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Preface

Worldwide, civil infrastructure is facing challenges of critical dimensions.
On the one hand, the demands placed on infrastructure components and
systems are increasing due to higher densities of population in urban areas
and greater need for the faster and more efficient conveyance of goods and
service from one point to another while, on the other hand, our existing
infrastructure is aging (with a significant portion either beyond its service
life or close to it) or functionally deficient in that it is unable to meet the
demands currently being placed on it because of design limitations. As with
all structures, the materials used in construction also deteriorate over time
further increasing the limitations and causing concerns not just in terms of
functionality of use, but also in terms of safety.

Among all infrastructure systems, those related to transportation
infrastructure, especially roadways and networks, have drawn significant
attention over the past two decades. In the US alone, the American Society
of Civil Engineers in its 2013 Report Card for America’s Infrastructure'
stated that ‘Over two hundred million trips are taken daily across deficient
bridges in the nation’s 102 largest metropolitan regions. In total, one in nine
of the nation’s bridges is rated as structurally deficient, while the average
age of the nation’s 607 380 bridges is currently 42 years. The Federal Highway
Administration (FHWA) estimates that to eliminate the nation’s bridge
backlog by 2028, we would need to invest $20.5 billion annually, while only
$12.8 billion is being spent currently.’ The state of bridges and allied
transportation infrastructure in Europe is no different, and is perhaps worse
in South East Asia where tremendous construction activity took place in
the early part of the latter half of the last century.

While significant attention has been paid to the challenges related to the
rehabilitation of structural concrete used in bridges and affiliated
infrastructure components and systems, attention has not been as focused
on metallic and steel components although in many cases these are both

'ASCE 2013 Report Card for America’s Infrastructure, http://www.infrastructurereportcard.
org/a/#p/home.
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more prevalent and older in age. While traditional methods of repair, such
as bolting and riveting of additional strengthening sections and welding of
others, can be used, they all suffer from two primary deficiencies in that the
rehabilitation itself adds significant weight to the already under-capacity
component or system, and that the technique is either not as reliable as
needed, or takes too long (resulting in elongated periods of closure) or in
itself causes further distress albeit in terms of different performance metrics
(such as the addition of deleterious residual stresses initiated by welding).

Fiber-reinforced polymer (FRP) composites provide significant
opportunities for the rehabilitation of metallic infrastructure components
and systems and have attracted significant attention recently due to the ease
of use in the field, light weight and ability to match both configuration and
performance characteristics. It should be noted that,although the application
of FRP composites to civil infrastructure is relatively new, the materials
have along, and successful, history of use in the naval/marine and aerospace
sectors, where they have been used extensively both for the purpose of
rapid repair in the field and for the extension of service life. There is, thus,
asignificant body of knowledge that is available for use in civil infrastructure
based on application in other areas and it behooves us to take advantage
of this rather than ‘reinventing the wheel.’

Based on the increasing need for the development of a rapid, low weight
technique for the rehabilitation of metallic infrastructure, especially as
related to bridge components and systems, there has been a significant
interest in the fields of research and field application of FRP materials for
the rehabilitation of metallic components and systems. In a large number
of cases,the FRP composites have been based on carbon fiber reinforcements
due to the need for stiffness matching but, in some cases, the use of glass
fibers can provide significant advantages. This volume provides an
introduction to the overall topic, focusing on specific areas of interest and
application, and should thus be considered as providing a synopsis of the
topic rather than a comprehensive overview. For ease of reference and use
it is divided into four parts.

Part I consists of a general introduction to materials and systems aspects
(Chapter 1), a summary of the use of FRP for rehabilitation in the acrospace
sector (Chapter 2), adhesive bonding (Chapter 3), and issues related to
durability (Chapter 4). Chapter 2, specifically, provides a broad overview of
the use of FRP composites in repair of metallic airframe components, an
area that is now considered mature with a long history of successful use in
the field. It is hoped that the inclusion of this chapter will serve two primary
purposes — first to show that the technique can be implemented successfully
even in areas where factors of safety are significantly lower than those in
civil infrastructure, and second to assist in cross-fertilization between areas



