis
developed earlier in the book every chapter of the book contains a variety of worked out
examples  to  illustrate  and  tie  together  underlying  theory  and  specific  applications  the
matlab code used to generate these examples is available on the book s companion
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website as are solution documents and additional matlab code for problems and exercises
featured in each chapter presents a comprehensive treatment of aerospace composites
starting with composite material properties and then covering an analysis of stress vibration
and waves and culminating with shm and nde applications provides an understanding of
the use and application of stress vibration and waves to detect composite damage and
monitor growth features an array of worked out examples problems and exercises includes
access to a companion website that features matlab codes for worked out examples along
with problems exercises and their solutions

the book focuses especially on the application of shm technology to thin walled structural
systems made from carbon fiber reinforced plastics here guided elastic waves lamb waves
show an excellent sensitivity to structural damages so that they are in the center of this
book  it  is  divided  into  4  sections  dealing  with  analytical  numerical  and  experimental
fundamentals and subsequently with lamb wave propagation in fiber reinforced composites
shm systems and signal processing the book is designed for engineering students as well
as for researchers in the field of structural health monitoring and for users of this technology

recent advances in the study of the dynamic behavior of layered materials in general and
laminated  fibrous  composites  in  particular  are  presented  in  this  book  the  need  to
understand the microstructural behavior of such classes of materials has brought a new
challenge to existing analytical tools this book explores the fundamental question of how
mechanical waves propagate and interact with layered anisotropic media the chapters are
organized in a logical sequence depending upon the complexity of the physical model and
its mathematical treatment

the  methodology  to  nondestructively  evaluate  both  qualitatively  and  quantitatively  the
characteristics and properties of composite materials is explored the methods are based on
amplitude measurements and frequency decomposition of ultrasonic waveforms

this  book  is  a  collection  of  selected  reviewed  papers  that  were  presented  at  the
international union of theoretical and applied mechanics symposium mechanical waves for
composite structures characterization the symposium took place june 14 17 2000 in chania
crete greece as is customary iutam symposia proceedings are published in the series solid
mechanics and its applications by kluwer academic publishers i am indebted to professor g
m l gladwell who is the series editor i would also like to take this opportunity to express my
sincere gratitude to professor m a hayes the secretary general of the international union of
theoretical  and applied mechanics and a member ofthe symposium s scientific committee
his constant encouragement and support made the symposium not only possible but also
successful  to  the success also contributed all  the members of  the symposium s scientific
committee which i had the honor to chair i express my appreciation to each one of them
who are professor j d achenbach northwestern university evanston illinois usa professor m
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a hayes university  college dublin ireland professor k j  langenberg university  of  kassel
germany professor a k mal university of california los angeles usa professor x markenscoff
university of california san diego usa professor s nair illinois institute of technology chicago
usa professor r w ogden university of glasgow uk professor g

physical  ultrasonics of  composites is  a rigorous introduction to  the characterization of
composite materials by means of ultrasonic waves composites are treated here not simply
as uniform media but as inhomogeneous layered anisotropic media with internal structure
characteristic of composite laminates the objective here is to concentrate on exposing the
singular behavior of ultrasonic waves as they interact with layered anisotropic materials
materials which incorporate those structural elements typical of composite laminates this
book provides a synergistic description of both modeling and experimental methods in
addressing wave propagation phenomena and composite property measurements after a
brief  review  of  basic  composite  mechanics  a  thorough  treatment  of  ultrasonics  in
anisotropic  media  is  presented  along  with  composite  characterization  methods  the
interaction of ultrasonic waves at interfaces of anisotropic materials is discussed as are
guided waves in composite plates and rods waves in layered media are developed from the
standpoint  of  the  stiffness  matrix  a  major  advance  over  the  conventional  potentially
unstable transfer matrix approach laminated plates are treated both with the stiffness matrix
and  using  floquet  analysis  the  important  influence  on  the  received  electronic  signals  in
ultrasonic materials characterization from transducer geometry and placement are carefully
exposed in a dedicated chapter ultrasonic wave interactions are especially susceptible to
such  influences  because  ultrasonic  transducers  are  seldom  more  than  a  dozen  or  so
wavelengths in diameter the book ends with a chapter devoted to the emerging field of air
coupled ultrasonics this new technology has come of age with the development of purpose
built  transducers  and  electronics  and  is  finding  ever  wider  applications  particularly  in  the
characterization of composite laminates

this unique book is dedicated to the application of self consistent methods to the solution of
static and dynamic problems of the mechanics and physics of composite materials the
effective elastic electric dielectric thermo conductive and other properties of composite
materials reinforced by ellipsoidal  spherical  multi  layered inclusions thin hard and soft
inclusions short fibers and unidirected multi layered fibers are considered the book contains
many concrete results

in  the  last  few  decades  there  has  been  tremendous  activity  surrounding  composite
materials a matrix material in which is embedded a reinforcement material modern high
performance composites have revolutionized recent technology as new composites are
designed along with the structures they will become part of these engineered materials are
an ever increasing percentage of materials used in a variety of roles this book focuses on
experimental  methods that  improve the understanding of  the mechanics  of  composite
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materials  experiments  are  a  critical  means  of  material  characterization  and  damage
detection and are always evolving these papers  present  a  window onto the world  of
experimental methods for mechanical testing of composites for individuals who wish to fully
encounter that world
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