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Guide for the design and construction of structural concrete
reinforced with FRP bars Amer Society of Civil Engineers
TRB's National Cooperative Highway Research Program (NCHRP)
Report 655: Recommended Guide Specification for the Design of
Externally Bonded FRP Systems for Repair and Strengthening of
Concrete Bridge Elements examines a recommended guide
specification for the design of externally bonded Fiber-Reinforced
Polymer (FRP) systems for the repair and strengthening of concrete
bridge elements. The report addresses the design requirements for
members subjected to different loading conditions including flexure,
shear and torsion, and combined axial force and flexure. The
recommended guide specification is supplemented by design
examples to illustrate its use for different FRP strengthening
applications.
NCHRP Report 655 John Wiley & Sons
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.
FRP Composite Structures Elsevier
"MOP 104, Second Edition, provides updated best practices and
design recommendations for the use of fiber-reinforced polymer
(FRP) composite poles and cross-arms in conductor support
applications"--
Reinforced Concrete Design with FRP Composites
Elsevier
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
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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

Guide for the Design and Construction of Structural Concrete
Reinforced with FRP Bars CRC Press
This text teaches readers how to analyse and design with fiber
reinforced polymers (FRP) for civil engineering applications. It
demystifies FRP composites and demonstrates applications where
their properties make them ideal materials to consider off-shore
and waterfront structures, factories, and storage tanks.
Reinforced Concrete Design with FRP Composites Woodhead
Publishing
This chapter presents dozens of select environmental engineering
applications of fiber-reinforced polymer (FRP) composite materials
with emphasis on their environmental benefits, followed by discussions
on durability of composites. Significance of design codes and
specifications in promoting and advancing the applications of FRP
composites is addressed. With ever increasing attention toward a
sustainable built environment, FRP composites have potential to be
selected as a material of choice because of the performance and design
advantages of FRPs.
Design Guide for FRP Composite Connections CRC Press
TRB's National Cooperative Highway Research Program
(NCHRP) Report 655: Recommended Guide Specification for the
Design of Externally Bonded FRP Systems for Repair and
Strengthening of Concrete Bridge Elements examines a
recommended guide specification for the design of externally
bonded Fiber-Reinforced Polymer (FRP) systems for the repair
and strengthening of concrete bridge elements. The report
addresses the design requirements for members subjected to
different loading conditions including flexure, shear and torsion,
and combined axial force and flexure. The recommended guide
specification is supplemented by design examples to illustrate its
use for different FRP strengthening applications.
Innovative Bridge Design Handbook AASHTO
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
FRP Composites for Reinforced and Prestressed Concrete
Structures CRC Press
- Introduction - Design specification - Design process overview -
Design of composite - Structural design - Implementation - Tests -
Verification - Monitoring - References Reviews Fibre reinforced
polymer (FRP) composites have been used for many years in the
aircraft and shipbuilding industries. They are now being used in a
variety of construction applications where their light weight, high
strength, stiffness, durability, and ease of installation makes them
cost effective. This is particularly true in the repair and
rehabilitation of existing infrastructure. This book provides design
guidance on the use of fibre reinforced polymer composites, based
on the results of two major programmes funded by the DETR.
The book demonstrates that fibre reinforced polymer composites
can be used with complete confidence in structural applications.
Likewise, guidance is given on short-term and long-term
behaviour and how this can be interpreted within a factual design
situation. Also included are case studies of projects on the London
Underground network, alongside contributions from industry

research groups. FRP composites can offer a performance or cost
benefit over traditional solutions. As there are no official standards
for this type of work, this first attempt at producing design
recommendations will be a vital resource for structural engineers.
Quality Concrete, October 2001
Developments in fiber-reinforced polymer (FRP) composites for civil
engineering AASHTO
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 information necessary for designing concrete structures with
fiber reinforced polymer (FRP) composites as a substitute for steel
reinforcement and for using FRP fabrics to strengthen concrete
members. In a reader-friendly, design-oriented manner, this book
discusses the analysis, design, durability, and serviceability of concrete
members reinforced with FRP. The authors first introduce the
elements that constitute composites-the structural constituent and
matrix-and discuss how composites are manufactured. Following an
examination of the durability of FRP composites that contain fibers,
such as glass, carbon, or aramid, the book illustrates how FRP external
reinforcement systems (FRP-ER) can be used for enhancing the
strength and stiffness of concrete structures using theory and design
principles. The concluding chapter concentrates on serviceability
aspects of concrete members internally reinforced with FRP. An
excellent resource of design and construction practices, Reinforced
Concrete Design with FRP Composites is a state-of-the-art reference
on concrete members reinforced with FRP.
Provisional Design Guide in AASHTO Language for FRP Bridge
Strengthening CRC Press
"The technology for strengthening existing bridge structures using fiber
reinforced polymers (FRP) is well founded with many international
guides now available. However, the transfer of this technology to
bridge owners and practitioners has been slow in coming. There is a
need in the industry for a state adopted design code which will allow
bridge designers to economically and safely upgrade deficient bridge
structures. The overall purpose of this research project is to create a
document and design software which will allow bridge owners and
practitioners to strengthen existing bridges using FRP
materials."--Abstract, leaf iii.
Guide for the Design and Construction of Concrete Reinforced with
FRP Bars McGraw Hill Professional
The repair of deteriorated, damaged and substandard civil
infrastructures has become one of the most important issues for the civil
engineer worldwide. This important book discusses the use of
externally-bonded fibre-reinforced polymer (FRP) composites to
strengthen, rehabilitate and retrofit civil engineering structures,
covering such aspects as material behaviour, structural design and
quality assurance. The first three chapters of the book review
structurally-deficient civil engineering infrastructure, including
concrete, metallic, masonry and timber structures. FRP composites
used in rehabilitation and surface preparation of the component
materials are also reviewed. The next four chapters deal with the
design of FRP systems for the flexural and shear strengthening of
reinforced concrete (RC) beams and the strengthening of RC columns.
The following two chapters examine the strengthening of metallic and
masonry structures with FRP composites. The last four chapters of the
book are devoted to practical considerations in the flexural
strengthening of beams with unstressed and prestressed FRP plates,
durability of externally bonded FRP composite systems, quality
assurance and control, maintenance, repair, and case studies. With its
distinguished editors and international team of contributors,
Strengthening and rehabilitation of civil infrastructures using fibre-
reinforced polymer (FRP) composites is a valuable reference guide for
engineers, scientists and technical personnel in civil and structural
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engineering working on the rehabilitation and strengthening of the civil
infrastructure. Reviews the use of fibre-reinforced polymer (FRP)
composites in structurally damaged and sub-standard civil engineering
structures Examines the role and benefits of fibre-reinforced polymer
(FRP) composites in different types of structures such as masonry and
metallic strengthening Covers practical considerations including
material behaviour, structural design and quality assurance
Structural Design with FRP Materials Thomas Telford
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.
Analysis and Design of FRP Reinforced Concrete Structures Elsevier
The Most Complete FRP Reinforced Concrete Structure Analysis and
Design Guide This comprehensive reference provides proven design
procedures for the use of fiber-reinforced polymer (FRP) materials for
reinforcement, prestressing, and strengthening of reinforced concrete
structures. The characteristics of FRP composite materials as well as the
latest manufacturing techniques are discussed. Detailed illustrations and
tables, design equations, end-of-chapter problems, and real-world case
studies are included in this authoritative resource. Analysis and Design of
FRP Reinforced Concrete Structures covers: Material characteristics of FRP
bars History and uses of FRP technology Design of RC structures reinforced
with FRP bars Design philosophy for FRP external strengthening systems
Durability-based design approach for external FRP strengthening of RC
beams
ACI 440.1R-03 Butterworth-Heinemann
These guide specifications are intended for the repair and strengthening of
reinforced and pre-stressed highway bridge structures using externally
bonded fiber-reinforced polymer (FRP) composite systems. They supplement
the AASHTO LRFD Bridge Design Specifications.
Guide Design Specification for Bridge Temporary Works Elsevier
Corrosion-resistant, electromagnetic transparent and lightweight fiber-
reinforced polymers (FRPs) are accepted as valid alternatives to steel in
concrete reinforcement. Reinforced Concrete with FRP Bars: Mechanics and
Design, a technical guide based on the authors’ more than 30 years of
collective experience, provides principles, algorithms, and practical examples.

Well-illustrated with case studies on flexural and column-type members, the
book covers internal, non-prestressed FRP reinforcement. It assumes some
familiarity with reinforced concrete, and excludes prestressing and near-
surface mounted reinforcement applications. The text discusses FRP materials
properties, and addresses testing and quality control, durability, and
serviceability. It provides a historical overview, and emphasizes the ACI
technical literature along with other research worldwide. Includes an
explanation of the key physical mechanical properties of FRP bars and their
production methods Provides algorithms that govern design and detailing,
including a new formulation for the use of FRP bars in columns Offers a
justification for the development of strength reduction factors based on
reliability considerations Uses a two –story building solved in Mathcad�
that can become a template for real projects This book is mainly intended for
practitioners and focuses on the fundamentals of performance and design of
concrete members with FRP reinforcement and reinforcement detailing.
Graduate students and researchers can use it as a valuable resource. Antonio
Nanni is a professor at the University of Miami and the University of Naples
Federico II. Antonio De Luca and Hany Zadeh are consultant design
engineers.
Recommended Practice for Fiber-reinforced Polymer Products for
Overhead Utility Line Structures CRC Press
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.
Strengthening Design of Reinforced Concrete with FRP CRC Press
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
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increase. Besides its audience of design professionals, this book suits graduate
and advanced undergraduate students.
Advanced fibre-reinforced polymer (FRP) composites for structural
applications CRC Press
Glass fiber reinforced polymer (GFRP) materials have emerged as an
alternative material for producing reinforcing bars for concrete structures.
GFRP reinforcing bars offer advantages over steel reinforcement due to their
noncorrosive nature and nonconductive behavior. Due to other differences in
the physical and mechanical behavior of GFRP materials as opposed to steel,
unique guidance on the engineering and construction of concrete bridge
decks reinforced with GFRP bars is needed. These guide specifications offer a
description of the unique material properties of GFRP composite materials as
well as provisions for the design and construction of concrete bridge decks
and railings reinforced with GFRP reinforcing bars.
Rehabilitation of Concrete Structures with Fiber-Reinforced Polymer
Transportation Research Board
The use of fiber reinforced plastic (FRP) composites for prestressed and
non-prestressed concrete reinforcement has developed into a
technology with serious and substantial claims for the advancement of
construction materials and methods. Research and development is now
occurring worldwide. The 20 papers in this volume make a further
contribution in advancing knowledge and acceptance of FRP
composites for concrete reinforcement. The articles are divided into
three parts. Part I introduces FRP reinforcement for concrete
structures and describes general material properties and manufacturing
methods. Part II covers a three-continent perspective of current R&D,
design and code implementations, and technical organizations'
activities. Part III presents an in-depth description of commercially-
available products, construction methods, and applications. The work
is intended for engineers, researchers, and developers with the objective
of presenting them with a world-wide cross-section of initiatives,
representative products and significant applications.
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