
UNIT IV 

TECHNIQUES FOR REPAIR AND DEMOLITION 

Rust eliminators and polymers coating for rebars during repair, foamed concrete, mortar and dry 

pack, vacuum concrete, Gunite and Shotcrete, Epoxy injection, Mortar repair for cracks, shoring 

and underpinning. Methods of corrosion protection, corrosion inhibitors, corrosion resistant steels, 

coatings and cathodic protection. Engineered demolition techniques for dilapidated structures - 

case studies. 

 

4.1 Foamed concrete 

Aerated concrete is made by introducing air or gas into a slurry composed of Portland 

cement or lime and finely crushed siliceous filler so that when the mix set and hardens,  a 

uniformly cellular structure is formed. Though it is called aerated concrete it is really not a 

concrete in the correct sense of the word. As described above, it is a mixture of water, cement and 

finely crushed sand. Aerated concrete is also referred to as gas concrete, foam concrete, cellular 

concrete. In India we have at present a few factories manufacturing aerated concrete. A common 

product of aerated concrete in India is Siporex. 

There are several ways in which aerated concrete can be manufactured, 

(a) By the formation of gas by chemical reaction within the mass during liquid or plastic state. 

(b) By mixing performed stable foam with the slurry 

(c) By using finely powdered metal (usually aluminum powder) with the slurry and made to 

react with the calcium hydroxide liberated during the hydration process, to give out large 

quantity of hydrogen gas. This hydrogen gas when contained in the slurry mix, gives the 

cellular structure. 

Powered zinc may also be added in place of aluminum powder. Hydrogen peroxide and 

bleaching powder have also been used instead of metal powder. But this practice is not widely 

followed at present. 

In the second method performed, stable foam is mixed  with cement and crushed sand  

slurry causing the cellular structure when this gets sets and hardened. As a minor modification 

some foam-giving agents are also mixed and thoroughly churned or beaten (in the same manner as 

that of preparing foam with the white of egg) to obtain foam effect in the concrete. in a similar 

way, air entrained agent in large quantity can also be used and mixed thoroughly to introduce 

cellular aerated structure in the concrete. however, this method cannot be employed for decreasing 

the density of the concrete beyond a certain point and as such, the use of air entrainment is nor 

often practiced for making aerated concrete. 

Gasification method is of the most widely adopted methods using aluminum  powder or 

such other similar material. 

This method is adopted in the large scale manufacture of aerated concrete in the factory wherein 

the whole process is mechanized and the product is subjected to high pressure steam curing i.e.,  in 



 

other  words,  the  products are autoclaved. Such  products  will  suffer  neither retrogression of 

strength nor dimensional instability. 

The practice of using performed foam with slurry is limited to small scale production and  

in situ work where small change in the dimensional stability can be tolerated. But the advantage is 

that any density desired at site can be made in this method. 

Properties 

Use of foam concrete has gained popularity not only because of the low density but also 

because of other properties mainly the thermal insulation property. Aerated concrete is made in the 

density range from 300 kg/m
3 

to about 800 kg.m
3
, lower density grades are used for insulation 

purposes, while medium density grades are used for the manufacture of building blocks or load 

bearing walls and comparatively higher density grades are used in the manufacture of prefabricated 

structural members in conjunction with steel reinforcement. 

4.2 Mortar and dry pack 

Dry pack is a combination of Portland cement and sand passing a No. 16 sieve mixed with just 

enough water to hydrate the cement. Dry pack should be used for filling holes having a depth equal 

to, or great then, the least surface dimension of the repair area, for cone bolt, she holt, core holes, 

and grout-insert holes; for holes left by the removal of form ties; and for narrow slots cut for repair 

cracks. Dry pack should not be used for relatively shallow depressions where lateral restraint 

cannot be obtained, for filling behind reinforcement, or for filling holes that extend completely, 

through a concrete section. 

For the dry-pack, method of concrete repair, holes should be sharp and square at the surface 

edges, but corners within the holes should be rounded, especially when water tightness is required. 

The interior surfaces of holes left by cone bolts and she bolts should be roughened to develop an 

effective bond; this can be done with a rough stub of 7/8-inch steel-wire rope, a notched tapered 

reamer, or a star drill. Other holes should be undercut slightly in several places around the 

perimeter. Holes for dry pack should have a minimum depth of 1 inch. 

4.2.1 Preparation and application 

Application of dry-pack mortar should be preceded by a careful inspection of the hole, 

which should be thoroughly cleaned and free from mechanically held loose pieces of aggregate. 

One of three methods should be used to ensure good bond of the dry-pack repair. The first method 

id the application of a stiff mortar ar grout bond coat immediately before applying the dry-pack 

mortar. The mix for the bonding grout is 1: 1 cement and fine sand mixed with water to a fluid 

paste consistency. 

All surfaces of the hole are thoroughly brushed with the grout, and dry packing is done quickly 

before the bonding grout can dry. Under no circumstances should be bonding coat be so wet or 

applied so heavily that the dry-pack material becomes more has slightly rubbery. 



 

When a grout bond coat is used, the hole to be repaired can be dry. Presoaking the hole overnight 

with wet rags or burlap prior to dry packing may sometimes give better results by reducing the loss 

of hydration water, but there must be no free surface water in the hole when the bonding grout is 

applied. 

The second method of ensuring good bond starts with presoaking the hole overnight with 

wet rags or burlap. The hole is left slightly wet with a small amount of free water on the inside 

surfaces. The surfaces have been covered and the free water absorbed. Any dry cement in the hole 

should be removed using a jet of air before packing begins. 

The hole should not be painted with neat cement grout because it could make the dry-pack material 

too wet and because high shrinkage would prevent development of the bond that is essential to a 

good repair. A third method of ensuring good bond is use of an epoxy bonding resin. Epoxies bond 

best to dry concrete. It may be necessary to dry the hole immediately prior to dry packing using hot 

air, a propane torch, or other appropriate method. 

The concrete temperature however should not be high enough to cause instant setting of the epoxy 

or to burn the epoxy when it is applied. After being mixed, the epoxy is thoroughly brushed to 

cover all surfaces, but any excess epoxy is removed. Dry-pack mortar is then applied immediately, 

before the epoxy starts to harden. 

The epoxy must be either fluid or tacky when dry packing takes place. If it appears that the epoxy 

may become hard before dry packing is complete, fresh fluid epoxy can be brushed over epoxy 

that has become tacky. 

If the epoxy becomes hard, it must be comes hand, it must be removed before a new coat is 

applied. The epoxy ensures a good bond between the dry-pack repair and the old concrete. It also 

reduces can loss of hydration water from the repair to the surrounding concrete, thus assisting in 

good curing; however, the epoxy-bonded dry pack still requires curing as discussed below. Where 

appearance is not important, epoxy has sometimes been used on the surface in place of a curing 

compound. This procedure is not recommended. 

4.3 Vacuum Concrete 

 
It has been amply brought out in the earlier discussion that high water/cement ratio as 

harmful to the overall quality of concrete. Whereas low water/cement ratio does not give enough 

workability for concrete to be compacted hundred per cent. Generally, higher workability and 

higher strength or very low workability and higher strength do not go hand in hand. Vacuum 

process of concreting enables to meet this conflicting demand. This process helps a high workable 

concrete to get high strength. 

In this process, excess water used for higher workability, not required for hydration, and 

harmful in many ways to the hardened concrete is withdrawn by means of vacuum pump, 

subsequent to the placing of the concrete. The process when properly applied, produces concrete of 

quality. It also permits removal of formwork at an early age to be used in other repetitive work. 
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Fig 4.3.1 Vacuum Conncrete pumps arrangement 

 

The equipment is shown in Figure 4.3.1. It essentially consists of a vacuum pump, water 

separator and filtering mat. The filtering consists of a backing piece with a rubber seal all round 

the periphery. A sheet of expanded metal and then a sheet of wire gauge also forms part of the 

filtering mat. The top of the suction mat is connected to the vacuum pump. When the vacuum 

pump operates, suction is created within the boundary of the suction mat and the excess of water is 

sucked from the concrete through the fine wire gauge or muslin cloth. At least one face of the 

concrete caused by loss of water must be vibrated. 

The vacuum processing can be carried out either form the top surface or from the side 

surface. There will be only nominal difference in the efficiency of top processing or side 

processing. It has been seen that the size of the mat should not be less than 90 cm x 60 cm. smaller 

mat was not found to be effective. 

Rate of Extraction of Water 

The rate of extraction of water is dependent upon the workability of mix , maximum size of 

aggregate, proportion of fines and aggregate cement ratio. In general, the following general 

tendencies are observed: 

(a) The amount of water which may be withdrawn is governed by the initial workability or  the 

amount  of  free  water.  A  great  reduction  in  the  water/cement  ratio  can,  therefore,  be 

obtained with higher initial water/cement ratio. 

(b) If the initial water / cement ratio is kept the same the amount of water which can be 

extracted is increased by increasing the maximum aggregate size or reducing the amount of 

fines in the mix. 

(c) Although the depression of the water/cement ratio is less, the lower the initial water/cement 

ratio, the final water / cement ratio is also less, the lower the initial value. 

(d) The reduction in the water / cement ratio is very slightly less with mixes leaner than 6 to 1, 

but little advantage is gained with mixes richer than this 
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(e) The greater the depth of concrete processed the smaller is the depression of the average 

water/cement ratio. 

(f) The ability of the concrete to stand up immediately after processing is improved if a fair 

amount of fine material is present, if the aggregate size is restricted to 19 mm and if a 

continuous grading is employed. 

(g) Little advantage is gained by prolonging the period of treatment beyond 15 to 20 minutes 

and a period of 30 minutes is the maximum that should be used. 

It is found that there is a general tendency for the mix to be richer in cement near  the 

processing face. This may be due to the fact that along with water, some cement gets sucked and 

deposited near the surface. It is also found that the water/cement ratio near the surface will be  

lower in value, anything from 0.16 to 0.13, than the original water /cement ratio. Because of the 

above reasons the vacuum processed concrete will not be of uniform strength. 

The simultaneous vibrations or the subsequent vibrations will reduce this shortcoming to some 

extent and also increase the strength of the concrete. If vibration is not done, the continuous 

capillary channels may not get disturbed and the strength would not be improved in relation to 

decreased water/cement ratio. Table 12.15 shows the comparisons of strength of processed and 

unprocessed cubes. 

Table. 4.3.1 Comparison of Strength of Processed and unprocessed cubes having the same 

water/cement ratio 
 

Initial water/cement ratio of processed cubes 0.74 0.71 0.65 0.60 

Average final water/cement ratio of processed cubes 0.68 0.59 0.57 0.55 

Strength of unprocessed cubes of the same 

water/cement ratio as the initial water/cement ratio of 

the processed cubes MPa 

18.0 15.3 19.1 30.1 

Strength of fully vibrated processed cubes and increase 

of strength due to processing (per cent) : MPa 

23.3 
30 

22.6 
48 

27.5 
43 

33.4 
11 

Strength of unprocessed cubes of the same 

water/cement ratio as the average final water/cement 

ratio of the processed cubes and increase of strength 

due to the reduction in water/cement ratio 

MPa 

(per cent 

24.9 
38 

33.7 
74 

36.5 
91 

39.4 
30 

Increase in strength due to the reduction of 

water/cement ratio according to Road Note No. 4 

(Per Cent) 

20 44 27 16 
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4.4 Gunite or Shotcrete 

 
Gunite can be defined as mortar conveyed through a hose and pneumatically projected at a 

high velocity on to a surface. Recently the method has been further developed by the introduction 

of small sized coarse aggregate into the mix deposited to obtain considerably greater thickness in 

one operation and also to make the process economical by reducing the cement content. 

Normally fresh material with zero slump can support itself without sagging or peeling off. 

The force of the jet impacting on the surface compact the material. Sometimes use of set 

accelerators to assist overhead placing is practiced. The newly developed „Redi-set cement” can 

also be used for shotcreting process. 

There is not much difference guniting and shotcreting. Gunite was first used in the early 

1900 and this process is mostly used of pneumatically application of mortar of less thickness, 

whereas shotcrete is a recent development on the similar principal of guniting for achieving greater 

thickness with small coarse aggregates. 

There are two different processes in use, namely the „Wet-mix” process and the „dry-mix” 

process. They dry mix process is more successful and generally used. 

Dry-mix process 

The dry mix process consists of a number of stages and calls for some specialized plant. A 

typical plant set-up is shown in Fig 

The stages involved in the dry mix process is given below : 

(a) Cement and sand are thoroughly mixed. 
 

(b) The cement/sand mixture is fed into a special air-pressurized mechanical feeder termed   as 

“gun”. 
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(c) The mixture is metered into the delivery hose by a feed wheel or distributor within the gun. 

(d) This material is carried by compressed air through the delivery hose to a special nozzle.  

The nozzle is fitted inside with a perforated manifold through which water is sprayed under 

pressure and intimately mixed with the sand/cement jet. 

(e) The wet mortar is jetted from the nozzle at high velocity onto the surface to be gunited. 

The Wet-mix Process 

In the Wet-mix process the concrete is mixed with water as for ordinary concrete before 

conveying through the delivery pipe line to the nozzle, at which point it is jetted by compressed 

air, onto the work in the same way, as that of dry mix process. 

The wet-mix process has been generally discarded in favors of the dry-mix-process, owing 

to the greater success of the latter. 

The dry-mix methods make use of high velocity or low velocity system. The high velocity 

gunite is produced by using a small nozzle and a high air pressure to produce a high nozzle 

velocity of about 90 to 120 metres per second. 

This results in exceptional good compaction. The lower velocity gunite is produced using large 

diameter hose for large for large output. The compunction will not be very high. 

Advantages of Wet and Dry process 

Some of the advantages and disadvantages of the wet and dry processes is discussed below. 

Although it is possible to obtain more accurate control of the water/cement ratio with the wet 

process the fact that this ratio can be kept very low with the dry process largely overcomes the 

objection of the lack of accurate control. 

The difficulty of pumping light-weight aggregate concrete makes dry process more suitable when 

this type of aggregate is used. The dry process on the other hand, is vey sensitive to the water 

content of the sand, too wet a sand causes difficulties through blockade of the delivery pipeline, a 

difficulty which does not arise with the wet process. 

The lower water/cement ratio obtained with the dry process probably accounts for the lesser creep 

and greater durability of concrete produced in this way compared with concrete deposited by the 

wet process, but air-entraining agents can be use to improve the durability of concrete deposited by 

the latter means. Admixtures generally can be used more easily with the wet process except for 

accelerators. 

Pockets of lean mix and of rebound can occur with the dry process. It is necessary for the 

nozzelman to have an area where he can dump unsatisfactory shotcrete obtained when he is 

adjusting the water supply or when he is having trouble with the equipment. 
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These troubles and the dust hazard are less with the wet process, but wet process does not normally 

give such a dense concrete as the dry process. Work can be continued in more windly weather with 

the wet process than with the dry process. Owing to the high capacities obtainable with concrete 

pumps, a higher rate of laying of concrete can probably be achieved in the wet process than with 

the dry process. 

4.5 Epoxy injection 

Resin injection is based to repair concrete that is cracked or delaminated and to seal cracks in 

concrete to water leakage. Two basic types of resin and injection techniques are used to repair 

concrete; epoxy resins and polyurethane resins. Epoxy resins cure to form solids with high strength 

and relatively high module of elasticity. 

These materials bond readily to concrete and are capable, when properly applied, of resorting the 

original structural strength to cracked concrete. The high modules of elasticity causes epoxy resin 

systems to be unsuitable for rebonding cracked concrete that will undergo subsequent movement. 

The epoxies, however, do not cure very quickly, particularly at low temperatures, and using them 

to stop large flows of water may not be practical. Cracks to be injected with epoxy resins should be 

between 0.005 inch and 0.25 inch in width. 

It is difficult or impossible to inject resin into cracks less than 0.005 inch in width, while it is very 

difficult to retain injected epoxy resin in cracks greater than 0.25 inch in width, although high 

viscosity epoxies have been used with some success Epoxy resins cure to form relatively brittle 

materials with bond strengths exceeding the shear or tensile strength of the concrete. 

If these materials are used to rebound cracked concrete that is subsequently exposed to loads 

exceeding the tensile or shear strength of the concrete, if should be excepted that the cracks will 

recur adjacent to the epoxy bond line. In other words, epoxy resin should not be used to rebond 

“working” cracks. 

Epoxy resins will bond with varying degrees of success to wet concrete, and there are a 

number of special techniques that have been developed and used to rebond and seal water leaking 

cracks with epoxy resins. These special techniques and procedures are highly technical and, in 

most cases, are proprietary in nature. 

Polyurethane resins are used to seal and eliminate or reduce water leakage from concrete cracks 

and joints. They can also be injected into cracks that experience some small degree of movement. 

Such systems, with the exception of the two-part solid polyurethanes, have relatively low strengths 

and should not be used to structurally rebond cracked concrete. 

Cracks to be injected with polyurethane resin should not be less than 0.005 inch in width. No upper 

limit on crack width has been established for the polyurethane resins at the time this is being 

written. 
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Polyurethane resins are available with substantial variation in their physical properties. 

Some of the polyurethanes cure into flexible foams. 

Other polyurethane systems cure to semi-flexible, high-density solids that can be used to rebond 

concrete cracks subject to movement. 

Most of the foaming polyurethane resins require some form of water to initiate the curing reaction 

and are, thus, a natural selection for use in repairing concrete exposed to water or in wet 

environments. 

At the time this is written, there are no standard specifications for polyurethane resins equivalent to 

the standard specification for Epoxy-Resin-Base Bonding Systems for Concrete. ASTM 

Designation C-881. 

4.6 Mortar repair for cracks 

Portland cement mortar may be used for repairing defects on surfaces not prominently exposed. 

where the defects are too wide for dry-pack filling or where the defects are too shallow for  

concrete filling, and no deeper than the far side of the reinforcement that is nearest the surface. 

repairs may be made either by use of shotcrete or by hand application methods, although hand 

application methods are generally recommended for areas subject to public view in historic 

preservation applications. 

Replacement mortar can be used to make shallow, small-size repairs to new or green concrete, 

provided that the repairs are performed within 24 hours of removing the concrete forms. 

Accomplishing successful mortar repairs to old concrete without the use of a bonding resin is 

unlikely or extremely difficult. Evaporative loss of water from the surface of the repair mortar, 

combined with capillary water loss to the old concrete, results in unhydrated or poorly hydrated 

cement in the mortar. 

Additionally, repair mortar bond strength development proceeds at a slower rate than compressive 

strength development. This causes workers to mistakenly abandon curing procedure prematurely, 

when the mortar seems strong. Once the mortar dries, bond strength development stops, and bond 

failure of the mortar patch results. For these reasons using cement mortar without a resin bond coat 

to repair old concrete is discouraged. A Portland cement mortar patch is usually darker than the 

surrounding concrete unless precautions are taken to match colours. A leaner mix will usually 

produce a lighter colour patch. 

4.6.1 Preparation and materials 

Concrete to repaired with replacement mortar should first have all the deteriorated or unsound 

areas removed. After preparation, the areas should be cleaned, roughened if necessary and surface- 

dried to a saturated surface condition. The mortar should be applied immediately thereafter. 

Replacement mortar contains water, Portland cement and sand. The water and sand should be 

suitable for use in concrete, and the same should pass through a no.16 sieves. Only enough water 

should be added to the cement sand mixture to permit placing. 
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4.6.2 Curing 

Failure to cure properly is the most common cause of failure of replacement mortar. 

It is essential that mortar repairs receive a through water cure starting immediately after initial set 

and continuing for 14 days. In no event should the mortar be allowed to become dry during the 14 

day period following placement. Following the 14 day water cure and while the mortar is still 

saturated, the surface of the mortar should be coated with two coats of a wax-base curing 

compound meeting reclamation specifications. 

4.6.3 Applications 

The success of this method depends on complete removal of all defective and affected concrete, 

good bonding of the mortar to the concrete, elimination of shrinkage of the patch after placement, 

and thorough curing. Replacement mortar repairs can be made using an epoxy bonding agent; this 

technique is highly recommended. 

4.7 Shoring and underpinning 

 

The arrangement employed to prevent a damaged structure, due to either foundation 

settlement or other reasons from collapse, is called shoring. It is also used for providing temporary 

support to a structure which is being remodeled. 

The shores are of types : 

 Racking Shores : In this type, notches are cut in the walls of the building and inclined  

posts are property, while demolishing the building, are called horizontal or flying shores. 

 Horizontal of Flying Shores : The shores, which are employed to support the walls of 

adjoining property while demolishing the building are called horizontal or flying shores. 

 Vertical Dead Shores : The vertical shores used to support walls temporally are called 

vertical or Dead shores. 

Underpinning 

The operation of providing new permanent foundation is known as underpinning 

The under pining may be done by the following methods. 

Pit Underpinning 

In this method, a pit is dug to expose the foundation to b remodeled & the old foundation is 

either removed completely or strengthened suitably. 

Pier Underpinning 

In this method of underpinning, piers under foundations of structures are installed, filled 

with concrete and wedged up to transfer the load to a new pier. This method is most suitable in dry 

ground. In pier underpinning, proper care must be taken to prevent loss of ground installing the 

sheeting, otherwise the building structure mar sink. 
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The least size of the underpinning pits to provide working place, for workers is 1m x 1.3m. The 

pits are sunk to a stratum strong enough. 

In this method piles are jacked into the ground with case for underpinning building, where 

underlying ground has water bearing strata. 

4.8 Methods of corrosion protection, corrosion inhibitors, corrosion resistant 

Steels, coatings and cathodes protection 

Corrosion is defined as the process of deterioration (or destruction) and consequent loss of a solid 

metallic material, through an unwanted (or unintentional) chemical or electro-chemical attack by 

its environment, starting at its surface, is called Corrosion. Thus corrosion is a process of „reverse 

of extraction of metals”. 

4.8.1 Corrosion Mechanism – Wet or Electro-Chemical Corrosion 

Corrosion of steel concrete is an electro-chemical process. When there is a difference in 

electrical potential, along the reinforcement in concrete, an electro-chemical cell is set up. In the 

steel, one part becomes anode (an electrode with a +ve charge) and other part becomes cathode,  

(an electrode with a –ve charge) connected by electrolyte in the form of pore water, in  the 

hardened cement paste. The +vely charged ferrous ions Fe
+ 

at the anode pass into solution, while 

the –vely charged free electrons –pass through the steel into cathode, where they are absorbed by 

the constitutents of the electrolyte, and combine with water and oxygen to form hydroxyl ions 

(OH).  These  travel  through  the  electrolyte  and  combine  with  the  ferrous  ions  to  form ferric 

hydroxide, which is converted by further oxidation to rust. 
 

 
 

The reactions are described below: 

Anodic Reactions: 

Fe Fe
++

+ 2e
-
 

Fe
++

+ 2(OH)2 Fe(OH)2 
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Fe(OH)2.2H2O +O2 4Fe(OH)3 

Cathodic Reaction 

4e
- 
+O2+H2O 4(OH) 

It can be noted that no corrosion takes place if the concrete is dry probably below relative humidity 

of 60%, because enough water is not there to promote corrosion. it can also be noted that corrosion 

does not take place, id concrete is fully immersed in water, because diffusion of oxygen does not 

take place into the concrete. probably the optimum relative humidity for corrosion is 70-80% 

The products of corrosion occupy a volume as much as 6 times the original volume of steel, 

depending upon the oxidation state. Figure below shows the increase in volume of steel, depending 

upon the oxidation state. 
 

It may be pointed out that though the 2 reactions Fe2 and OH originate iron the anode and cathode 

respectively, their combination occurs more commonly at the cathode, because the Sn. aller Fe2+ 

ions diffuse more rapidly than the larger OH ions. So, corrosion occurs at the anode, but rust is 

deposited at or near the cathode. 

Increase the oxygen content has 2 effects : 

(i) it forces the cathodic reaction to the right, producing more OH- ions and 

(ii) it removes more electrons and therefore, accelerates the corrosion at the anode. 
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Each of these effects, in turn, supply more reactants for the forming reaction. Obviously, 

presence of oxygen greatly accelerates both corrosion and rust formation, with the corrosion 

occurring the entire anode, but the rust forming at the cathode. 

4.8.2 Corrosion Inhibitors 

A corrosion inhibitor is an admixture that is used in concrete to prevent the metal, 

embedded in concrete form cording. There exists various types of inhibitors like Cathode, 

Anode, mixed and Dangerous, Safe. 

Of the available corrosion inhibiting materials, the most wide used admixture is based on 
calcium nitric. It is added to the concrete during mixing of concrete. The typical dosage id of 

the order of 10-30 litres per m
3 

of concrete, depending on the chloride levels in concrete. 

In the high pH of concrete the steel is protected by a passivating layer of ferric oxide, on 

the surface of steel. (passivation may be defined as „phenon enon in which a metal or an alloy 

exhibits a much higher corrosion resistance, than expected from its positon in the 

electrochemical series. 

Passivity is the result of the formation of a highly protective, but very thin, (about 0.0004mm 

thick) and quite invisible film on the surface of metal or an alloy, which makes it more fine). 

However, the passivating layer also contains some ferrous oxide, which can initiate corrosion, 

when the chloride ions reach the steel. The nitrite ions present in the corrosion inhibiting 

admixture will oxidize the ferrous oxide 

Passivating layer even in the presence of chlorides. The concentration of nitrite must be 

sufficient, to cope up with the continuing ingress (entrance) of chloride ion. 

Calcium nitrite corrosion inhibitor comes in a liquid form, containing about 30% calcium 

nitrite solids by weight. The more corrosion inhibitor is added, the longer the onset of  

corrosion will be delayed. 

Since most structures in a chloride environment reach a leyel of about 7 Kg of chloride iron per 

m
3 

during their service life, use of less than 18 litres/m
3 

of calcium nitrite solution is not 
recommended. 

Figure shows that without an inhibitor, the reinforcing steel starts to corrode, when the chloride 

content at the rebar reaches a threshold level of 0.7Kg/m
3
. Although the corrosion process  

starts when the thereshold level is reacted, it may take several years for staining, cracking & 
spalling to become apparent, (clear) and several more years before deterioration occurs. 

Adding calcium nitrite increases this corrosion thereshold. When you ass 20 litres/m
3
, 

corrosion will not begin until over 7.7 Kg/m
3 

of chloride is present in the concrete at the rebar. 
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4.8.3 Cathode Protection 

Cathode protection is one of the effective, well known, and extensively used methods for 

prevention of corrosion in concrete structures in more advanced countries. Due to high cost and 

long term monitoring required for this method, it is not very much used in India. 

The cathode protection comprises of application of impressed current, to an electrode laid 

on the concrete, above steel reinforcement. This electrode serves as anode and the steel 

reinforcement, which is connected to the negative terminal of a DC source acts as a cathode. 

In this process, the external anode is subjected to corrode and the cathode reinforcement is 

protected against corrosion and hence the name „Cathode Protection”. 

In this process, the –ve chloride ions, which are responsible for the damage of the 

passivating film, are drawn away from the vicinity of steel towards the anode, where they are 

oxidized to form chlorine gas. 

The other recent development in corrosion control methods are Re-alkalization and De- 

salnation. The re-alkalisation process allows to make the concrete alskline again and passivate 

the reinforcement steel, by electro-chemical method. This brings back the lost alkalinity of 

concrete of sufficiently high level to reform and maintain the passive layer on the steel. 

In the desalination process, the chloride ions are removed form the concrete, particularly 

from the vicinity of the steel reinforcement by certain electrical method to re-establish the 

passive layer of the steel. 
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It appears that the application of cathodic systems for protection of concrete structures, 

offers some real hope to the concrete technologist, but the field remains open for the 

introduction of innovative methods to overcome problems of both technique and cost. 

4.8.4 Corrosion Resistant Steel 

It is found that suptibility of mild steel to corrosion is not significantly affected by 

composition, grade or level of stress. Hence substitute steel for corrosion resistance must have 

a significantly different composition. Based on some success in atmospheric corrosion, 

weathering steels of the corten type were tested in concrete. 

They did not perform will in moist concrete, containing chlorides. It is observed that 

weathering corrode in similar concrete environments, to those causing corrosion of high-yield 

steel. They noted that although the total amount of corrosion was less, than would occur on 

high-yield steel under similar conditions, deep localized pitting developed, which could be 

more structurally weakening. 

Stainless steel reinforcement has been used in special applications, especially as fitments in 

precast members, but is generally too expensive to use as a substitute for mild steel. Very high 

corrosion resistance was shown by austenitic stainless steel in all the environments, in which 

they were tested, but the observations of some very minor printing in the presence of chlorides 

lead to the warning that crevice corrosion suptibility was not evaluated in the test program. 

High titanium alloy bar is being used in some countries. This bar is grouted into holes, 

drilled into the marble stabs, and the grouts are based either on Portland cement or Epoxy. 

4.8.4 Coatings for Steel 

The object of coating to steel bar is to provide a durable barrier to aggressive materials, 

such as chlorides. The coatings should be robust to withstand fabrication of ribcage, and 

pouring of concrete and compaction by vibrating needle. 

Simple cement slurry coating is a cheap method for temporary protection, against rusting of 

reinforcement in storage. 

Central electro chemical Research institute (CECRI), Karaikudi, have suggested a method 

for prevention of corrosion in steel reinforcement in concrete. The steps involved in this 

process are : 

 Derusting 

The reinforcement are cleaned with a derusting solution. This is followed without delay by 

leaning the rods, with wet waste cloth and cleaning powder. The rods are then rinsed in  

running water and air dried. 

 Phosphating 

o Phosphate jelly is applied to the bars, with fine brush. 
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o The jelly is left for 45-60 minutes, and then removed by wet cloth an inhibitor 

solution is then brushed over the phosphated surface. 

 Cement Coating 

Slurry is made by mixing the inhibitor solution, with Portland cement and applied on the 

bar. A sealing solution is brushed after the rods are air cured. The sealing solution has an insite 

curing effect. The second coat of slurry is then applied and the bars are air dried. 

 Sealing 

Two coats of sealing solution are applied to the bars, in order to seal the micro-pors of the 

cement coated an to make it impermeable to corrosive sails. 

The is patent method evolved by CECRI, and licence is given to certain agencies. 

Somehow or other, this method has not become very popular. Some experienced consultants and 

engineers doubt the effectiveness of this method. 

It is one of the effective methods of coating rebars. The fusion bonded epoxy coating is a 

specialized job, carried out in a factory, and not at site of work. Plants are designed to coat the 

straight bars in a continuous process. Initially, the bar is shot blested to remove all mill scale and to 

give the kind of surface finish required. 

This ensures an adequate bond between epoxy and steel. The bar is then heated to a carefully 

controlled temperature, before passing thorugh a spray booth. Eletrostatesically charged epoxy 

powder particulars are deposited evenly on the surface of the bar. It looks greenish in color, the 

coating thickness vary from 130 to 00 microns. 

Although epoxy coated bars have an excellent protection to corrosion in aggressive 

environment, there are a few limitations. 

After the treatment, cutting and bending may injure the steel, which needs certain sit 

treatment. The site treatment is likely to be inefficient. The presence of any defect in the treated 

body can induce severe localized corrosion, which defeated very purpose. The bars cannot be 

welded. The epoxy is not resistant to rays of sun. 

The bars should not be exposed to sun for long duration before use. The coating may get damage 

during vibration of concrete. The treatment is very costly, as that of steel. This method of 

protection to the steel is being given to all the flyovers, and other structures at Mumbai. 

Galvanized Reinforcement 

Galvanizing of reinforcement consists of dipping the steel bars in molten zinc. This results 

in a coating of zinc, bonded to the surface of steel. The zinc surface with calcium hydroxide in the 

concrete, to form a passive layer and prevents corrosion.
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