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Abstract 
Steel gets oxidise (corrosion) in the present of oxygen and water. Even present of oxygen in the concrete pore will not cause a corrosion at high 

alkaline environment. Concrete contains microscopic pores which contain high concentrations of soluble calcium, sodium and potassium oxides, 

this creates alkaline condition of pH 12–13. The alkaline condition leads to a ‘passive’ layer forming on the steel surface. The dense passive layer 

over the reinforcement prevents the alkalinity. This paper involves in the prevention of corrosion by maintaining alkalinity in concrete by using 

bacteria. 
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1 INTRODUCTION 

Corrosion in concrete is majorly due to carbonization 

and chlorination. When concrete carbonates to the level 

of the steel rebar, the normally alkaline environment, 

which protects steel from corrosion, is replaced by a 

neutral environment. Under these conditions the steel is 

not passive and rapid corrosion begins. The rate of 

corrosion due to carbonated concrete cover is slower 

than chloride-induced corrosion. Occasionally, a lack of 

oxygen surrounding the steel rebar will cause the metal 

to dissolve, leaving a low pH liquid. Carbon-dioxide 

combines with water to form acid in which reduce the 

pH of concrete by consuming the calcium hydroxide 

which is formed in hydration process of cement, at low 

pH corrosion begins. Prevention of carbonization, 

prevent the alkalinity in which corrosion do not take 

place. Chloride in the pore of concrete involves during 

the corrosion only, it just acts as the catalyst in the 

corrosion process. Presence of chloride in concrete pore 
is inert at alkaline condition. 

2 CORROSION PROCESS 

When the passive layer breaks down then rust will start 

appearing on the steel surface. The chemical reactions 

are the same whether corrosion occurs by chloride 

attack or carbonation. When steel in concrete corrodes it 

dissolves in the pore water and gives up electrons: 

The anodic reaction is Fe –> Fe
2+

 + 2e
–
 

The two electrons (2e) created in the anodic reaction 

must be consumed elsewhere on the steel surface to 

preserve electrical neutrality. 

The cathodic reaction is 2e
–
 + H2O + 

1/22 –>2OH–
 

 

 

 

The ion dissolve in the pore water would not see 

cracking and spalling of the concrete. Several more 

stages must occur for ‘rust’ to form. Ferrous hydroxide 

becomes ferric hydroxide and then hydrated ferric oxide 

or rust. This rust cause spalling and crack over the 
concrete as shown in fig.3. 

 
Fig 1. anode and cathode reaction of corroding bar  Fe

2+
 

and OH
–
 formed in anode and cathode combined to form 

ferrous hydroxide and further undergoes chemical 
reaction as below 
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Unhydrated ferric oxide Fe2O3 formed in the bow 

reaction has a volume of about twice that of the steel it 

replaces when fully dense. When it becomes hydrated it 

swells even more and becomes porous. This means that 

the volume increase at the steel/concrete interface is six 

to ten times. This leads to the cracking and Spalling as 

shown in fig.3, that we observe as the usual 

consequence of corrosion of steel in concrete and the 

red/brown brittle, flaky crust we see on the bar and the 

rust stains we see at cracks in the concrete. Fig.2 shows 

the relative volume of the iron and its oxide formed in 

corrosion process. 

 

3 CARBONATION 

Carbonation is the result of the interaction of carbon 

dioxide gas in the atmosphere with the alkaline 

hydroxides in the concrete. Like many other gases 

carbon dioxide dissolves in water to form an acid. 

Unlike most other acids the carbonic acid does not 

attack the cement paste, but just neutralizes the 

alkalinity in the pore water, mainly forming calcium 

carbonate that lines the pores: 

 

 

 

       

There is a lot more calcium hydroxide in the concrete 

pores that can dissolve in the pore water. This helps 

maintain the pH at its usual level of 12–13 as the 

carbonation reaction occurs. However, as carbon 

dioxide proceeds to react with the calcium (and other) 

hydroxides in solution, eventually all the calcium 

hydroxide reacts, precipitating the calcium carbonate 

and allowing the pH to fall to a level where steel will 

corrode. This is illustrated in [1] Figure 4(a) and (b) 

which show the pH drop across the carbonation front 

and the corrosion rate of steel as the pH changes. At the 

carbonation front there is a sharp drop in alkalinity from 

pH 11–13 down to less than pH 8. At that level the 

passive layer was created by the alkalinity, is no longer 

sustained so corrosion proceeds by the general corrosion 

mechanism will takes place. 
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4 CHLORIDE ATTACK 

The chloride ion attacks the passive layer although in 

this case (unlike carbonation) there is no overall drop in 

pH. Chlorides act as catalysts to corrosion. They are not 

consumed in the process but help to break down the 

passive layer of oxide on the steel and allow the 

corrosion process to proceed quickly as shown in fig.5. 

The effective recycling of chloride ions makes chloride 

attack more difficult to remedy as chlorides are 

therefore harder to eliminate. Fig.4 shows the recycling 

of chloride ion. Obviously a few chloride ions in the 

pore water will not break down the passive layer. 

Prevention of corrosion Carbon dioxide and chloride 

present in the concrete are inert in the absence of the 

water and oxygen. Carbon dioxide in the pore of the 

concrete reacts with water to form carbonic acids which 

reduce the pH of the concrete. In the absence of water 

carbon dioxide is in active. Chloride in concrete is also 

in active at alkaline condition. In corrosion process 

carbon-dioxide acts as initiator and chloride acts as a 

catalyst. We can prevent corrosion by preventing the 

contact of water, carbon- dioxide and oxygen. Even in 

presence of water steel will not undergoes corrosion at 

alkaline environment. 

 

5 BIO CONCRETE 

The bacteria and Ca(OH)2 of pH 13 is added to the 

concrete in a capsules. The bacteria are Bacillus alkali-

nitrulicus, an alkali-resistant soil bacterium, 

psychrophilic bacterium, [8]Bacillus pasteurii is added, 

which can survey at high pH of 9 to 13 and at the 

temperature range of 10 to 40 degree centigrade. 

[5]Capsule of 15 kg is added to a 1m3 of concrete. The 

spores became active when getting contact with water, 

still it will be inactive in concrete. When bacteria 

contact with carbon-dioxide and convert calcium 

hydroxide to lime stone. On reaction CO2 is arrested 

from diffusion. [9]Limestone will fill the crack and 

there is no possibility to leakage of water and diffusion 

of carbon-dioxide. Hear our primary aim is to prevent 

the carbon-dioxide penetration and then to prevent the 

water infiltration to concrete. 

CO2 + Ca(OH)2 –> CaCO3 + H2O 

In self-healing concrete capsule containing bacteria and 

calcium lactate is added. In atmosphere quantity of CO2 

is less to speed up the self-healing process calcium 

lactate is added in which it precipitate CaCO3 and 

liberate CO2. Ca(C3H5O2)2+7O2 –> CaCO3+5CO 

2+5H2O 

6 DIFFUSION OF CO2 

[7]Concrete will carbonate whenever carbon dioxide 

and some water are available. The speed of carbonation 

depends on how fast the carbon dioxide and/or the 

carbonate ions can move into the concrete and react 
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with the cement paste. Diffusion is mass transport down 

a concentration gradient. Steady state diffusion follows 

Fick´s first law 

7 WATER CEMENT RATIO TO 

REDUCE ‘D’ 

Water cement ratio in the concrete plays an important 

role in the strength and durability of the concrete. It has 

also been estimated that on an average 23% of water by 

weight of cement is required for chemical reaction with 

Portland cement compounds.  

 
Fig.7 Phase diagram of concrete 

This 23% of water chemically combines with cement 

and, therefore, it is called bound water. A certain 

quantity of water is imbibed within the gel- pores. This 

water is known as gel-water. It can be said that bound 

water and gel-water are complimentary to each other. If 

the quantity of water is inadequate to fill up the gel-

pores, the formations of gel itself will stop and if the 

formation of gel stops there is no question of gel-pores 

being present. It has been further estimated that about 15 

per cent by weight of cement is enof to fill up the gel-

pores. [2] Therefore, a total 38 per cent of water by 

weight of cement is required for the complete chemical 

reactions and to occupy the space within gel-pores. If 

water equal to 38 per cent by weight of cement is only 

used it can be noticed that the resultant paste will 

undergo full hydration and no extra water will be 

available for the formation of undesirable capillary 

cavities. On the other hand, if more than 38 per cent of 

water is used, then the excess water will cause 

undesirable capillary cavities. Therefore greater the 

water above the minimum required is used (38 per cent), 

the more will be the undesirable capillary cavities. In all 

this it is assumed that hydration is taking place in a 

sealed container where moisture to and from the paste 

does not take place. Increases in cavity in a concrete 

increases the coefficient of diffusion in concrete. At a 

same time it is difficult to work in concrete at water 

cement ratio of 0.38. However addition of water to the 

concrete for workability is not a good construction 

practices. Super plasticizer and new generation 

plasticizer is recommended for workability. Addition of 

plasticizer increases the strength up to optimum level 

above that it decreases the strength. [2]Fig.8 shows the 

variation of the compressive strength of the concrete at 

various volume of lingo-sulphonate. Hence optimum 

ratio of plasticizer is recommended. [2]Plasticizer 

reduce water content up to 10%, super plasticizer reduce 

about 20%, pc based admixture reduce up to 30%. 

 

Fig.8 variation of strength in concrete respect to 
admixture 

8 CONCLUSIONS 

Even through, we had a good design, material and 

scheduling it is impossible to attain strength and 

durability without good workman ship. For an example 

Masan will add water in mortar and shovel it. During 

this process fine partial cement settle down and only 

sand will available for the plating above. Hence 

workmanship is more important than any other in 

construction. For every problem there is a simple 

solution one of the simple solutions for the corrosion is 

to provide proper cover to the reinforcement. 

[8]Nominal cover shall in any case not be less than 40 

mm. 
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