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Preface to the Second Edition

Since this book was first published, durability of reinforced concrete structures
has continued to receive worldwide interest of materials scientists and designing
engineers. Although some of the open questions raised in the preface of the first
edition have found reasonable explanations in the past decade, others are still
unanswered and new issues have arisen. For example, the need for sustainability
has, on the one hand, increased the demand for durable structures and, on the
other hand, promoted the development and use of new materials with lower envi-
ronmental impact whose durability properties need to be verified. The increased
demand for maintaining large numbers of existing structures and prolonging their
service life poses technical and economical challenges of a larger scale. At the same
time, increased experience with regard to repair techniques and materials must
be incorporated in asset management on the scale of, for example, road networks.
Challenges for the next decade are science-based models for the prediction of
service life of new and existing structures and reliable accelerated tests that are
able to provide durability-related design parameters both for concrete (e.g., with
regard to resistance to carbonation or chloride penetration) and for steel (e.g.,
relating to the chloride threshold for corrosion initiation).

In the second edition of this book, all chapters have been revised and updated with
recent findings and new perspectives. The structure of the book has been main-
tained, so that it may serve as a reference for students and materials scientists, who
may learn from the explanation of corrosion and degradation mechanisms, as well
as people involved in the design, execution, and management of reinforced concrete
structures, who may concentrate on the parts of the book dealing with practical
aspects of assessment, monitoring, prevention, and protection techniques.

With this second edition we also have a new co-author, Elena Redaelli, but, sadly,
we lost Pietro Pedeferri, who passed away on 3 December 2008. Pietro strongly
wanted the first edition of this book, and he was the driving force for its realiza-
tion. He dedicated his life to the study of electrochemistry and corrosion science
and technology, making important contributions to several aspects of corrosion
and protection techniques, such as localized corrosion of stainless steels, cathodic
protection, corrosion in the human body, corrosion in the oil industry, surface
treatments of titanium, and corrosion and protection of steel in concrete. Corro-
sion of steel in concrete became a major field of interest for him in the 1980s.
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Preface to the Second Edition

Looking for a durable solution to prevent corrosion of reinforcing steel in motor-
way bridges exposed to chloride contamination due to de-icing salt application, he
proposed the technique of cathodic prevention, and in explaining the advantages of
cathodic prevention over cathodic protection, he developed the graph shown in
Figure 20.4, now internationally acknowledged as Pedeferri’s diagram. This graph
definitely expresses Pietro’s spirit as a researcher as well as a teacher, showing
that he was able to transfer in a simple, although rigorous, manner a complex
matter as the way of dealing with depassivation and repassivation of steel in
chloride-contaminated concrete. Pietro Pedeferri contributed to the understanding
of several mechanisms involved in the corrosion behavior of steel reinforcement
in concrete, and his knowledge permeates the whole book, even in this new
edition.

The front cover is a tribute to Pietro Pedeferri as an artist. In fact, he was able
to conjugate his research studies on the anodic oxidation of titanium with his
creativity, and he developed a unique technique for electrochemical painting of
titanium. Mixing acids, electrical currents, flow of liquids, and his poetic inspira-
tion, he generated beautiful and colorful drawings.

The Authors, January 2013



Preface to the First Edition

Over the millennia, concrete prepared by the Romans using lime, pozzolana and
aggregates has survived the elements, giving proof of its durability. Prestigious
concrete works have been handed down to us: buildings such as the Pantheon in
Rome, whose current structure was completed in 125 A.D., and also structures in
marine environments have survived for over two thousand years. This provides a
clear demonstration that concrete can be as durable as natural stone, provided that
specific causes of degradation, such as acids or sulphates, freeze-thaw cycles, or
reactive aggregates, are not present.

Today, thanks to progress made over the past few decades in the chemistry of
cement and in the technology of concrete, even these causes of deterioration can
be fought effectively. With an appropriate choice of materials and careful, ade-
quately controlled preparation and placement of the mixture, it is possible to
obtain concrete structures which will last in time, under a wide variety of operative
conditions.

The case of reinforced concrete is somewhat different. These structures are not
eternal, or nearly eternal, as was generally supposed up until the 1970s. Instead,
their service life is limited precisely because of the corrosion of reinforcement.
Actually, concrete provides the ideal environment for protecting embedded steel
because of its alkalinity. If the design of a structure, choice of materials, composi-
tion of the mixture, and placement, compaction and curing are carried out in
compliance with current standards, then concrete is, under most environmental
conditions, capable of providing protection beyond the 50 years typical of the
required service life of many ordinary structures, at least in temperate regions. In
fact, cases of corrosion that have been identified in numerous structures within
periods much shorter than those just mentioned can almost always be traced to
a failure to comply to current standards or to trivial errors in manufacturing of
the concrete. However, under environmental conditions of high aggressiveness
(generally related to the presence of chlorides), even concrete which has been
properly prepared and placed may lose its protective properties and allow corrosion
of reinforcement long before 50 years have elapsed, sometimes resulting in very
serious consequences.

The problem of corrosion in reinforced concrete structures is thus a very real
one and must be given special consideration. It is, in fact, only since the early
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Preface to the First Edition

1980s that research has devoted much attention to this problem. From those years
on main physiological aspects related to behaviour of steel in concrete, such as the
nature of the aqueous pore liquid present in the hardened concrete, the electro-
chemistry of steel in this environment, the mechanism of protection of steel by
an oxide film, etc. have been established. Passing to the pathological side, research
has explained the phenomenology and mechanisms of corrosion, established the
conditions which give rise to it and the laws governing its evolution, and developed
techniques for diagnosing and controlling it. In particular, it has been shown that
the only circumstances that can give rise to corrosion are those when both depas-
sivation occurs (e.g., due to carbonation or chlorides) and oxygen and humidity
are present.

Several points still need to be clarified. For example: the atlas of pathological
anatomy has been defined clearly with regard to corroding reinforcement, but
only sketchily in relation to the surrounding concrete; the body of diagnostics
allows the state of corrosion in a structure to be evaluated for the more common
forms of corrosion, but is still incomplete in the case of hydrogen embrittlement
in high-strength steels of prestressed structures or corrosion caused by stray
current; the handbook of anticorrosionistic pharmacology includes a long list of
methodologies of prevention (from inhibitors to coatings, to corrosion resistant
reinforcement, to electrochemical techniques); however, their long-term effects
or their possible negative side-effects are not always clearly known. Probably, the
greatest shortcomings have to do with the basic aspects of corrosion. For instance,
in the area of physiopathology: the species around the passive reinforcement in
concrete are known, but those around corroding reinforcement are not; the influ-
ence of species on the passivity or corrosion of steel is known in qualitative terms,
but very little is known of the entity of their interaction with the constituents of
cement paste, and thus of their mobility in electrical fields or in various concen-
tration gradients, in relation to the type of cement or to the characteristics of the
concrete, etc.

In the field of construction, notable progress has also been achieved: the problem
of corrosion, and more in general of the durability of structures in reinforced con-
crete, is very seriously taken into consideration; new laws are in place and new
technologies and products are available.

But the above must not lull us into a false sense of security. It is true that today
there is greater sensitivity to this problem, often being the subject of conferences,
seminars and publications. New rules and standards do exist, though they are
perceived as compulsory, being the result of legislation. Finally, new technologies
and sophisticated products are being adopted, for example in the field of repair of
structures damaged by corrosion. All these aspects do not, however, in themselves
eliminate the errors, often trivial, that are at the basis of most failures today, and
even less are they able to solve those cases where structures operate under condi-
tions of high aggressiveness. Substantial progress will be made, also with regard
to durability, only when our current technology, based on empiricism and common
sense, evolves into a technology based on a thorough knowledge of degradation
processes and of methods for their control.



Preface to the First Edition

Education, and thus teaching in particular, has a very important role to play, not
only by making professionals sensitive to the durability problem, but also by giving
them the tools necessary to solve it.

We hope that this text may be useful for those who work in the field of civil and
construction engineering, as well as for those involved in the area of maintenance
and management of reinforced concrete structures. Its aim is to provide the knowl-
edge, tools and methods to understand the phenomena of deterioration and to
prevent or control them. In some sections of the text, because of our professional
background, we have gone into details of some electrochemical aspects. These
explanations go beyond what is strictly required in civil and construction engineer-
ing and are not essential to an understanding of the other sections.

Finally, we wish to thank the European commissions that, by promoting the
cooperative actions COST 509, 521 and recently 534, gave to several European
researchers the opportunity to meet, collaborate and exchange views in the field
of corrosion of steel in concrete. This book was born from that cooperation. We
gratefully acknowledge all friends and colleagues on COST Actions, RILEM techni-
cal committees and European Federation of Corrosion working groups for provid-
ing data, papers and, most of all, for stimulating discussion.

The Authors, November 2003
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