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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

given such advantages as low weight compared to strength and toughness laminated
composites are now used in a wide range of applications their increasing use has
underlined the need to understand their principal mode of failure delamination this
important book reviews key research in understanding and preventing delamination the first
part of the book reviews general issues such as the role of fracture mechanics in
understanding delamination design issues and ways of testing delamination resistance part
two describes techniques for detecting and characterising delamination such as piezoelectric
sensors the use of lamb waves and acoustic emission techniques the next two sections of
the book discuss ways of studying and modelling delamination behaviour the final part of
the book reviews research on delamination behaviour in particular conditions such as shell
and sandwich structures z pin bridging and resin bonding with its distinguished editor and
international team of contributors delamination behaviour of composites is a standard
reference for all those researching laminated composites and using them in such diverse
applications as microelectronics aerospace marine automotive and civil engineering reviews
the role of fracture mechanics in understanding delamination design issues and ways of
testing delamination resistance discuss ways of studying and modelling delamination
behaviour  a  standard  reference  for  all  those  researching  laminated  composites

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



An Introduction To Metamaterials And Waves In Composites

3 An Introduction To Metamaterials And Waves In Composites

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
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

lamb waves are guided waves that propagate in thin plate or shell structures there has
been a clear increase of interest in using lamb waves for identifying structural damage
entailing intensive research and development in this field over the past two decades now
on the verge of maturity for diverse engineering applications this emerging technique serves
as an encouraging candidate for facilitating continuous and automated surveillance of the
integrity of engineering structures in a cost effective manner in comparison with
conventional nondestructive evaluation techniques such as ultrasonic scanning and
radiography which have been well developed over half a century damage identification
using lamb waves is in a stage of burgeoning development presenting a number of
technical challenges in application that need to be addressed and circumvented it is these
two aspects that have encouraged us to write this book with the intention of consolidating
the knowledge and know how in the field of lamb wave based damage identification and of
promoting widespread attention to mature application of this technique in the practical
engineering sphere this book provides a comprehensive description of key facets of damage
identification technique using lamb waves based on the authors knowledge comprehension
and experience ranging from fundamental theory through case studies to engineering
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applications

structural health monitoring shm in composite structures is crucial for safety increased
lifespan and cost efficiency with early damage detection the book introduces the reader to
composite materials basic concepts terminology design concepts for composite materials
structures composite manufacturing fabrication and processing it explains the mechanics
behavior of composite materials shm in composite structures theory and artificial
intelligence algorithms in shm including machine learning deep learning and artificial neural
networks the book describes the capability of non destructive testing ndt techniques for
shm characteristics of piezoelectric sensors for shm and lamb wave technique based shm
and include case studies of shm of composite structures such as composite pipelines plates
using ndt different methods integrated with artificial intelligence algorithms

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

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
b o o k  i t  i s  d i v i d e d  i n t o  4  s e c t i o n s  d e a l i n g  w i t h  a n a l y t i c a l  n u m e r i c a l  a n d  e x p e r i m e n t a l
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

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

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
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