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In December 1996, CEB established a Task Group with the main objective to elaborate
design guidelines for the use of FRP reinforcement in accordance with the design
format of the CEB-FIP Model Code and Eurocode2. With the merger of CEB and FIP
into fib in June 1998, this Task Group became fib TG 9.3 FRP Reinforcement for
concrete structures in Commission 9 Reinforcing and Prestressing Materials and
Systems. Finally, as a result of the restructuring of fib’s Commissions and Task Groups
at the end of 2014, the Task Group became fib T5.1 FRP Reinforcement for concrete
structures, chaired by Stijn Matthys at Ghent University, in Commission 5
Reinforcements. The work of former TG 9.3 and current T5.1 was performed by two
working parties (WP), one of which is “Externally Applied Reinforcement” (EAR), which
produced fib bulletin 14 “Externally bonded FRP reinforcement for RC structures” in
July 2001. Following a number of years of relatively slow activity, the WP on externally
applied reinforcement was reactivated and started working on an update of bulletin 14.
The result of this work is summarised in the present technical report, which aims to give
design guidelines on the use of externally applied FRP reinforcement (both externally
bonded and near-surface mounted) for concrete structures. An attempt has been made
to present some of the topics in a Eurocode-compatible format, so that the material
covered may form the basis for the introduction of composites in the next version of
Eurocode 2 and for the updating of the text on seismic retrofitting with composites in the
next version of Eurocode 8. All persons who participated in the preparation of this
Bulletin are mentioned in the copyright page. Further acknowledgements are due to
Josée Bastien (Canada), Hans Rudolf Ganz (Switzerland) and Luc Taerwe (Belgium)
for revision of the document. To all members of the working party on externally applied
reinforcement our sincere thanks are expressed for the high quality and extensive work
brought in on a voluntary basis.
fib Model Code 2010 represents the state-of-the-art of code-type models for structural
behaviour of concrete. It comprises constitutive relations and material models together
with the most important explanatory notes. However the underlying normative work, i.e.
the fundamental data as well as the considerations and discussions behind the
formulas could not be given within the Model Code text. Based on various experiences
gained after the publication of Model Code 1990 this lacking background information
will lead in the following to numerous questions arising from Model Code users.
Consequently the present bulletin claims to conquer this general weakness of codes in
a way to guard against any future misunderstandings of the Model Code 2010 related
to its chapter 5.1 (Concrete). It discusses the given formulas in connection with
experimental data and the most important international literature. The constitutive
relations or material models, being included in MC1990 and forming the basis and point
of origin of the Task Group’s work, were critically evaluated, if necessary and possible
adjusted, or replaced by completely new approaches. Major criteria have been the
physical and thermodynamical soundness as well as practical considerations like
simplicity and operationality. This state-of-the-art report is intended for practicizing
engineers as well as for researchers and represents a comprehensible summary of the
relevant knowledge available to the members of the fib Task Group 8.7 at the time of its
drafting. Besides the fact that the bulletin is a background document for Chapter 5.1 of
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MC2010, it will provide an important foundation for the development of future
generations of code-type models related to the characteristics and the behaviour of
structural concrete. Further it will offer insights into the complexity of the normative work
related to concrete modelling, leading to a better understanding and adequate
appreciation of MC2010.
This highly successful textbook has been comprehensively revised for two main
reasons: to bring the book up-to-date and make it compatible with BS8110 1985; and to
take into account the increasing use made of microcomputers in civil engineering. An
important chapter on microcomputer applications has been added.
This classic and essential work has been thoroughly revised and updated in line with
the requirements of new codes and standards which have been introduced in recent
years, including the new Eurocode as well as up-to-date British Standards. It provides a
general introduction along with details of analysis and design of a wide range of
structures and examination of design according to British and then European Codes.
Highly illustrated with numerous line diagrams, tables and worked examples,
Reynolds's Reinforced Concrete Designer's Handbook is a unique resource providing
comprehensive guidance that enables the engineer to analyze and design reinforced
concrete buildings, bridges, retaining walls, and containment structures. Written for
structural engineers, contractors, consulting engineers, local and health authorities, and
utilities, this is also excellent for civil and architecture departments in universities and
FE colleges.
Civil engineering failures currently amount to 5 to 10 % of the total investment in new
buildings and structures. These failures not only represent important cost
considerations, they also have an environmental burden associated with them.
Structures often deteriorate because not enough attention is given during the design
stage and most standards for structural design do not cover design for service life.
Designing for durability is often left to the structural designer or architect who may not
have the necessary skills, and the result is all too often failure, incurring high
maintenance and repair costs. Knowledge of the long-term behaviour of materials,
building components and structures is the basis for avoiding these failures. Durability of
engineering structures uses on the design of buildings for service life, effective
maintenance and repair techniques in order to reduce the likelihood of failure. It
describes the in situ performance of all the major man-made materials used in civil
engineering construction - metals (steel and aluminium), concrete and wood. In addition
some relatively new high-performance materials are discussed - high-performance
concrete, high-performance steel and fibre-reinforced polymers (FRP). Deterioration
mechanisms and the measures to counteract these, as well as subsequent
maintenance and repair techniques are also considered and the latest standards on
durability and repair are explained. Strategies for durability, maintenance and repair,
including life cycle costing and environmental life cycle assessment methods are
discussed. Finally practical case studies show how repairs can be made and the best
ways of ensuring long term durability. This book is aimed at students in civil
engineering, engineers, architects, contractors, plant managers, maintenance
managers and inspection engineers. Explains the reasons why structures often
deteriorate before they should because of poor design Shows how to design structures
effectively for service life Considers durability characteristics of standard and high
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performance construction materials
The present doctoral thesis was developed within the framework of the research project
"Deformation Capacity of Structural Concrete". This project aims at developing a
consistent and experimentally verified theory of the deformation capacity of structural
concrete. Previous work included the development of a theoretical model, the so-called
Tension Chord Model, which allows a comprehensive description of the load-deforma
tion behaviour of tension members in non-prestressed and prestressed concrete struc
tures. The present work focuses on a new theoretical model, the so-called Cracked
Mem brane Model. For members subjected to in-plane forces this new model combines
the ba sic concepts of the modified compression field theory and the tension chord
model. Crack spacings and tension stiffening effects in cracked membranes are
determined from first principles and the link to plasticity theory methods is maintained
since equilibrium conditions are formulated in terms of stresses at the cracks rather
than average stresses between the cracks. The research project "Deformation Capacity
of Structural Concrete" has been funded by the Swiss National Science Foundation and
the Association of the Swiss Cement Pro ducers. This support is gratefully
acknowledged. Zurich, July 1998 Prof. Dr. Peter Marti Abstract This thesis aims at
contributing to a better understanding of the load-carrying and defor mational behaviour
of structural concrete subjected to in-plane shear and normal forces.
This practical book from a highly experienced author presents clearly the means and
methods for designing, producing and using high-strength concrete. High-strength
concrete offers many benefits. Higher compressive strengths allow for a reduction in
the cross-sectional dimensions of columns and walls in buildings. Its greater stiffness
allows for increasing building heights while controlling sway and occupant comfort. Civil
structures such as bridges have benefited from greater span lengths, shallower beam
sections, wider girder spacing, and extended service life. Illustrated with real life
examples, through documented case histories, High-Strength Concrete will be a
valuable resource for contractors, producers, inspection agencies, as well as engineers
and researchers.
Providing both an introduction to basic concepts and an in-depth treatment of the most
up-to-date methods for the design and analysis of concrete of structures, "Design of
Prestressed Concrete" will service the needs of both students and professional
engineers.
This work discusses the variations that occur in the strength of concrete and presents
numerical methods useful in interpreting these variations. Individual chapters include
the relationship between composition and strength of concrete.
Prestressed Concrete provides a comprehensive coverage of the theoretical and
practical aspects of the subject and includes the latest developments in the field of
prestressed concrete construction. It incorporates the latest Indian Standard
specifications and codes regulating prestressed concrete construction. The book
introduces the properties of the materials and prestressing systems used in the PSC
construction. Topics discussed on analysis of PSC sections for flexure, deflection,
shear and torsion. In addition to this, analysis and design of various prestress concrete
elements such as continuous beams, composite sections, one way slabs, two way
slabs, flat slabs, grid floors, compression members, tension members, pipes, piles and
tanks are discussed. Analysis and design of various PSC structures such as bridges,
Page 3/6

Get Free Notes On Concrete Durability Chapter Welcome To
sleepers, pavements and poles are also covered. Construction techniques are well
illustrated through numerous figures and a number of illustrative examples. Objective
questions illustrated are quite useful for those appearing for competative examinations.
The content of this book serve the needs of both students and professionals.
Essentials of Offshore Structures: Framed and Gravity Platforms examines the engineering
ideas and offshore drilling platforms for exploration and production. This book offers a clear
and acceptable demonstration of both the theory and application of the relevant procedures of
structural, fluid, and geotechnical mechanics to offshore structures. It
Describes several bridging concepts, which were developed and successfully applied during
the author's forty years of close involvement with UK and international bridge design,
construction, maintenance and research. The concepts mainly apply to the small/medium span
range of bridges and viaducts.
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 fibrereinforced 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
This book is concerned with the long term durability of concrete as a structural material as
used in the construction of buildings, bridges, roads, marine and civil engineering structures. It
discusses the fundamental reasons for the deterioration of concrete over time and available
techniques for detecting, remedying and preventing the deteriorati
Construction Materials is a comprehensive textbook covering all raw materials and products
related to the construction processes, and not only those applied to building structures. The
book is organized to help readers achieve competent knowledge about construction materials.
At the beginning of the book the author offers the general concepts, definitions, and standards
adopted worldwide for these materials to be used along the book. The central part of the text
covers the primary construction materials required to manufacture concrete and mortars, the
most relevant construction materials in the last century. Expressly, concrete and mortar are
treated in detail in dedicated chapters per component. In addition, the author addresses other
relevant materials in construction such as ceramic materials, metals and alloys, bituminous
materials, and geosynthetic materials. Finally, since the construction industry is one of the
largest single waste producing sector in the world, the last chapter outlines the main types and
characteristics of construction and demolition waste (e.g. recycled aggregates). The book
appeals to students but also professionals interested in construction materials and construction
and civil engineering.

Revised and updated, this second edition of Cathodic Protection of Steel in Concrete
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and Masonry covers both reinforced concrete and masonry structures, describes in
detail the overall design factors involved in cathodic protection (CP), and also provides
a theoretical basis for why it works. It refers to the new European standard EN 12696
for cath
EN 1994-2 is one standard of the Eurocode suite & describes the principles &
requirements for safety, serviceability & durability of composite steel & concrete
bridges. This guide provides the user with guidance on the interpretation & use of EN
1994-2 through worked examples in relation to the general rules & the rules for bridges.
Comprehensive coverage of durability of concrete at both material and structural levels,
with design related issues Links two active fields in materials science and structural
engineering: the durability processes of concrete materials and design methods of
concrete structures Facilitates communication between the two communities, helping to
implement life-cycle concepts into future design methods of concrete structures
Presents state-of-the-art information on the deterioration mechanism and performance
evolution of structural concrete under environmental actions and the design methods
for durability of concrete structures Provides efficient support and practical tools for lifecycle oriented structural design which has been widely recognized as a new generation
of design philosophy for engineering structures The author has long experience working
with the topic and the materials presented have been part of the author's current
teaching course of Durability and Assessment of Engineering Structures for graduate
students at Tsinghua University The design methods and approaches for durability of
concrete structures are developed from newly finished high level research projects and
have been employed as recommended provisions in design code including Chinese
Code and Eurocode 2
This comprehensive design guide summarizes current developments in the design of
concrete pavements. Following an overview of the theory involved, the authors detail
optimum design techniques and best practice, with a focus on highway and
infrastructure projects. Worked examples and calculations are provided to describe
standard design methods, illustrated with numerous case studies. The author provides
guidance on how to use each method on particular projects, with reference to UK,
European and US standards and codes of practice. Concrete Pavement Design
Guidance Notes is an essential handbook for civil engineers, consultants and
contractors involved in the design and construction of concrete pavements, and will
also be of interest to students of pavement design.
The second edition of the Structural Concrete Textbook is an extensive revision that
reflects advances in knowledge and technology over the past decade. It was prepared
in the intermediate period from the CEP-FIP Model Code 1990 (MC90) tofib Model
Code 2010 (MC2010), and as such incorporates a significant amount of information that
has been already finalized for MC2010, while keeping some material from MC90 that
was not yet modified considerably. The objective of the Textbook is to give detailed
information on a wide range of concrete engineering from selection of appropriate
structural system and also materials, through design and execution and finally
behaviour in use. The revised fib Structural Concrete Textbook covers the following
main topics: phases of design process, conceptual design, short and long term
properties of conventional concrete (including creep, shrinkage, fatigue and
temperature influences), special types of concretes (such as self compacting concrete,
Page 5/6

Get Free Notes On Concrete Durability Chapter Welcome To
architectural concrete, fibre reinforced concrete, high and ultra high performance
concrete), properties of reinforcing and prestressing materials, bond, tension stiffening,
moment-curvature, confining effect, dowel action, aggregate interlock; structural
analysis (with or without time dependent effects), definition of limit states, control of
cracking and deformations, design for moment, shear or torsion, buckling, fatigue,
anchorages, splices, detailing; design for durability (including service life design
aspects, deterioration mechanisms, modelling of deterioration mechanisms,
environmental influences, influences of design and execution on durability); fire design
(including changes in material and structural properties, spalling, degree of
deterioration), member design (linear members and slabs with reinforcement layout,
deep beams); management, assessment, maintenance, repair (including, conservation
strategies, risk management, types of interventions) as well as aspects of execution
(quality assurance), formwork and curing. The updated Textbook provides the basics of
material and structural behaviour and the fundamental knowledge needed for the
design, assessment or retrofitting of concrete structures. It will be essential reading
material for graduate students in the field of structural concrete, and also assist
designers and consultants in understanding the background to the rules they apply in
their practice. Furthermore, it should prove particularly valuable to users of the new
editions of Eurocode 2 for concrete buildings, bridges and container structures, which
are based only partly on MC90 and partly on more recent knowledge which was not
included in the 1999 edition of the Textbook.
So far in the twenty-first century, there have been many developments in our
understanding of materials’ behaviour and in their technology and use. This new
edition has been expanded to cover recent developments such as the use of glass as a
structural material. It also now examines the contribution that material selection makes
to sustainable construction practice, considering the availability of raw materials,
production, recycling and reuse, which all contribute to the life cycle assessment of
structures. As well as being brought up-to-date with current usage and performance
standards, each section now also contains an extra chapter on recycling. Covers the
following materials: metals concrete ceramics (including bricks and masonry) polymers
fibre composites bituminous materials timber glass. This new edition maintains our
familiar and accessible format, starting with fundamental principles and continuing with
a section on each of the major groups of materials. It gives you a clear and
comprehensive perspective on the whole range of materials used in modern
construction. A must have for Civil and Structural engineering students, and for
students of architecture, surveying or construction on courses which require an
understanding of materials.
Thoroughly revised and updated, the third edition of this popular textbook continues to
provide a comprehensive coverage of the main construction materials for
undergraduate students of civil engineering and construction related courses. It creates
an understanding of materials and how they perform through a knowledge of their
chemical and physical
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