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Composite Reinforced Concrete
Among all building materials, concrete is the most commonly used—and there is a staggering demand for it. However, as
we strive to build taller structures with improved seismic resistance or durable pavement with an indefinite service life, we
require materials with better performance than the conventional materials used today. Considering the enormous
investment in public infrastructure and society’s need to sustain it, the need for new and innovative materials for the
repair and rehabilitation of civil infrastructure becomes more evident. These improved properties may be defined in terms
of carbon footprint, life-cycle cost, durability, corrosion resistance, strength, ductility, and stiffness. Addressing recent
trends and future directions, Mechanics of Fiber and Textile Reinforced Cement Composites presents new opportunities
for developing innovative and cost-effective materials and techniques in cement and concrete composites manufacturing,
testing, and design. The book offers mathematical models, experimental results, and computational algorithms for
efficient designs with fiber and textile reinforced composite systems. It explores alternative solutions using blended
cements, innovative reinforcing systems, natural fibers, experimental characterization of key parameters used for design,
and optimized designs. Each chapter begins with a detailed introduction, supplies a thorough overview of the existing
literature, and sets forth the reasoning behind the experimentation and theory. Documenting the composite action of
fibers and textiles, the book develops and explains methods for manufacturing and testing cement composites. Methods
to design and analyze structures for reduced weight, increased durability, and minimization of cement use are also
examined. The book demonstrates that using a higher volume fraction of fiber systems can result in composites that are
quasi-elastic plastic. Speaking to the need to optimize structural performance and sustainability in construction, this
comprehensive and cohesive reference requires readers to rethink the traditional design and manufacturing of reinforced
concrete structures.
The subjects of the symposia are on composite materials with matrices behaving as brittle in normal or special
conditions. Brittle matrix composites are applied in various domains (civil engineering, mechanical equipment and
machinery, vehicles, etc.) and in the last decades their importance is increasing together with their variety. Papers
include: aggregate-binder composites (concretes, fibre concretes, rocks); sintered materials (ceramics); high strength
composites with brittle matrices. In principle, the general problems of structures made of composite materials are not
included in the papers. Various approaches to the material engineering problems are presented in the papers.
Strengthening of Concrete Structures Using Fiber Reinforced Polymers (FRP): Design, Construction and Practical
Applications presents a best practice guide on the structural design and strengthening of bridge structures using
advanced Fiber Reinforced Polymer (FRP) composites. The book briefly covers the basic concepts of FRP materials and
composite mechanics, while focusing on practical design and construction issues, including inspection and quality
control, paying special attention to the differences in various design codes (US, Japan, and Europe) and
recommendations. At present, several design guides from the US, Japan, and Europe are available. These guidelines
are often inconsistent and do not cover all necessary design and inspection issues to the same degree of detail. This
book provides a critical review and comparison of these guidelines, and then puts forward best practice
recommendations, filling a significant gap in the literature, and serving as an important resource for engineers, architects,
academics, and students interested in FRP materials and their structural applications. Written from a practitioner's point-
of-view, it is a valuable design book for structural engineers all over the world. Includes a large quantity of design
examples and structural software to facilitate learning and help readers perform routine design Provides
recommendations for best practices in design and construction for the strengthening of bridge structures using advanced
fiber-reinforced polymer (FRP) composites Presents comprehensive guidelines on design, inspection, and quality control,
including laboratory and field testing information
Fiber Reinforced Polymers are by no means new to this world. It is only because of our fascination with petrochemical
and non-petrochemical products that these wonderful materials exist. In fact, the polymers can be considered and used
in the construction and construction repair. The petrochemical polymers are of low cost and are used more that natural
materials. The Fiber Reinforced Polymers research is currently increasing and entails a quickly expanding field due to the
vast range of both traditional and special applications in accordance to their characteristics and properties. Fiber
Reinforced Polymers are related to the improvement of environmental parameters, consist of important areas of research
demonstrating high potential and particularly great interest, as civil construction and concrete repair.
The Ohio Department of Transportation has been evaluating the use of composite reinforcements to enhance the safety
margins in concrete deck bridges. A critical aspect of the retrofitting process is ensuring that the composite material
remains bonded to the concrete beams that are subjected to prolonged exposure to the elements. The goal of this
program was to select and demonstrate an appropriate nondestructive evaluation (NDE) technique for composite
reinforced structures. Thermography was chosen as the inspection technique because it has been well established within
the aerospace industry for the detection of flaws and damage within composite structures. A field-portable thermographic
technique was developed during this program. Two Coshocton County, Ohio bridges were inspected three times over a
two-year interval. The results of the program showed that IR thermography can be used to reliably detect and size
debonds with an area six square inches or greater in composite retrofit systems. The IR data has the potential to detect
and monitor debond growth. In the current set of data, no indications were noted that were longer than 1 ft. along the axis
of the beam and 6" across the width of the beam.
This book summarizes and simplifies the results of a considerable body of research and practical experience with a wide
range of fiber-reinforced cementitious composites.
Concrete is a global material that underwrites commercial wellbeing and social development. There is no substitute that
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can be used on the same engineering scale and its sustainability, expolitation and further development are imperatives to
creating and maintaing a healthy economy and environment worldwide. The pressure for change and improvement of
performance is relentless and necessary. Concrete must keep evolving to satisfy the increasing demands of all its users.
Cement-Based Composites takes a different approach from most other books in the field by viewing concrete as an
advanced composite material, and by considering the properties and behaviour of cement-based materials from this
stance. It deals particularly, but not exclusively, with newer forms of cement-based materials. This new edition takes a
critical approach to the subject as well as presenting up-to-date knowledge. Emphasis is given to non-conventional
reinforcement and design methods, problems at the materials' interfaces and to the durability of structures. High strength
composites and novel forms of cement-based composites are described in detail. After a basic introduction the book
explores the various components of these materials and their properties. It then deals with mechanical properties and
considers characteristics under various loading and environmental conditions, and concludes by examining design,
optimization and economics with particular emphasis on high-performance concretes. Researchers, graduate students
and practising engineers will find this book valuable.
Challenges, Opportunities and Solutions in Structural Engineering and Construction addresses the latest developments
in innovative and integrative technologies and solutions in structural engineering and construction, including: Concrete,
masonry, steel and composite structures; Dynamic impact and earthquake engineering; Bridges and
High Performance Fiber Reinforced Cement Composites (HPFRCC) represent a class of cement composites whose
stress-strain response in tension undergoes strain hardening behaviour accompanied by multiple cracking, leading to a
high strain prior to failure. The primary objective of this International Workshop was to provide a compendium of up-to-
date information on the most recent developments and research advances in the field of High Performance Fiber
Reinforced Cement Composites. Approximately 65 contributions from leading world experts are assembled in these
proceedings and provide an authoritative perspective on the subject. Special topics include fresh and hardening state
properties; self-compacting mixtures; mechanical behavior under compressive, tensile, and shear loading; structural
applications; impact, earthquake and fire resistance; durability issues; ultra-high performance fiber reinforced concrete;
and textile reinforced concrete. Target readers: graduate students, researchers, fiber producers, design engineers,
material scientists.
Advanced cementitious composites can be designed to have outstanding combinations of strength (five to ten times that
of conventional concrete) and energy absorption capacity (up to 1000 times that of plain concrete). This second edition
brings together in one volume the latest research developments in this rapidly expanding area. The book is split into two
parts. The first part is concerned with the mechanics of fibre reinforced brittle matrices and the implications for
cementitious systems. In the second part the authors describe the various types of fibre-cement composites, discussing
production processes, mechanical and physical properties, durability and applications. Two new chapters have been
added, covering fibre specification and structural applications. Fibre Reinforced Cementitious Composites will be of great
interest to practitioners involved in modern concrete technology and will also be of use to academics, researchers and
graduate students.
The book is a compilation of recent research results on building construction materials. Civil Engineers and Materials
Scientists from all over the world present their ideas for further material developments, the testing of structures and
solutions for in situ applications. Many of the innovations, composites and the design of existing material mixes,
especially for concrete, are discussed.
Fiber-reinforced polymer (FRP) composites have become an integral part of the construction industry because of their versatility, enhanced
durability and resistance to fatigue and corrosion, high strength-to-weight ratio, accelerated construction, and lower maintenance and life-
cycle costs. Advanced FRP composite materials are also emerging for a wide range of civil infrastructure applications. These include
everything from bridge decks, bridge strengthening and repairs, and seismic retrofit to marine waterfront structures and sustainable, energy-
efficient housing. The International Handbook of FRP Composites in Civil Engineering brings together a wealth of information on advances in
materials, techniques, practices, nondestructive testing, and structural health monitoring of FRP composites, specifically for civil
infrastructure. With a focus on professional applications, the handbook supplies design guidelines and standards of practice from around the
world. It also includes helpful design formulas, tables, and charts to provide immediate answers to common questions. Organized into seven
parts, the handbook covers: FRP fundamentals, including history, codes and standards, manufacturing, materials, mechanics, and life-cycle
costs Bridge deck applications and the critical topic of connection design for FRP structural members External reinforcement for rehabilitation,
including the strengthening of reinforced concrete, masonry, wood, and metallic structures FRP composites for the reinforcement of concrete
structures, including material characteristics, design procedures, and quality assurance–quality control (QA/QC) issues Hybrid FRP
composite systems, with an emphasis on design, construction, QA/QC, and repair Quality control, quality assurance, and evaluation using
nondestructive testing, and in-service monitoring using structural health monitoring of FRP composites, including smart composites that can
actively sense and respond to the environment and internal states FRP-related books, journals, conference proceedings, organizations, and
research sources Comprehensive yet concise, this is an invaluable reference for practicing engineers and construction professionals, as well
as researchers and students. It offers ready-to-use information on how FRP composites can be more effectively utilized in new construction,
repair and reconstruction, and architectural engineering.
The in situ rehabilitation or upgrading of reinforced concrete members using bonded steel plates is an effective, convenient and economic
method of improving structural performance. However, disadvantages inherent in the use of steel have stimulated research into the possibility
of using fibre reinforced polymer (FRP) materials in its place, providing a non-corrosive, more versatile strengthening system. This book
presents a detailed study of the flexural strengthening of reinforced and prestressed concrete members using fibre reinforces polymer
composite plates. It is based to a large extent on material developed or provided by the consortium which studied the technology of plate
bonding to upgrade structural units using carbon fibre / polymer composite materials. The research and trial tests were undertaken as part of
the ROBUST project, one of several ventures in the UK Government's DTI-LINK Structural Composites Programme. The book has been
designed for practising structural and civil engineers seeking to understand the principles and design technology of plate bonding, and for
final year undergraduate and postgraduate engineers studying the principles of highway and bridge engineering and structural engineering.
Detailed study of the flexural strengthening of reinforced and prestressed concrete members using fibre reinforced polymer composites
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Contains in-depth case histories
Although the use of composites has increased in many industrial, commercial, medical, and defense applications, there is a lack of technical
literature that examines composites in conjunction with concrete construction. Fulfilling the need for a comprehensive, explicit guide,
Reinforced Concrete Design with FRP Composites presents specific informat
Whilst most structures made using concrete and cement-based composites have not shown signs of premature degradation, there have been
notable exceptions. In addition, there is increasing pressure for new structures to remain in serviceable condition for long periods with only
minimal maintenance before being recycled. All these factors have highlighted the issues of what affects the durability of these materials in
different circumstances and how material properties can be measured and improved. Durability of concrete and cement composites
summarises key research on these important topics. After an introductory chapter, the book reviews the pore structure and chemistry of
cement-based materials, providing the foundation for understanding the particular aspects of degradation which are discussed in the following
chapters. These include dimensional stability and cracking processes, chemical and microbiological degradation of concrete, corrosion of
reinforcing and prestressing steels, deterioration associated with certain aggregates, effects of frost and problems involving fibre-reinforced
and polymer-cement composites. With its distinguished international team of contributors, Durability of concrete and cement composites is a
standard reference for all those concerned with improving the service life of structures using these materials. Analyses a range of materials
such as reinforced steel in concrete, pre-stressed concrete and cement composites Discusses key degradation phenomena such as cracking
processes and the impact of cold weather conditions A standard reference for those concerned with improving the service life of structures
using concrete and cement based composites
Textile reinforced concrete (TRC) has emerged in recent years as an attractive new high performance cement-based composite. Textiles can
significantly improve the mechanical behavior of cement matrices under static and dynamic conditions, and give superior tensile strength,
toughness, ductility, energy absorption and protection against environmental degrading influences. Flexibility with fabric production methods
enables the control of fabric and yarn geometry. This, along with the ability to incorporate into the fabric a range of yarns of different types
and performances, as well as cement matrix modifications, enables design of the composite to a wide range of needs. The book is intended
to provide a comprehensive treatment of TRC, covering the basic fundamentals of the composite material itself and the principles governing
its performance on a macro-scale as a component in a structure. It provides in-depth treatment of the fabric, methods for production of the
composite, the micro-mechanics with special attention to the role of bonding and microstructure, behavior under static and dynamic loading,
sustainability, design, and the applications of TRC composites.
This book deals with the analysis and behaviour of composite structural members that are made by joining a steel component to a concrete
component. The emphasis of the book is to impart a fundamental understanding of how composite structures work, so engineers develop a
feel for the behaviour of the structure, often missing when design is based solely by using codes of practice or by the direct application of
prescribed equations. It is not the object to provide quick design procedures for composite members, as these are more than adequately
covered by recourse to such aids as safe load tables. The subject should therefore be of interest to practising engineers, particularly if they
are involved in the design of non-standard or unusual composite structures for buildings and bridges, or are involved in assessing, upgrading,
strengthening or repairing existing composite structures. The fundamentals in composite construction are covered first, followed by more
advanced topics that include: behaviour of mechanical and rib shear connectors; local buckling; beams with few shear connectors; moment
redistribution and lateral-distortional buckling in continuous beams; longitudinal splitting; composite beams with service ducts; composite
profiled beams and profiled slabs; composite columns; and the fatigue design and assessment of composite bridge beams.
Strengthening Design of Reinforced Concrete with FRP establishes the art and science of strengthening design of reinforced
concrete with fiber-reinforced polymer (FRP) beyond the abstract nature of the design guidelines from Canada (ISIS Canada
2001), Europe (FIB Task Group 9.3 2001), and the United States (ACI 440.2R-08). Evolved from thorough class notes used to
teach a graduate course at Kansas State University, this comprehensive textbook: Addresses material characterization, flexural
strengthening of beams and slabs, shear strengthening of beams, and confinement strengthening of columns Discusses the
installation and inspection of FRP as externally bonded (EB) or near-surface-mounted (NSM) composite systems for concrete
members Contains shear design examples and design examples for each flexural failure mode independently, with comparisons to
actual experimental capacity Presents innovative design aids based on ACI 440 code provisions and hand calculations for
confinement design interaction diagrams of columns Includes extensive end-of-chapter questions, references for further study, and
a solutions manual with qualifying course adoption Delivering a detailed introduction to FRP strengthening design, Strengthening
Design of Reinforced Concrete with FRP offers a depth of coverage ideal for senior-level undergraduate, master’s-level, and
doctoral-level graduate civil engineering courses.
Cement-based materials have been used by humans nearly since the dawn of civilization. The Egyptians used lime and gypsum
cement to bind their aggregate materials, mud and straw, resulting in bricks that are used for building their famous Egyptian
pyramids (between 3000 and 2500 BC). Hydrated cement is a cement material bonded together with water and used for building
construction; it is characterized by acceptable chemical, physical, thermal, mechanical, and structural stability. It plays a main role
in the creation of vessels for storage, roads to travel on, weather-resistant structure for protection, inert hard stabilizer for
hazardous wastes, and so on. Due to the composition of these materials and their advantages, it has been practiced in different
applications. Cement is an essential component of making concrete, the single most prevalent building material used worldwide for
construction, skyscrapers, highways, tunnels, bridges, hydraulic dams, and railway ties. Besides their numerous desired
properties, there are some undesirable features. To overcome these disadvantages, several studies were established to prepare,
improve, and evaluate innovative cement-based materials. Despite its oldness and deep research, every year several methods
and materials evolve and so do cement technology. This book intends to provide a comprehensive overview on recent advances in
the evaluation of these materials.
Nonlinear Finite Element Analysis of Composite and Reinforced Concrete Beams presents advanced methods and techniques for
the analysis of composite and FRP reinforced concrete beams. The title introduces detailed numerical modeling methods and the
modeling of the structural behavior of composite beams, including critical interfacial bond-slip behavior. It covers a new family of
composite beam elements developed by the authors. Other sections cover nonlinear finite element analysis procedures and the
numerical modeling techniques used in commercial finite element software that will be of particular interest to engineers and
researchers executing numerical simulations. Gives advanced methods and techniques for the analysis of composite and fiber
Reinforced Plastic (FRP) and reinforced concrete beams Presents new composite beam elements developed by the authors
Introduces numerical techniques for the development of effective finite element models using commercial software Discusses the
critical issues encountered in structural analysis Maintains a clear focus on advanced numerical modeling
Composite steel-concrete structures are the dominant structural form in the construction of steel framed buildings. Steel framed
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buildings represent over half of the world market for multi-storey buildings. They are also one of the most attractive building forms
for meeting the new sustainability agendas of governments worldwide. Steel framed structures provide building owners with
greater flexibility and there are future moves to enable them to be made demountable. Demountability provides a particular
advantage over traditional reinforced and prestressed concrete structures which can prove highly problematic and hazardous
when decommissioned. This book highlights the rapid developments in the understanding of the behaviour and design of
composite-steel concrete structures, and links them to a range of international standards. It offers an in-depth treatment of the
fundamental behaviour and design of composite steel-concrete building structures incorporating beams, columns, joints, slabs and
systems. It also addresses the needs created by the increasing internationalisation of consulting engineering practices, as
structural engineers have to be adept in design provisions from more than their home nation, by tying the practical applications of
the basic methods to Australian, Chinese, European and United States standards.
This book analyses the current knowledge on structural behaviour of RC elements and structures strengthened with composite
materials (experimental, analytical and numerical approaches for EBR and NSM), particularly in relation to the above topics, and
the comparison of the predictions of the current available codes/recommendations/guidelines with selected experimental results.
The book shows possible critical issues (discrepancies, lacunae, relevant parameters, test procedures, etc.) related to current
code predictions or to evaluate their reliability, in order to develop more uniform methods and basic rules for design and control of
FRP strengthened RC structures. General problems/critical issues are clarified on the basis of the actual experiences, detect
discrepancies in existing codes, lacunae in knowledge and, concerning these identified subjects, provide proposals for
improvements. The book will help to contribute to promote and consolidate a more qualified and conscious approach towards
rehabilitation and strengthening existing RC structures with composites and their possible monitoring.
This Special Issue presents the latest advances in the field of Textile-Reinforced Cement Composites, including Textile-Reinforced
Concrete (TRC), Textile-Reinforced Mortar (TRM), Fabric-Reinforced Cementitious Matrix (FRCM), etc. These composite
materials distinguish themselves from other fibre-reinforced concrete materials by their strain-hardening behaviour under tensile
loading. This Special Issue is composed of 14 papers covering new insights in structural and material engineering. The papers
include investigations on the level of the fibre reinforcement system as well as on the level of the composites, investigating their
impact and fatigue behaviour, durability and fire behaviour. Both the strengthening of existing structures and the development of
new structural systems such as lightweight sandwich systems are presented, and analysis and design methods are discussed.
This Special Issue demonstrates the broadness and intensity of the ongoing advancements in the field of Textile-Reinforced
Cement composites and the importance of several future research directions.
High strength fibre composites (FRPs) have been used with civil structures since the 1980s, mostly in the repair, strengthening and retrofitting
of concrete structures. This has attracted considerable research, and the industry has expanded exponentially in the last decade. Design
guidelines have been developed by professional organizations in a number of countries including USA, Japan, Europe and China, but until
now designers have had no publication which provides practical guidance or accessible coverage of the fundamentals. This book fills this
void. It deals with the fundamentals of composites, and basic design principles, and provides step-by-step guidelines for design. Its main
theme is the repair and retrofit of un-reinforced, reinforced and prestressed concrete structures using carbon, glass and other high strength
fibre composites. In the case of beams, the focus is on their strengthening for flexure and shear or their stiffening. The main interest with
columns is the improvement of their ductility; and both strengthening and ductility improvement of un-reinforced structures are covered.
Methods for evaluating the strengthened structures are presented. Step by step procedures are set out, including flow charts, for the various
structural components, and design examples and practice problems are used to illustrate. As infrastructure ages worldwide, and its demolition
and replacement becomes less of an option, the need for repair and retrofit of existing facilities will increase. Besides its audience of design
professionals, this book suits graduate and advanced undergraduate students.
New Materials in Civil Engineering provides engineers and scientists with the tools and methods needed to meet the challenge of designing
and constructing more resilient and sustainable infrastructures. This book is a valuable guide to the properties, selection criteria, products,
applications, lifecycle and recyclability of advanced materials. It presents an A-to-Z approach to all types of materials, highlighting their key
performance properties, principal characteristics and applications. Traditional materials covered include concrete, soil, steel, timber, fly ash,
geosynthetic, fiber-reinforced concrete, smart materials, carbon fiber and reinforced polymers. In addition, the book covers nanotechnology
and biotechnology in the development of new materials. Covers a variety of materials, including fly ash, geosynthetic, fiber-reinforced
concrete, smart materials, carbon fiber reinforced polymer and waste materials Provides a “one-stop resource of information for the latest
materials and practical applications Includes a variety of different use case studies
This is a collection of ten extensive review chapters by different authors.
The use of fibrous materials in civil engineering, both as structural reinforcement and in non-structural applications such as geotextiles, is an
important and interesting development. Fibrous and composite materials for civil engineering applications analyses the types and properties
of fibrous textile and structures and their applications in reinforcement and civil engineering. Part one introduces different types of fibrous
textiles and structures. Chapters cover the properties of natural and man-made fibres and of yarns, as well as an overview of textile
structures. Part two focuses on fibrous material use in concrete reinforcement, with chapters on the properties and applications of steel fibre
reinforced concrete, natural fibre reinforced concrete and the role of fibre reinforcement in mitigating shrinkage cracks. In part three, the
applications of fibrous material-based composites in civil engineering are covered. Chapters concentrate on production techniques and
applications such as reinforcement of internal structures, structural health monitoring and textile materials in architectural membranes. With
its distinguished editor and international team of contributors, Fibrous and composite materials for civil engineering applications is a standard
reference for fabric and composite manufacturers, civil engineers and professionals, as well as academics with a research interest in this
field. Explores the development of fibrous materials in civil engineering, both as structural reinforcement and in non-structural applications
such as geotextiles Key topics include short fibre reinforced concrete, natural fibre reinforced concrete and high performance fibre reinforced
cementitious composites A standard reference for fabric and composite manufacturers, civil engineers and professionals, as well as
academics with a research interest in this field
Among all building materials, concrete is the most commonly used-and there is a staggering demand for it. However, as we strive to build
taller structures with improved seismic resistance or durable pavement with an indefinite service life, we require materials with better
performance than the conventional materials used today. Considering the enor
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