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Modeling Damage, Fatigue and
Failure of Composite Materials
Elsevier Modelling Damage, Fatigue and Failure of Composite Materials
provides the latest research on the ﬁeld of composite materials, an area
that has attracted a wealth of research, with signiﬁcant interest in the
areas of damage, fatigue, and failure. The book is a comprehensive source
of physics-based models for the analysis of progressive and critical failure
phenomena in composite materials, and focuses on materials modeling,
while also reviewing treatments to give the reader thorough direction for
analyzing failure in composite structures. Part one of the book reviews the
damage development in composite materials such as generic damage and
damage accumulation in textile composites and under multiaxial loading,
while part two focuses on the modeling of failure mechanisms in composite
materials with attention given to ﬁbre/matrix cracking and debonding,
compression failure, and delamination fracture. Final sections examine the

2

modeling of damage and materials response in composite materials,
including micro-level and multi-scale approaches, the failure analysis of
composite materials and joints, and the applications of predictive failure
models. Examines current research in modeling damage, fatigue, and
failure of composite materials Provides a comprehensive source of physicsbased models for the analysis of progressive and critical failure
phenomena in composite materials Assesses the failure and life prediction
in composite materials Discusses the applications of predictive failure
models such as computational approaches to failure analysis

Damage and Failure of Composite
Materials
Cambridge University Press Understanding damage and failure of
composite materials is critical for reliable and cost-eﬀective engineering
design. Bringing together materials mechanics and modeling, this book
provides a complete guide to damage, fatigue and failure of composite
materials. Early chapters focus on the underlying principles governing
composite damage, reviewing basic equations and mechanics theory,
before describing mechanisms of damage such as cracking, breakage and
buckling. In subsequent chapters, the physical mechanisms underlying the
formation and progression of damage under mechanical loads are
described with ample experimental data, and micro- and macro-level
damage models are combined. Finally, fatigue of composite materials is
discussed using fatigue-life diagrams. While there is a special emphasis on
polymer matrix composites, metal and ceramic matrix composites are also
described. Outlining methods for more reliable design of composite
structures, this is a valuable resource for engineers and materials
scientists in industry and academia.

Damage and Failure of Composite
Materials
Understanding damage and failure of composite materials is critical for
reliable and cost-eﬀective engineering design. Bringing together materials
mechanics and modeling, this book provides a complete guide to damage,
fatigue and failure of composite materials. Early chapters focus on the
underlying principles governing composite damage, reviewing basic
equations and mechanics theory, before describing mechanisms of damage
such as cracking, breakage and buckling. In subsequent chapters, the
physical mechanisms underlying the formation and progression of damage
under mechanical loads are described with ample experimental data, and
micro- and macro-level damage models are combined. Finally, fatigue of
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composite materials is discussed using fatigue-life diagrams. While there is
a special emphasis on polymer matrix composites, metal and ceramic
matrix composites are also described. Outlining methods for more reliable
design of composite structures, this is a valuable resource for engineers
and materials scientists in industry and academia.

Fatigue of Composite Materials
Elsevier This book provides the ﬁrst comprehensive review of its kind on
the long-term behaviour of composite materials and structures subjected
to time variable mechanical, thermal, and chemical inﬂuences, a subject of
critical importance to the design, development, and certiﬁcation of high
performance engineering structures. Speciﬁc topics examined include
damage, damage characterization, and damage mechanics; fatigue testing
and evaluation; fatigue behaviour of short and long ﬁbre reinforced
polymer and metal matrix materials; viscoelastic and moisture eﬀects;
delamination; statistical considerations; the modeling of cumulative
damage development; and life prediction. The volume provides an
extensive presentation of data, discussions, and comparisons on the
behaviour of the major types of material systems in current use, as well as
extensive analysis and modeling (including the ﬁrst presentation of work
not found elsewhere). The book will be of special interest to engineers
concerned with reliability, maintainability, safety, certiﬁcation, and
damage tolerance; to materials developers concerned with making
materials for long-term service, especially under severe loads and
environments, and to lecturers, students, and researchers involved in
material system design, performance, solid mechanics, fatigue, durability,
and composite materials. The scope of the work extends from entry level
material to the frontiers of the subject.

Fatigue of Composite Materials-Damage Model and Life Prediction
Fatigue life prediction on composite materials is studied analytically using
degradation and damage models, resultant strains, and fatigue modulus.
Deﬁnition of fatigue modulus, new damage models using fatigue modulus
and resultant strain, and prediction of fatigue life of composite materials
using degradation and damage models are discussed. This approach can
predict accurately the multi-stress level fatigue life as well as single-stress
level fatigue life of composite materials. Fatigue life is predicted by the
following procedures: (1) establish the fatigue modulus degradation model,
(2) ﬁnd fatigue life equation as a function of fatigue modulus, (3) calculate
the fatigue life using strain failure criterion. Degradation models for
composite damage are generalized; the three-parameter degradation
model is found most suitable to predicting fatigue life of composites. Also
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the predicted two-stress level fatigue life using the proposed cumulative
damage models is reasonably close to the experimental data.

Composite Materials
Fatigue and Fracture
ASTM International Annotation Papers presented at the Fourth Symposium
on [title], held in Indianapolis, Indiana, May 1991, address topics in the
areas of strength and failure modes; damage--measurement, analysis, and
modeling; intralaminar and interlaminar fracture; micromechanics and
interfaces; fatigue of polymer matrix composites; and fatigue of ceramic
matrix, metal matrix, and specialty composites. Annotation copyright by
Book News, Inc., Portland, OR.

Mechanics of Composite, Hybrid
and Multifunctional Materials,
Fracture, Fatigue, Failure and
Damage Evolution, Volume 3
Proceedings of the 2021 Annual
Conference on Experimental and
Applied Mechanics
Springer Nature Mechanics of Composite, Hybrid, and Multifunctional
Materials, Fracture, Fatigue, Failure and Damage Evolution, Volume 3 of
the Proceedings of the 2021 SEM Annual Conference & Exposition on
Experimental and Applied Mechanics, the third volume of four from the
Conference, brings together contributions to this important area of
research and engineering. The collection presents early ﬁndings and case
studies on a wide range of areas, including: Recycled Constituent
Composites Damage Detection Advanced Imaging of Composites
Multifunctional Materials Composite Interfaces Tunable Composites Novel
Experimental Methods Extreme Environments Interfacial Fracture
Integration of Models & Experiments Mechanics of Energy & Energetic
Materials Integration of Models & Experiments In Situ Techniques for
Fatigue & Fracture Microscale & Microstructural Eﬀects on Mechanical
Behavior
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Applications of Continuum Damage
Mechanics to Fatigue and Fracture
ASTM International Contains papers from the May 1996 Symposium on
Applications of Continuum Damage Mechanics (CDM) to Fatigue and
Fracture. Papers in Section I deal with various aspects of modeling damage
in composite materials, such as high temperature environmental
degradation, fatigue, and viscous damage in metal a

Numerical Modelling of Failure in
Advanced Composite Materials
Woodhead Publishing Numerical Modelling of Failure in Advanced
Composite Materials comprehensively examines the most recent analysis
techniques for advanced composite materials. Advanced composite
materials are becoming increasingly important for lightweight design in
aerospace, wind energy, and mechanical and civil engineering. Essential
for exploiting their potential is the ability to reliably predict their
mechanical behaviour, particularly the onset and propagation of failure.
Part One investigates numerical modeling approaches to interlaminar
failure in advanced composite materials. Part Two considers numerical
modelling approaches to intralaminar failure. Part Three presents new and
emerging advanced numerical algorithms for modeling and simulation of
failure. Part Four closes by examining the various engineering and
scientiﬁc applications of numerical modeling for analysis of failure in
advanced composite materials, such as prediction of impact damage,
failure in textile composites, and fracture behavior in through-thickness
reinforced laminates. Examines the most recent analysis models for
advanced composite materials in a coherent and comprehensive manner
Investigates numerical modelling approaches to interlaminar failure and
intralaminar failure in advanced composite materials Reviews advanced
numerical algorithms for modeling and simulation of failure Examines
various engineering and scientiﬁc applications of numerical modelling for
analysis of failure in advanced composite materials

Fatigue of Materials at Very High
Numbers of Loading Cycles
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Experimental Techniques,
Mechanisms, Modeling and Fatigue
Life Assessment
Springer This book represents the ﬁnal reports of the scientiﬁc projects
funded within the DFG-SPP1466 and, hence, provides the reader with the
possibility to familiarize with the leading edge of VHCF research. It draws a
balance on the existing knowledge and its enhancement by the joint
research action of the priority program. Three diﬀerent material classes
are dealt with: structural metallic materials, long-ﬁber-reinforced polymers
and materials used in micro-electro-mechanical systems. The project topics
address the development of suitable experimental techniques for highfrequency testing and damage monitoring, the characterization of damage
mechanisms and damage evolution, the development of mechanism-based
models and the transfer of the obtained knowledge and understanding into
engineering regulations and applications.

Modeling of Static and Fatigue
Damage of Textile Organic Matrix
Composites
Wiley-Blackwell

Fracture, Fatigue, Failure and
Damage Evolution, Volume 7
Proceedings of the 2017 Annual
Conference on Experimental and
Applied Mechanics
Springer Fracture, Fatigue, Failure and Damage Evolution, Volume 7 of the
Proceedings of the 2017 SEM Annual Conference & Exposition on
Experimental and Applied Mechanics, the seventh volume of nine from the
Conference, brings together contributions to this important area of
research and engineering. Session organizers include: Jay Carroll, Shuman
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Xia, Allison Beese, Ryan Berke, Garrett Pataky, Samantha Daly, Kavan
Hazeli, Antonios Kontsos, Omer Ozgur Capraz, Scott Grutzik, Onome ScottEmaukpor The collection presents early ﬁndings and case studies on a wide
range of areas, including: Mechanics of Energy & Energetic Materials
Vibration Eﬀects in Fracture & Fatigue Fracture & Fatigue of Additively
Manufactured Materials In Situ Techniques for Fatigue & Fracture
Microscale & Microstructural Eﬀects on Mechanical Behavior Fracture &
Fatigue of Composites Integration & Validation of Models with Experiments
Fracture & Fatigue in Extreme Environments Novel Experimental Methods
for Fatigue and Fracture Fracture of Brittle & Ductile Materials Interfacial
Fracture

Fatigue in Composites
Science and Technology of the
Fatigue Response of FibreReinforced Plastics
Elsevier This major handbook is the ﬁrst authoritative survey of current
knowledge of fatigue behaviour of composites. It deals in detail with a
wide range of problems met by designers in the automotive, marine and
structural engineering industries. Compiled from the contributions of some
of the best-known researchers in the ﬁeld, it provides an invaluable,
practical and encyclopaedic handbook covering recent developments.
Comprehensively discusses the problems of fatigue in composites met by
designers in the aerospace, marine and structural engineering industries
Provides a general introduction on fatigue in composites before reviewing
current research on micromechanical aspects Analyses various types of
composites with respect to fatigue behaviour and testing and provides indepth coverage of life-prediction models for constant variable stresses

Design and Analysis of Composite
Structures for Automotive
Applications
Chassis and Drivetrain
Wiley A design reference for engineers developing composite components
for automotive chassis, suspension, and drivetrain applications This book
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provides a theoretical background for the development of elements of car
suspensions. It begins with a description of the elastic-kinematics of the
vehicle and closed form solutions for the vertical and lateral dynamics. It
evaluates the vertical, lateral, and roll stiﬀness of the vehicle, and explains
the necessity of the modelling of the vehicle stiﬀness. The composite
materials for the suspension and powertrain design are discussed and their
mechanical properties are provided. The book also looks at the basic
principles for the design optimization using composite materials and mass
reduction principles. Additionally, references and conclusions are
presented in each chapter. Design and Analysis of Composite Structures
for Automotive Applications: Chassis and Drivetrain oﬀers complete
coverage of chassis components made of composite materials and covers
elastokinematics and component compliances of vehicles. It looks at parts
made of composite materials such as stabilizer bars, wheels, half-axes,
springs, and semi-trail axles. The book also provides information on leaf
spring assembly for motor vehicles and motor vehicle springs comprising
composite materials. Covers the basic principles for the design
optimization using composite materials and mass reduction principles
Evaluates the vertical, lateral, and roll stiﬀness of the vehicle, and explains
the modelling of the vehicle stiﬀness Discusses the composite materials for
the suspension and powertrain design Features closed form solutions of
problems for car dynamics explained in details and illustrated pictorially
Design and Analysis of Composite Structures for Automotive Applications:
Chassis and Drivetrain is recommended primarily for engineers dealing
with suspension design and development, and those who graduated from
automotive or mechanical engineering courses in technical high school, or
in other higher engineering schools.

Fatigue Life Prediction of
Composites and Composite
Structures
Woodhead Publishing Fatigue Life Prediction of Composites and Composite
Structures, Second Edition, is a comprehensive review of fatigue damage
and fatigue life modeling and prediction methodologies for composites and
their use in practice. In this new edition, existing chapters are fully
updated, while new chapters are introduced to cover the most recent
developments in the ﬁeld. The use of composites is growing in structural
applications in many industries, including aerospace, marine, wind turbine
and civil engineering. However, there are uncertainties about their longterm performance, including performance issues relating to cyclic fatigue
loading that hinder the adoption of a commonly accepted credible fatigue
design methodology for the life prediction of composite engineering
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structures. With its distinguished editor and international team of
contributors, this book is a standard reference for industry professionals
and researchers alike. Examines past, present and future trends associated
with the fatigue life prediction of composite materials and structures
Assesses novel computational methods for fatigue life modeling and
prediction of composite materials under constant amplitude loading Covers
a wide range of techniques for predicting fatigue, including their
theoretical background and practical applications Addresses new topics
and covers contemporary research developments in the ﬁeld

Modeling the Eﬀect of Damage in
Composite Structures
Simpliﬁed Approaches
John Wiley & Sons Comprehensively covers new and existing methods for
the design and analysis of composites structures with damage present
Provides eﬃcient and accurate approaches for analysing structures with
holes and impact damage Introduces a new methodology for fatigue
analysis of composites Provides design guidelines, and step by step
descriptions of how to apply the methods, along with evaluation of their
accuracy and applicability Includes problems and exercises Accompanied
by a website hosting lecture slides and solutions

Fatigue of Textile and Short Fiber
Reinforced Composites
John Wiley & Sons This book covers several aspects of the fatigue behavior
of textile and short ﬁber reinforced composites. The ﬁrst part is dedicated
to 2D and 3D reinforced textile composites and includes a systematic
description of the damage evolution for quasi-static and tensile-tensile
fatigue loadings. Acoustic emissions and digital image correlation are
considered in order to detect the damage modes’ initiation and
development. The acoustic emission thresholds of the quasi-static loading
are connected to the “fatigue limit” of the materials with distinctions for
glass and carbon reinforcements. The second part is devoted to the fatigue
behavior of injection molded short ﬁber reinforced composites.
Experimental evidence highlights the dependence of their fatigue response
on various factors: ﬁber and matrix materials, ﬁber distribution,
environmental and loading conditions are described. A hybrid
(experimental/simulations) multi-scale method is presented, which
drastically reduces the amount of experimental data necessary for reliable
fatigue life predictions.
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European Workshop on Structural
Health Monitoring
EWSHM 2022 - Volume 2
Springer Nature This volume gathers the latest advances, innovations, and
applications in the ﬁeld of structural health monitoring (SHM) and more
broadly in the ﬁelds of smart materials and intelligent systems, as
presented by leading international researchers and engineers at the 10th
European Workshop on Structural Health Monitoring (EWSHM), held in
Palermo, Italy on July 4-7, 2022. The volume covers highly diverse topics,
including signal processing, smart sensors, autonomous systems, remote
sensing and support, UAV platforms for SHM, Internet of Things, Industry
4.0, and SHM for civil structures and infrastructures. The contributions,
which are published after a rigorous international peer-review process,
highlight numerous exciting ideas that will spur novel research directions
and foster multidisciplinary collaboration among diﬀerent specialists.

Polymer Composites in the
Aerospace Industry
Woodhead Publishing Polymer Composites in the Aerospace Industry,
Second Edition, summarizes the latest research and developments on the
design, manufacture and performance of composite components for
aerospace structures. Sections cover the modeling, structure and behavior
of 2D and 3D woven composites, the manufacture processes used for
composite materials and components, buckling and compressive strength
of laminates and manufacturing defects in composite materials, aspects of
composite performance in aerospace structural design, including chapters
on modeling stiﬀness and strength of structural elements, fatigue under
uniaxial and multiaxial loads, fracture mechanics, impact strength and
fatigue, crashworthiness, design and failure analysis of bolted joints, and
much more. This updated edition is an essential reference resource for
engineers, scientists and designers working in the development of
composite materials in aerospace applications. Presents detailed
discussions on the design, modeling and analysis of conventional and
advanced polymer composites used in aerospace applications Provides an
in-depth understanding of the performance parameters of aerospace
composites, such as strength, stiﬀness and fatigue, impact and blast
resistance Includes signiﬁcant developments that have occurred since 2015
(in production and manufacturing, fatigue modeling, test standards,
adhesive bonding and repair and service techniques) Features a brand new
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section on design applications, including helicopter components, ﬁxed wing
landing gear, aircraft wings and fuselage

Fatigue of Composite Materials
CRC Press Fatigue in Composites provides extensive contemporary
research on fatigue from internationally recognized researchers. Part I
introduces the concept, delivering a historical review of the fatigue
behavior of ﬁbre-reinforced plastics and illustrating fatigue test methods
and fatigue under multiaxial stress systems. Part II reviews current
research on micromechanical aspects, emphasizing long-term behavior,
interface performance, delamination and damage accumulation. Part III
covers the analysis and testing of fatigue behavior. Part IV details physical
, micromechanical, computational, statistical, and life-prediction models for
constant and variable stress. The ﬁnal sections oﬀer an overview of the
wide range of composite fatigue-related problems experienced by
engineers.

Creep and Fatigue in Polymer
Matrix Composites
Woodhead Publishing Creep and Fatigue in Polymer Matrix Composites,
Second Edition, updates the latest research in modeling and predicting
creep and fatigue in polymer matrix composites. The ﬁrst part of the book
reviews the modeling of viscoelastic and viscoplastic behavior as a way of
predicting performance and service life. Final sections discuss techniques
for modeling creep rupture and failure and how to test and predict longterm creep and fatigue in polymer matrix composites. Reviews the latest
research in modeling and predicting creep and fatigue in polymer matrix
composites Puts a speciﬁc focus on viscoelastic and viscoplastic modeling
Features the time-temperature-age superposition principle for predicting
long-term response Examines the creep rupture and damage interaction,
with a particular focus on time-dependent failure criteria for the lifetime
prediction of polymer matrix composite structures that are illustrated
using experimental cases

The Structural Integrity of Carbon
Fiber Composites
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Fifty Years of Progress and
Achievement of the Science,
Development, and Applications
Springer This book brings together a diverse compilation of interdisciplinary chapters on fundamental aspects of carbon ﬁber composite
materials and multi-functional composite structures: including synthesis,
characterization, and evaluation from the nano-structure to structure
meters in length. The content and focus of contributions under the
umbrella of structural integrity of composite materials embraces topics at
the forefront of composite materials science and technology, the
disciplines of mechanics, and development of a new predictive design
methodology of the safe operation of engineering structures from cradle to
grave. Multi-authored papers on multi-scale modelling of problems in
material design and predicting the safe performance of engineering
structure illustrate the inter-disciplinary nature of the subject. The book
examines topics such as Stochastic micro-mechanics theory and application
for advanced composite systems Construction of the evaluation process for
structural integrity of material and structure Nano- and meso-mechanics
modelling of structure evolution during the accumulation of damage
Statistical meso-mechanics of composite materials Hierarchical analysis
including "age-aware," high-ﬁdelity simulation and virtual mechanical
testing of composite structures right up to the point of failure. The volume
is ideal for scientists, engineers, and students interested in carbon ﬁber
composite materials, and other composite material systems.

Challenges in Mechanics of Time
Dependent Materials, Fracture,
Fatigue, Failure and Damage
Evolution, Volume 2
Proceedings of the 2019 Annual
Conference on Experimental and
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Applied Mechanics
Springer Nature Challenges in Mechanics of Time-Dependent Materials,
Volume 2 of the Proceedings of the 2019 SEM Annual Conference&
Exposition on Experimental and Applied Mechanics, the second volume of
six from the Conference, brings together contributions to this important
area of research and engineering. The collection presents early ﬁndings
and case studies on fundamental and applied aspects of Experimental
Mechanics, including papers in the following general technical research
areas: Characterization Across Length Scales Extreme Conditions &
Environmental Eﬀects Soft Materials and Biomaterials Damage, Fatigue
and Fracture Structure, Function and Performance Rate Eﬀects in
Elastomers Viscoelasticity & Viscoplasticity Research in Progress In-situ
Techniques and Microscale Eﬀects on Mechanical Behavior Fracture and
Fatigue in Brittle Materials Novel Experimental Methods Fatigue and
Fracture in Extreme Environments Integration of Models and Experiments
Failure in Elastomers and Gels Rate Eﬀects in Elastomers Microscale and
Microstructural Eﬀects on Mechanical Behavior Mechanics of Energy
Materials Additive Manufacturing: Fatigue and Fracture Mechanics of
Composite Materials Interfacial and Mixed-Mode Fracture Vibration Eﬀects
and High Cycle Fatigue

Modeling the Progressive Failure of
Laminated Composites with
Continuum Damage Mechanics
A continuum-damage-mechanics-based model is proposed for the analysis
of the progressive failure process in laminated composite structures. The
laminate's response is determined by nonlinear constitutive equations that
account for each type of matrix-dominated damage through strain-like
internal state variables. Evolution of these internal state variables is
governed by the damage-dependent ply-level stresses. The updated
damage state and the ply-level stresses are then employed in the localglobal evaluation of component failure. This model is incorporated into a
ﬁnite-element analysis code to facilitate the examination of structures with
spatially varying stress ﬁelds. The stress and damage distribution obtained
from the analysis at various points in the loading history provide
information about the progression of events leading to the failure of the
component. The progressive failure of fatigue-loaded rectangular crossplylaminated plates containing a centered circular cutout has been examined
with the model. Most of the predicted damage is localized in a region near
the cutout. Rather than propagating outward, the damage intensiﬁes in

13

14

this region until failure occurs. The feasibility of modeling the evolution of
each type of subcritical damage is demonstrated with the current
framework. This ability to simulate the progressive failure process at this
level of detail will assist in the design of safer and more eﬃcient composite
structures.

Shell Structures: Theory and
Applications Volume 4
Proceedings of the 11th
International Conference "Shell
Structures: Theory and
Applications, (SSTA 2017), October
11-13, 2017, Gdansk, Poland
CRC Press Shells are basic structural elements of modern technology and
everyday life. Examples of shell structures in technology include
automobile bodies, water and oil tanks, pipelines, silos, wind turbine
towers, and nanotubes. Nature is full of living shells such as leaves of
trees, blooming ﬂowers, seashells, cell membranes or wings of insects. In
the human body arteries, the eye shell, the diaphragm, the skin and the
pericardium are all shells as well. Shell Structures: Theory and
Applications, Volume 4 contains 132 contributions presented at the 11th
Conference on Shell Structures: Theory and Applications (Gdansk, Poland,
11-13 October 2017). The papers reﬂect a wide spectrum of scientiﬁc and
engineering problems from theoretical modelling through strength,
stability and dynamic behaviour, numerical analyses, biomechanic
applications up to engineering design of shell structures. Shell Structures:
Theory and Applications, Volume 4 will be of interest to academics,
researchers, designers and engineers dealing with modelling and analyses
of shell structures. It may also provide supplementary reading to graduate
students in Civil, Mechanical, Naval and Aerospace Engineering.

Damage Growth in Composite
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Bolted Joints
Static and fatigue failures of composite joints are dominated by the growth
and propagation of typical damages, up to some catastrophic condition.
Starting from experimental observations some typical damage propagation
patterns are identiﬁed and analyzed with simple models and ﬁnite element
schemes. This extension of the fracture mechanics approach, to a broader
class of damages allows some insight into the intricate behavior of FRP
joints, and gives some suggestion for interpreting and correlating
experimental data. Fatigue and failure of composite materials are still a
diﬃcult and intriguing problem, despite the large research eﬀort devoted
to them in the last years. This applies even more strongly to bolted joints,
where fatigue damage and static failure are likely to occur at lower load
levels and with more complicated patterns. These are several diﬀerent
reasons for this fact, the ﬁrst being the real intricacy of the complex
phenomena involved in composite failure, especially at a microscopic level.
But deﬁnitely, another reason has been the unsuccessful attempt to
transfer too literally the Fatigue and Fracture Mechanics approach, that
was successful for metals. (SDW).

Composite Materials
Fatigue and Fracture
ASTM International

Advanced Residual Strength
Degradation Rate Modeling for
Advanced Composite Structures
Volume 1. Task I: Preliminary
Screening
This report presents the results of the ﬁrst task of a three task program
directed at the study of relationship between damage propagation and
residual static strength of composite laminates. In Task 1: Preliminary
screening, two laminates a 24-Ply 67% 0 deg. ﬁber and a 32-Ply quasiisotropic laminate of T300/5208 graphite epoxy material were selected for
study. Two damage types were studied, a low velocity impact condition
(i.e., simulated tool drop) and a badly drilled hole. An initial study was
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conducted for each damage type to determine the detailed damage
introduction parameters resulting in the selection of one set of impact and
one set of poor drilling conditions. Baseline static tension and static
compression tests were conducted on each of the four damage/laminate
conditions. Stress vs life (S-N) fatigue data were then generated at range
ratio R=-1 for each of the four conditions. The damage growth
characteristics were monitored on each fatigue specimen using a modiﬁed
Holscan ultrasonic unit. A subset of the damaged hole specimens was also
evaluated in static compression and fatigue (R = -1) using TBE enhanced Xray methods to monitor damage growth and to assess any detrimental
eﬀect of TBE on subsequent behavior of the damage. The results indicate
signiﬁcant reduction in initial static tension and compression strengths for
the damaged hole condition in both laminates.

Mechanics of Fatigue
CRC Press Mechanics of Fatigue addresses the range of topics concerning
damage, fatigue, and fracture of engineering materials and structures. The
core of this resource builds upon the synthesis of micro- and macromechanics of fracture. In micromechanics, both the modeling of mechanical
phenomena on the level of material structure and the continuous approach
are based on the use of certain internal ﬁeld parameters characterizing the
dispersed micro-damage. This is referred to as continuum damage
mechanics. The author develops his own theory for macromechanics, called
analytical fracture mechanics. This term means the system cracked body loading or loading device - is considered as a mechanical system and the
tools of analytical (rational) mechanics are applied thoroughly to describe
crack propagation until the ﬁnal failure. Chapter discuss: preliminary
information on fatigue and engineering methods for design of machines
and structures against failures caused by fatigue fatigue crack nucleation,
including microstructural and continuous models theory of fatigue crack
propagation fatigue crack growth in linear elastic materials subject to
dispersed damage fatigue cracks in elasto-plastic material, including crack
growth retardation due to overloading as well as quasistationary
approximation fatigue and related phenomena in hereditary solids
application of the theory fatigue crack growth considering environmental
factors unidirectional ﬁber composites with ductile matrix and brittle,
initially continuous ﬁbers laminate composites Mechanics of Fatigue serves
students dealing with mechanical aspects of fatigue, conducting research
in fracture mechanics, structural safety, mechanics of composites, as well
as modern branches of mechanics of solids and structures.

Strength and Fatigue Life Modeling
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of Bonded Joints in Composite
Structure
The aerospace industry lacks a validated, practical analysis method for the
strength, durability, and damage tolerance evaluation of composite bonded
joints. This paper presents the results of a combined strength and fracture
analysis approach applied to typical bonded joint conﬁgurations found in
rotorcraft composite structures. The analysis uses detailed 2-D non-linear
ﬁnite element models of the local bondline. Strength-of-materials failure
criteria are used to predict critical damage initiation loads and locations. A
fracture mechanics approach is used to predict damage growth and failure
under static and cyclic loads based on test data for static fracture
toughness (GIc, GIIc) and crack growth rate (da/dN). Results are presented
from the application of the analysis approach to two joint conﬁgurations:
1) a skin-stiﬀener T-joint and; 2) a bonded repair lap joint. The results
show that the proposed approach can be used to predict critical failure
modes, damage initiation loads and locations, crack and/or delamination
stability, static strength, residual strength, and fatigue life. Discussion is
also included on how this approach can be applied in damage tolerance
evaluations of composite bonded joints.

Multi-Scale Continuum Mechanics
Modelling of Fibre-Reinforced
Polymer Composites
Woodhead Publishing Multi-scale modelling of composites is a very
relevant topic in composites science. This is illustrated by the numerous
sessions in the recent European and International Conferences on
Composite Materials, but also by the fast developments in multi-scale
modelling software tools, developed by large industrial players such as
Siemens (Virtual Material Characterization toolkit and MultiMechanics
virtual testing software), MSC/e-Xstream (Digimat software), Simulia
(micromechanics plug-in in Abaqus), HyperSizer (Multi-scale design of
composites), Altair (Altair Multiscale Designer) This book is intended to be
an ideal reference on the latest advances in multi-scale modelling of ﬁbrereinforced polymer composites, that is accessible for both (young)
researchers and end users of modelling software. We target three main
groups: This book aims at a complete introduction and overview of the
state-of-the-art in multi-scale modelling of composites in three axes: •
ranging from prediction of homogenized elastic properties to nonlinear
material behaviour • ranging from geometrical models for random packing
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of unidirectional ﬁbres over meso-scale geometries for textile composites
to orientation tensors for short ﬁbre composites • ranging from damage
modelling of unidirectionally reinforced composites over textile composites
to short ﬁbre-reinforced composites The book covers the three most
important scales in multi-scale modelling of composites: (i) micro-scale, (ii)
meso-scale and (iii) macro-scale. The nano-scale and related atomistic and
molecular modelling approaches are deliberately excluded, since the book
wants to focus on continuum mechanics and there are already a lot of
dedicated books about polymer nanocomposites. A strong focus is put on
physics-based damage modelling, in the sense that the chapters devote
attention to modelling the diﬀerent damage mechanisms (matrix cracking,
ﬁbre/matrix debonding, delamination, ﬁbre fracture,...) in such a way that
the underlying physics of the initiation and growth of these damage modes
is respected. The book also gives room to not only discuss the ﬁnite
element based approaches for multi-scale modelling, but also much faster
methods that are popular in industrial software, such as Mean Field
Homogenization methods (based on Mori-Tanaka and Eshelby solutions)
and variational methods (shear lag theory and more advanced theories).
Since the book targets a wide audience, the focus is put on the most
common numerical approaches that are used in multi-scale modelling. Very
specialized numerical methods like peridynamics modelling, Material Point
Method, eXtended Finite Element Method (XFEM), isogeometric analysis,
SPH (Smoothed Particle Hydrodynamics),... are excluded. Outline of the
book The book is divided in three large parts, well balanced with each a
similar number of chapters:

Advances in Damage Mechanics:
Metals and Metal Matrix
Composites
Elsevier This book provides in a single and uniﬁed volume a clear and
thorough presentation of the recent advances in continuum damage
mechanics for metals and metal matrix composites. Emphasis is placed on
the theoretical formulation of the diﬀerent constitutive models in this area,
but sections are added to demonstrate the applications of the theory. In
addition, some sections contain new material that has not appeared before
in the literature. The book is divided into three major parts: Part I deals
with the scalar formulation and is limited to the analysis of isotropic
damage in materials; Parts II and III deal with the tensor formulation and is
applied to general states of deformation and damage. The material
appearing in this text is limited to plastic deformation and damage in
ductile materials (e.g. metals and metal matrix composites) but excludes
many of the recent advances made in creep, brittle fracture, and
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temperature eﬀects since the authors feel that these topics require a
separate volume for this presentation. Furthermore, the applications
presented in this book are the simplest possible ones and are mainly based
on the uniaxial tension test.

Failure Analysis and Fractography
of Polymer Composites
Elsevier The growing use of polymer composites is leading to increasing
demand for fractographic expertise. Fractography is the study of fracture
surface morphologies and it gives an insight into damage and failure
mechanisms, underpinning the development of physically-based failure
criteria. In composites research it provides a crucial link between
predictive models and experimental observations. Finally, it is vital for
post-mortem analysis of failed or crashed polymer composite components,
the ﬁndings of which can be used to optimise future designs. Failure
analysis and fractography of polymer composites covers the following
topics: methodology and tools for failure analysis; ﬁbre-dominated failures;
delamination-dominated failures; fatigue failures; the inﬂuence of ﬁbre
architecture on failure; types of defect and damage; case studies of
failures due to overload and design deﬁciencies; case studies of failures
due to material and manufacturing defects; and case studies of failures
due to in-service factors. With its distinguished author, Failure analysis
and fractography of polymer composites is a standard reference text for
researchers working on damage and failure mechanisms in composites,
engineers characterising manufacturing and in-service defects in
composite structures, and investigators undertaking post-mortem failure
analysis of components. The book is aimed at both academic and industrial
users, speciﬁcally ﬁnal year and postgraduate engineering and materials
students researching composites and industry designers and engineers in
aerospace, civil, marine, power and transport applications. Examines the
study of fracture surface morphologies in uderstanding composite
structural behaviour Discusses composites research and post-modern
analysis of failed or crashed polymer composite components Provides an
overview of damage mechanisms, types of defect and failure criteria

Modeling Multilayer Damage in
Composite Laminates Under Static
and Fatigue Loading
The failure process in composite laminates under quasi-static or fatigue
tensile or thermal loading involves sequential accumulation of damage in
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the form of matrix cracking in the oﬀ-axis plies of the laminate, matrix
crack-induced local and edge delaminations, ﬁber-matrix debonding and
ﬁber breakage. Accurate prediction of the laminate strength and stiﬀness
response to damage must consider the above-mentioned damage
mechanisms. In this paper, a model is developed for the analysis of crossply laminates, damaged by transverse and longitudinal matrix cracks and
transverse and longitudinal delaminations growing along them. The model
is based on the Equivalent Constraint Model (ECM) of the damaged ply and
employs an improved 2-D shear lag method to determine the stress ﬁeld in
the damaged ply. The model is then applied to predict stiﬀness reduction
in T300/914 cross-ply laminates using experimentally observed damage
patterns under thermal fatigue loading.

Diﬀerential Continuum Damage
Mechanics Models for Creep and
Fatigue of Unidirectional Metal
Matrix Composites
Fracture, Fatigue, Failure, and
Damage Evolution, Volume 5
Proceedings of the 2014 Annual
Conference on Experimental and
Applied Mechanics
Springer Fracture, Fatigue, Failure and Damage Evolution, Volume 5:
Proceedings of the 2014 Annual Conference on Experimental and Applied
Mechanics, the ﬁfth volume of eight from the Conference, brings together
contributions to this important area of research and engineering. The
collection presents early ﬁndings and case studies on a wide range of
areas, including: Mixed Mode Fracture I: Emphasis on Modeling Mixed
Mode Fracture II: Emphasis on Experimental Measurements Full-Field
Measurements of Fracture Microscale & Microstructural Eﬀects on
Mechanical Behavior I: Nanoscale Eﬀects Microscale & Microstructural
Eﬀects on Mechanical Behavior II: MEMS Microscale & Microstructural
Eﬀects on Mechanical Behavior III: Microstructure Microscale &
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Microstructural Eﬀects on Mechanical Behavior IV: Shape Memory Alloys
Fracture & Fatigue of Composites Fracture & Fatigue for Engineering
Applications Wave-Based Techniques in Fracture & Fatigue I Wave-Based
Techniques in Fracture & Fatigue II: Acoustic Emissions

Advanced Residual Strength
Degradation Rate Modeling for
Advanced Composite Structures
Volume 3. Appendixes to Report for
Tasks II and III
This report presents the results of the ﬁrst task of the last two tasks of a
three-task program focusing on the study of relationship between damage
propagation and residual strength of graphite/epoxy laminates. Specimens
of two laminate types, a 32-ply quasi-isotropic and 24-ply 67%-0,
containing a centered poorly drilled hole were evaluated in this study.
Baseline static tension and compression tests were conducted at high and
low strain rates and at elevated temperature.

Failure Models for Textile
Composites
Createspace Independent Publishing Platform The goals of this
investigation were to: (1) identify mechanisms of failure and determine
how the architecture of reinforcing ﬁbers in 3D woven composites
controlled stiﬀness, strength, strain to failure, work of fracture, notch
sensitivity, and fatigue life; and (2) to model composite stiﬀness, strength,
and fatigue life. A total of 11 diﬀerent angle and orthogonal interlock
woven composites were examined. Composite properties depended on the
weave architecture, the tow size, and the spatial distributions and strength
of geometrical ﬂaws. Simple models were developed for elastic properties,
strength, and fatigue life. A more complicated stochastic model, called the
'Binary Model, ' was developed for damage tolerance and ultimate failure.
These 3D woven composites possessed an extraordinary combination of
strength, damage tolerance, and notch insensitivity. Cox, Brian Unspeciﬁed
Center EPOXY MATRIX COMPOSITES; FAILURE ANALYSIS; FIBER
ORIENTATION; FIBER VOLUME FRACTION; MATHEMATICAL MODELS;
MICROSTRUCTURE; THREE DIMENSIONAL COMPOSITES; WOVEN
COMPOSITES; CARBON FIBERS; COMPRESSION LOADS; COMPRESSIVE
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STRENGTH; DEFECTS; FATIGUE LIFE; FRACTURE STRENGTH; GLASS FIBERS;
NOTCH SENSITIVITY; STIFFNESS; STOCHASTIC PROCESSES; STRESS
DISTRIBUTION; TENSILE STRENGTH..

Brittle Fracture and Damage of
Brittle Materials and Composites
Statistical-Probabilistic Approaches
Elsevier Flaws are the principal source of fracture in many materials,
whether brittle or ductile, whether nearly homogeneous or composite.
They are introduced during either fabrication or surface preparation or
during exposure to aggressive environments (e. g. oxidation, shocks). The
critical ﬂaws act as stress concentrators and initiate cracks that propagate
instantaneously to failure in the absence of crack arrest phenomena as
encountered in brittle materials. This book explores those brittle materials
susceptible to crack arrest and the ﬂaws which initiate crack induced
damage. A detailed description of microstructural features covering
numerous brittle materials, including ceramics, glass, concrete, metals,
polymers and ceramic ﬁbers to help you develop your knowledge of
material fracture. Brittle Failure and Damage of Brittle Materials and
Composites outlines the technological progress in this ﬁeld and the need
for reliable systems with high performances to help you advance the
development of new structural materials, creating advantages of low
density, high resistance to elevated temperatures and aggressive
environments, and good mechanical properties. The eﬀects of ﬂaw
populations on fracture strength The main statistical-probabilistic
approaches to brittle fracture The use of these methods for predictions of
failure and eﬀects induced by ﬂaw populations The application of these
methods to component design The methods of estimation of statistical
parameters that deﬁne ﬂaw strength distributions The extension of these
approaches to damage and failure of continuous ﬁber reinforced ceramic
matrix composites

Fatigue of Textile Composites
Elsevier Fatigue of Textile Composites provides a current, state-of-art
review on recent investigations on the fatigue behavior of composite
materials, mainly those reinforced with textiles. As this particular group of
composite materials is extremely important for a wide variety of industrial
applications, including automotive, aeronautical, and marine, etc., mainly
due to their peculiarities and advantages with respect to unidirectional
laminated composites, the text presents comprehensive information on the
huge variety of interlacement geometric architectures that are suitable for
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a broad range of diﬀerent applications, their excellent drapability and
versatility, which is highly important for complex double-curvature shape
components and three-dimensional woven fabrics without plane
reinforcement, and their main mechanical characteristics which are
currently in high demand from industry. Presents the current state-of-theart investigations on fatigue behavior of composite materials, mainly those
reinforced with textiles Contains invaluable information pertaining to a
wide variety of industries, including automotive, aeronautical, and marine,
amongst others Provides comprehensive information on the huge variety of
interlacement geometric architectures that are suitable for a broad range
of diﬀerent applications
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