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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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​Introduction

Most of the design studies in reinforced concrete literature and researches in past assumed that the durability of reinforced concrete structures can be taken for granted. However, many reinforced concrete structures are exposed during their life to environmental stress (e.g. corrosion, expansive aggregate reactions) which attacks the concrete and/or steel reinforcement (Kilareski2 1980; Cady and weyers1 1994; Takewaka and Matsumoto4 1988; Mori and Ellingwood3 1994a, Thoft-Christensen51995).

Corrosion of reinforcement steel bars are considered the most famous problem that facing the structural engineers in the last decade.  The concrete structure, which has corrosion on the steel bars to avoid corrosion of the steel it, need from us to know deeply about the corrosion phenomena to provide the different engineering solution to overcome this problem.

Corrosion of steel bars in reinforced concrete structure is a very bad and expensive event so it is mainly considered as an economic problem rather than engineering problem.  In USA the cost of repair due to corrosion of steel bars is around 150 M $ for buildings and bridges. The problem of bridges decks is the famous problem in USA, Canada and Europe due to cold weather in these countries and accumulating ice on the bridges, they usually use salt to melt the ice as we will discuss salt which containing sodium chloride is a main source of steel corrosion in these countries so the cost of bridges deck is very high. 

For instance, based on transportation research center report in 1991 refer that the cost of bridge deck repair 50-200 M$/year and in some parts of the bridges it cost around 100 M$ per year. In case of multi floors parking garage repair cost  50-150 M$/year.

In United Kingdom the cost of bridges repair due to corrosion in 1989 only in England and wiles were 616.5M£ in 1989. Noting that England and wiles have only 10% of United Kingdom bridges. Now, can you imagine the impact of corrosion phenomena on the countries economics?!

On the other hand, in the Middle East specially in the gulf area for the countries which main producers to oil and gas worldwide they have a very strong economic and result for that there are a huge investment in construction projects as these projects are the main parts for any development country. The bad news is that all these country has a severe environmental condition due to high temperature as it reach in some days to 55-60 ◦C in addition to that they have a high relative humidity as most of these countries are located near the Arabian gulf in addition to that the ground water has also a high percentage of salt.

All these factors increase the probability of the corrosion of the steel bars. From the quality point of view, this higher temperature makes a restriction to obtain a very good curing process so all these factors accelerate the deterioration of the concrete structure in these countries and let their buildings have a short lifetime specially on the buildings that constructed in the period between 1970-1980 before the development of using additives to the concrete. Therefore, in the Middle East the cost of losing money due to corrosion of the steel bars is very high and considered as a challenge to the engineers to use new methods and technique to protect the steel reinforcement bars.

Corrosion process is occurred slowly and propagate with time and the deterioration rate is varies. The corrosion on the steel bars affect the structure safety but we have constrain to it as the structure safety  depends on the surrounded environmental condition which effect mainly on the corrosion rate, the location of the member in the whole building and the type of the member itself.

When will we perform the inspection and repair? This is a big question; you need to have an accurate answer as when reducing the duration of inspection it will cost us but on the other hand it will maintain the structure safety. On the other hand, we can increase the inspection duration to decrease cost but it will effect the structure safety and this is not easy and many accident happened due to this policy and a clear example of that for falling a big part of the bridges in New York  that make the motorcycle driver can not control himself and he died due to that, so it is obvious that the careless on the corrosion process may results to killing.

As shown in Figure (1), it is a clear example of the effect of corrosion on concrete structure member deterioration. There are cracks, falling of the concrete cover and the parts of the plastering. This reinforced concrete beam is in a villa near the coast of Mediterranean sea  
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Figure (1)  Deterioration in Reinforced concrete beam
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In 1960, it was acceptable to use seawater in Europe and Middle East in the concrete mixture and accepted to use calcium chloride additives as a concrete setting accelerator the use of seawater and calcium chloride have been using until 1970. In the middle east the pure water is very expensive, so they used seawater extensively and after 20 years they found a sever deterioration on the reinforced concrete structures that cause many problems from economic point of view for the construction investment.

From all the above, the effect of corrosion is not only a serious problem to structure engineers but also effect on the national income for the countries as a whole so the engineers must understand the nature of corrosion process in deep and the reason for its occurrence and the reason which lead to that so understanding the problem is the first step in problem solving.

In this chapter the main principal of corrosion will be discussed and especially of the corrosion of the steel reinforcement in concrete and discuss how the corrosion occur and the reason for that.

There are many ways to illustrate the corrosion process of the steel reinforcement in concrete, but we will illustrate the corrosion process by the first principal that will be match with the engineering studies and we try to be away from the chemical equations.

By knowing the corrosion process and how it occurs, it will be the first step to know how to protect the steel bars from corrosion and to differentiate between the different protection method that will illustrate later to protect steel bars from corrosion.

If we put a nail in dry air will not corroded and also if it is immersed in water. If you put a nail in cube of water and up it to air, it will corrode. This happens for any type of steel as normal or high strength steel.

In case of steel imbedded in concrete, the concrete is porous materials containing water in the void due to the process of curing or in rainy weather and in general for weather with high relative humidity weather. So, the void of concrete will contain humidity so it is a good reason to cause corrosion. 

The good news, it is not necessary to corrode the steel bars imbedded in concrete as concrete is alkaline in its nature and as you know that alkalinity is against to acidity so the concrete as a result for its alkalinity protect the steel bar from corrosion.  Why the concrete is alkaline? The concrete is alkaline as inside the microvoid of the concrete have a high concentration of oxides calcium, sodium and magnesium. 

These oxides produce hydroxides that have a high alkalinity when we add water to it (pH12-13) as pH is the measure of the acidity and alkalinity and it is based on the percentage of hydrogen ions concentration with respect to hydroxide ion as the maximum acidity concentration when pH=1 and high alkaline concentration at pH=14 and this alkalinity will produce passive layer on the steel reinforcement surface and this layer is dense and prevent the occurrence of corrosion and this layer consists of oxides and hydroxides for iron and part f cement.

This layer will not remain
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