
        
            [image: cover]
        

    

 









Methods
for Protecting Steel
Reinforcement





























































Dr. Mohamed Abdallah
El-Reedy

Consultant Engineer
and Instructor


























2019 by Mohamed A. El-Reedy

No claim to original U.S.
Government works

This book contains information
obtained from authentic and highly regarded sources. Reasonable
efforts have been made to publish reliable data and information,
but the author and publisher cannot assume responsibility for the
validity of all materials or the consequences of their use. The
authors and publishers have attempted to trace the copyright
holders of all material reproduced in this publication and
apologize to copyright holders if permission to publish in this
form has not been obtained. If any copyright material has not been
acknowledged, please write and let us know so we may rectify in any
future reprint.

Except as permitted under U.S.
Copyright Law, no part of this book may be reprinted, reproduced,
transmitted, or utilized in any form by any electronic, mechanical,
or other means, now known or hereafter invented, including
photocopying, microfilming, and recording, or in any information
storage or retrieval system, without written permission from the
author.

For permission to photocopy or use
material electronically from this work, please access
www.copyright. com (http://www.copyright.com/) or contact the
Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive,
Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit
organization that provides licenses and registration for a variety
of users. For organizations that have been granted a photocopy
license by the CCC,a separate system of payment has been
arranged.

Welcome to visit our website

http://www.elreedyman.com





















The Author






Mohamed A. El-Reedy’s background is
in structural engineering. His main area of research is the
reliability of concrete and steel structures. He has provided
consulting to different engineering companies and oil and gas
industries in Egypt and to international companies such as the
International Egyptian Oil Company (IEOC) and British Petroleum
(BP). Moreover, he provides different concrete and steel structure
design packages for residential buildings, warehouses, and
telecommunication towers and electrical projects with WorleyParsons
Egypt. He has participated in Liquefied Natural Gas (LNG) and
Natural Gas Liquid (NGL) projects with international engineering
firms. Currently, Dr. El-Reedy is responsible for reliability,
inspection, and maintenance strategy for onshore concrete
structures and offshore steel structure platforms. He has performed
these tasks for hundreds of structures in the Gulf of Suez in the
Red Sea.

Dr. El-Reedy has consulted with and
trained executives at many organizations, including the Arabian
American Oil Company (ARAMCO), bp, Apachi, Abu Dhabi Marine
Operating Company (ADMA), the Abu Dhabi National Oil Company, and
King Saudi’s Interior ministry, Qatar Telecom, the Egyptian General
Petroleum Corporation, Saudi Arabia Basic Industries Corporation
(SAPIC), the Kuwait Petroleum Corporation, and Qatar Petrochemical
Company (QAPCO). He has taught technical courses about repair and
maintenance for reinforced concrete structures and the advanced
materials in concrete industry worldwide, especially in the Middle
East.

Dr. El-Reedy has written numerous
publications and has presented many papers at local and
international conferences sponsored by the American Society of
Civil Engineers, the American Society of Mechanical Engineers, the
American Concrete Institute, the American Society for Testing and
Materials, and the American Petroleum Institute. He has published
many research papers in international technical journals and has
authored four books about total quality management, quality
management and quality assurance, economic management for
engineering projects, and repair and protection of reinforced
concrete structures. He received his bachelor’s degree from Cairo
University in 1990, his master’s degree in 1995, and his Ph.D from
Cairo University in 2000.

















Preface


The main problems on the concrete
structure and presence of cracks is due to corrosion, There will be
series of books cover all about steel bars corrosion and up to date
way of protection and mitigation. This book present the types of
corrosion and the characteristics of its types. The environmental
condition that affect the corrosion shall be discussed. On the end,
there are a reference for further reading and to be consider for
any technical thesis.
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The minimum requirements in various
codes are often insufficient to ensure long-term durability of
reinforced concrete in severe exposures such as found in marine
splash zones, bridges and parking structures where de-icing salts
are applied.

In addition to that, some of the
newer structures (such as commercial buildings and condominiums)
built in marine areas, but are not in the splash zones, are
experiencing corrosion problems due to airborne chlorides.
Furthermore, marine structures in the warmer climates prevalent in
the Middle East , Singapore, Hong Kong , South Florida, etc. are
especially vulnerable due to the high temperatures , which not only
increase the rate of chloride ingress, but also the corrosion rate
once the process is initiated.

In this section a brief description
of supplemental corrosion protection measures is given for
structures especially at risk. Good-quality concrete as described
in the next chapters is considered the primary protection method,
but various combinations of this with supplements are necessary to
reach the desired design life of the structure.

One of the most effective means to
increase corrosion protection is to extend the time until chloride
or a carbonation front reaches the steel reinforcement. The minimum
codes requirements are allowing the use of concrete with w/c less
than 0.45 and concrete cover thickness more than 38 mm are totally
inadequate for the structures and environmental conditions outlined
above if a design life of 40 or more years is specified. In many
applications, designs complying with minimum code requirements
would not provide as little as 10 years of repair-free service.

Precaution is better than cure this
statement is famous and it is a very good expression can describe
the protection of the reinforced concrete structure as protected
concrete structure is more easy and less expensive than repair. The
reason of that the cost of repair and renovate the reinforced
concrete buildings for some member is very expensive such as in
case of foundation repair.

In reality, the protection of the
structure from corrosion is the protection of the investment along
the structure life time.

In the previous chapter, the
process of corrosion of the reinforced steel bars in concrete is
discussed in vase of different environmental condition that cause
corrosion in addition to that the different types of corrosion and
its effected to the steel reinforcement is explained . Now in this
chapter our aim is to know the different international available
method to protect the reinforced concrete structure from
corrosion.

Recently, there are more researches
and development to provide economic and effective methods to
protect the steel reinforcement as this subject is very important
to the construction investment that considered with billion dollars
worldwide.

The first method of protection is
depend on the protection of steel reinforcement by performing good
quality control in design and construction and take into
consideration all precaution in design and construction to avoid
cases of corrosion as stated in codes and specification in
different countries. These specifications is varied with different
weather condition that expose the structure and the function of the
building as the offshore structure or underground structure or
surface structure all the important codes and specifications to
protect the steel in concrete are illustrated in chapter five.

The second defense line to protect
the steel bars is by external methods and these methods as using
galvanized steel bars or epoxy coated steel bars or stainless steel
or using some additives as cathode protection that add to concrete
during pouring process or by external membrane to prevent water
permeability or using cathode protection . All these ways have
advantages and disadvantages, in this chapter all these methods
will be discussed and provide the ways of application for each type
of protection.

 Corrosion inhibitor

There are two types of Corrosion
inhibitor first type, called the anodic inhibitor. The second type
is the so-called cathodic inhibitor.

For the first type of
protection is anodic inhibitor, it depends on the protection of
passive protection layer on steel reinforcement. The second type
which is the cathodic protection is based on preventing the
propagation of oxygen in the concrete. It has been
observed that the most effective protection is anodic inhibitor
more than the cathodic inhibitor in order to that it is commonly
used in practice.

Now we will explain each type of
these protections to clarify with the advantages and disadvantages
of each of them



Anodic Inhibitors

The most common anodic inhibitor is
calcium nitrate. It is a famous as it compatible with the process
of pouring concrete at the site where there is no adverse impact on
the properties of concrete, if it is fresh or hardening state.

There are other types, such
as sodium nitrate and potassium nitrate which they have a high
efficiency in the prevention of corrosion, but they are not used as
in case of existing aggregates with alkaline , they react with
cement and cause many problem and extensive damage to the
concrete. interaction with some cement, causing
extensive damage.

Therefore, Broad, calcium
nitrate is used widely since mid-1970s Arnor
Bato6 It is important to know
that, the use of calcium nitrate accelerate the concrete setting
time.

Broomfied mention that it must be
at the mixing plant to add some more retarder additives to the
concrete mix and otherwise there was no damage to the concrete.

The mechanism by which it inhibits
corrosion is associated with the stabilization of the passivation
film which tends to be disrupted when chloride ions are presents at
the steel level. The destabilization of the passivation film by
chlorides. Where it was largely due to the interference with the
process of converting the ferrous oxide to the more stable ferric
oxide.

We note that the anodic materials
used with the concrete exposed to chlorides directly as in contact
with sea water where corrosion inhibitor react with chlorides and
therefore increase the amount of chlorides concentration necessary
for cause a corrosion based on the tests described as indicated in
the Table (1.7).
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Determine the amount of calcium
nitrate required to add based on the amount of chlorides, which
exposed to concrete and it can be done in practice or through
previous experience in knowing the quantity of chlorides facing the
structure.

It is worth to mention that, the
addition of corrosion inhibitors, it does not diminish the
importance of attention to the quality control of concrete and
maintain the appropriate thickness of the concrete cover. It has
been observed that in the case of high strength concrete, high
quality, choose and construct the right concrete cover thickness
and appropriate density concrete according to the specifications
may not need to corrosion inhibitor until 20 years, but it is used
when exposed the structures to chlorides directly as offshore
structures.

 Cathodic protection


Cathodic inhibitor is used by
adding it to the concrete during mixing. There are another new type
is used by painting the concrete surface after hardening and it
propagate to steel bars through the concrete porosity and provide
an isolation to reduce the quantity of oxygen that propagate to
concrete as oxygen is the important driven to the corrosion
process.

There are many tests performed to
the corrosion inhibitor and these tests were performed based on
ASTM G109-92 and we will find that the purpose for these tests is
to define effect of the chemical additives to the corrosion of the
steel reinforcement embedded in concrete. From these tests, one
finds that the corrosion inhibitor enhances the protection of the
steel bars more than control concrete quality only. But it is found
that the effect of cathodic inhibitor is more less than the effect
of anodic inhibitor.

From these test find that to obtain
a higher efficiency from using the cathode protection essential to
add a very big quantity in the concrete mix to obtain more effect
to corrosion protection to the reinforced steel bars, on the other
hand these cathodic inhibitor as Ameen, phosphates, zinc retarding
the setting time very much especially when we put much quantity of
cathodic inhibitor. So when we decided to use cathodic inhibitor,
we must take the setting time into consideration.

From all the previous, one can
conclude that the anodic inhibitor is more effective than the
cathodic inhibitor. So practically it is usually use the anodic
inhibitor. On the other hand if we use the cathodic inhibitor the
increase the setting retarding time should take into our
decision.


Coating of Steel reinforcement by epoxy

It is important to paint the steel
bars by using certain types of the epoxies able to protect steel
from corrosion. This method yielded positive results, especially in
steel exhibition of seawater, and this study has been performed by
the Federal Highways Association (FHWA), which has been evaluating
the use of epoxy to coat the steel reinforcement exposed to
chloride attack.

There are also some
researches, such as that done by the Pike et
al16 1994,
Carins8 in 1992 and Satak et
al17 in 1983 demonstrated the
importance of the use of painting steel reinforcement and from year
1970 were used the epoxies in painting reinforced steel for bridges
and offshore structures.

After, using this method it is
found some shortcomings that must be avoided through some of the
precautions that must be taken into account during the
manufacturing and operation of painting the steel such as avoiding
the absence of any friction between the bars, which would affect
the result of the erosion of the coating layer due to friction.
Also it is difficult to use methods for measuring the corrosion
rate such as Polarization or Halfcell, so it is difficult to
predict the steel corrosion performance or measure the corrosion
rate.

Painting the steel reinforced bars
is used extensively in USA and CANADA as for 25 years more than
100,000 building used coated bars which is equal to 2 million tons
of epoxy coated bars.

The coated steel bar must follow
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9. Cathodic Protection







1.9 Cathodic protection
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Table (1) amount of the required calcium nitrate to protect steel reinforcement from
corrosion due to chlorides

Calcium nitrate amount (kg/m3 and 30% | Amount of chlorides ions on the steel
solution) (kg/m3)

10 3.6

15 39

20 7.7

25 8.9

30 9.5
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