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Abstract— Concrete is the most widely used material in the 

world next to water. For the last one and a half century, 

cement concrete has been extensively used for various 

structures which man could dream or conceive of with the 

misconception that they will last forever. Despite the 

availability of equipment for quality concrete construction, in 

the recent past many concrete structures have undergone 

premature deterioration resulting in early reconstruction or 

major repairs involving huge expenditures. This could be due 

to inadequate anticipation of severity in exposure conditions, 

poor quality of construction using site mixed concrete, 

increased severity due of environmental pollution etc. 

Corrosion of reinforcement is one of the major durability 

problems, mainly when rebar in concrete is exposed to the 

chlorides either contributed from the concrete ingredients or 

penetrated from the surrounding chloride-bearing 

environment. Carbonation of concrete or penetration of acidic 

gases into the concrete, are the other causes of reinforcement 

corrosion. IS 456:2000 provides various provisions for 

durability requirements, but some modifications are required 

in these provisions such as classification of exposure 

conditions based on causes of deterioration [1]. 
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I. INTRODUCTION 

Concrete is a composite material composed of coarse 

aggregate bonded together with a fluid cement that hardens 

over time. Most concretes used are lime-based concretes such 

as Portland cement concrete or concretes made with other 

hydraulic cements. The rate of corrosion directly affects the 

extent of the remaining service life of a corroding RC 

structure .Once reinforcement corrosion is initiated, it 

progresses almost at a steady rate and shortens the service life 

of the structure, by causing surface cracking and subsequently 

spalling of the cover concrete due to expansion of the 

corroding steel. 

 Corrosion span i.e. total time required for cover 

cracking is divided into two spans, first initiation period and 

second propagation period. When placed inside concrete, 

reinforcing steel is protected from corrosion by a passive 

layer forming on its surface due to the high alkalinity of 

concrete. However, the steel can be de passivated by either 

carbonation or chloride ion penetration. If this occurs, the 

propagation phase of reinforcement corrosion starts. The 

majority of service life models set the end of the service life 

of a structure at that instant, although virtually no damage 

actually occurs at this point. The damage occurs after a 

certain period of active corrosion. As rust occupies a larger 

volume than its parent steel, internal pressure is exerted on 

concrete cover. Since concrete tensile strength is relatively 

low, at a certain point in time cracking of the cover can 

follow. This is the first visible sign of ongoing reinforcement 

corrosion. 

Corrosion of reinforcing steel is a serious problem with 

multiple consequences, besides cover cracking: 

1) It reduces the effective reinforcing steel area, lowering 

the load-bearing capacity of the composite section and 

increasing deflections. 

2) It causes a change in steel ductility as such, leading to a 

more brittle behaviour. 

Even though these are serious structural issues, visible cover 

cracking is usually a timely warning that deterioration is 

taking place. It is, sometimes, reasonable to set the end of the 

service life of a structure at this point, because cracking can 

be observed with visual inspection. Durability of structure is 

found to be most important aspect for design as premature 

deterioration of structures is increasing day by day. Durability 

classification as per IS 456:2000 is not based upon causes of 

deterioration [1], [2]. Hence modifications in provisions of IS 

code according to specific deterioration cause is necessary for 

better durability of concrete structures. This modifications 

can be done by comparing classifications in other 

international codes. Corrosion of reinforcement is 

predominant phenomenon for deterioration of concrete 

structures. Hence analysis of consequences of corrosion on 

structure by corrosion model is needed. Various authors such 

as Kulkarni V.R. [1] S. Ramalingam et. al. [2] have studied 

need of modifications in exposure classes of IS 456:2000 

according to causes of corrosion by comparing with various 

international codes such as ACI, EN 206-1:2000, AS 

3600:2001, ACI 318:2008. 

II. HISTORIC REVIEW ON DURABILITY OF CONCRETE 

Importance of concrete structure in the modern era and 

historic review of construction practices over last century has 

been reviewed by P.K. Mehta and R.W. Burrows [3]. Some 

2000-year-old unreinforced concrete structures, such as the 

Pantheon in 

 Rome and several aqueducts in Europe, made of 

slow-hardening, lime-Pozzolana cements, are in excellent 

condition, while the 20th century reinforced concrete 

structures that are constructed with Portland cement are 

quickly deteriorating. When exposed to corrosive 

environments like deicer salts and seawater, serious 

durability problems have occurred in bridge decks, parking 

garages, undersea tunnels, and other marine structures less 

than 20 years old. In the recent past, it was generally found 

that neither structural design nor materials were responsible 

for the lack of durability. In most cases, it was the 

construction practice that turned out to be the culprit. 

Inadequate consolidation or curing of concrete, insufficient 

cover for the reinforcement, and leaking joints are examples 

of poor construction practice. A serious issue now is the 
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growing evidence of premature deterioration in recent 

structures that were built in conformity with the state-of-the-

art construction practice. This means that the premature 

deterioration of concrete structures will continue to occur at 

unacceptably high rates unless we take a closer look at the 

current construction practice to understand and control the 

primary causes that adversely affect the durability of 

concrete. 

 Before 1930 deterioration of concrete had occurred 

either due to crumbling (possibly from exposure to freezing 

and thawing) or due to leaching from leaking joints or poorly 

consolidated concrete. No cases of cracking-related 

deterioration were reported. It is known that concrete with 

pre-1930 Portland cements developed strengths at a very slow 

rate because they were coarsely ground (~ 1100 cm2/g,) and 

contained a relatively small amount (less than 30 percent) of 

tricalcium silicate C3S. Burrows[3] believes that the 

transition from a concrete that deteriorated by crumbling or 

leaching to one that deteriorates by cracking occurred when 

cement manufacturers started making faster-hydrating 

Portland cements by raising the fineness and the C3S content. 

 Mehta and Burrows [3] have drawn following 

conclusions from the 20th century construction practices 

 A number of field surveys during the 20th century 

have shown that since 1930 whenever cement and concrete 

strengths were raised, this was generally followed by a 

corresponding increase in deterioration problems. 

 A gradual increase in the C3S content and fineness 

of general-purpose Portland cements have enabled these 

cements to develop very high strengths at early ages. There is 

a general trend now to produce correspondingly high early-

strength concrete mixtures containing large proportions of 

modern Portland cement. Compared to old concrete mixtures, 

modern concrete tends to crack more easily due to lower 

creep and higher thermal shrinkage, drying shrinkage, and 

elastic modulus. There is a close, inverse relation between 

high strength and early-age cracking in concrete. 

 There is a close relationship between cracking and 

deterioration of concrete structures exposed to severe 

exposure conditions. 

 Premature deterioration of concrete structures has 

occurred even when state-of- the-art construction practice 

was followed. This shows that there is something wrong with 

the current durability requirements for concrete in our codes 

when considering the service life of actual structures, the 

results of laboratory tests on concrete durability should be 

used with caution because the cracking behavior of concrete 

is highly dependent on the specimen size, curing history, and 

environmental conditions. 

 Some changes needed in modern construction 

practice are suggested by Mehta and Burrows [3] they are as 

follows: 

 The belief that society is being well served by high-

speed construction is questionable due to dramatic changes 

during the 20th century. Globally, we do not have a labour 

shortage, but we do face a serious problem of man-made 

climate change which brings into the limelight the 

construction materials like steel and concrete that are being 

produced at a great cost to the environment. Therefore, 

conservation of materials, not the construction speed, should 

be the new emphasis of the concrete industry in the 21st 

century. 

 The belief that the higher the strength of concrete, 

the more durable will be the structure, is not supported by 

field experience. High-early strength concrete mixtures are 

more crack-prone and deteriorate faster in corrosive 

environments. Codes should be amended to stress this point 

adequately. 

 The belief that the durability of concrete can be 

controlled by controlling the w/c ratio is not correct because 

it is not the w/c ratio but the water content that is more 

important for the control of cracking. A reduction in the water 

content will bring about a corresponding reduction in the 

cement content at a given value of strength, which in turn, 

will reduce thermal contraction, autogenous shrinkage, and 

drying shrinkage of concrete. Therefore, to achieve 

durability, the standard practice for selecting concrete 

mixture proportions will have to undergo a fundamental 

change. 

 A substantial reduction in water requirement can be 

achieved by using a well-graded aggregate. Additional 

reductions in the water content of concrete mixtures can be 

realized by the use of midrange or high-range water-reducers, 

high- volume fly ash or slag cements, and coarse-ground 

Portland cements. 

III. EXPOSURE CLASSES CLASSIFICATIONS FOR DURABILITY 

Codes and specifications followed in different countries play 

an important role in ensuring the durability of concrete 

structures. The vast majority of international codes on 

structural concrete they specify the limiting values of the 

following four parameters for code-defined exposure 

conditions: 

1) Minimum cement (cementitious) content 

2) Maximum free water-binder ratio 

3) Minimum grade of concrete 

4) Cover to reinforcement 

A. Indian Standards IS 456:2000 

The Indian Standard for plain and reinforced concrete, IS 456, 

which was revised in the year 2000 laid emphasis on 

enhancing durability of concrete.[4] The prescriptive 

provisions on concrete durability made in the 1978 revision 

were thoroughly revised. The revision added two new 

exposure classes, namely “very severe” and “extreme” to the 

earlier three classes, Table 1. Further, the minimum grade of 

concrete for structural application was raised from M15 to 

M20 and the minimum nominal cover to the reinforcement 

was linked with the exposure classes, Table 2. The standard 

encouraged the use of supplementary cementitious materials 

such as fly ash, ground granulated blast-furnace slag, high 

reactive metakaolin, silica fume, rice husk ash, etc. in 

concrete and the prescriptive provisions for minimum cement 

contents were considered to be inclusive of the SCM 

(supplementary cementitious materials) additions. An upper 

limit of 450 kg/m3 of cement content was also introduced in 

the standard. 

Environment Exposure conditions 
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Mild 

Concrete surfaces protected against 

weather or aggressive conditions, except 

those situated in coastal areas 

Moderate 

Concrete surface sheltered from severe 

rain or freezing whilst wet; concrete 

exposed to condensation and rain concrete 

continuously under water; concrete in 

contact or buried under non-aggressive 

soil/ground water; concrete surfaces 

sheltered from saturated salt air in coastal 

area 

Severe 

Concrete surfaces exposed to severe rain, 

alternate wetting and drying or occasional 

freezing whilst wet or severe 

condensation; concrete completely 

immersed in sea water; concrete exposed 

to coastal environment 

Very severe 

Concrete surfaces exposed to sea water 

spray, corrosive fumes or severe freezing 

conditions whilst wet; concrete in contact 

with or buried under aggressive sub-

soil/ground water 

Extreme 

Surface of members in tidal zone; 

members in direct contact with liquid/solid 

aggressive chemicals 

Table 1: Environmental Exposure Conditions as per 

IS456:2000 [4] 

Source: Table 3 of IS 456:2000 

Exposure 

Maximum 

free w/c 

ratio 

Minimum 

grade of 

concrete 

Minimum 

nominal 

concrete 

cover,* mm 

Mild 0.55 M 20 20** 

Moderate 0.50 M 25 
30 

 

Severe 0.45 M 30 45*** 

Very 

severe 
0.45 M 35 50*** 

Extreme 0.40 M 40 75 

Table 2 Limiting Values as per IS 456:2000 [4] 

[Source: Table 5 of IS 456:2000] 

Notes: 

 For a longitudinal reinforcing bar in a column, nominal 

cover shall not be less than 40 mm, nor less than the 

diameter of such bar; 

 For reinforcement upto 12 mm dia. bar for mild 

exposure, the nominal cover may be reduced by 5 mm; 

 For exposure conditions severe and very severe, 

reduction of 5 mm may be made, where concrete grade 

is M 35 and above. The actual concrete cover should not 

deviate from the required nominal cover by +10 mm. 

B. V.R. Kulkarni’s Exposure Classification 

In the critical review of durability issues in India by V.R. 

Kulkarni [1] he has represented durability aspect for Indian 

conditions. The problem of early deterioration of concrete 

structures is not as severe in India as that in the western world. 

This could mainly be attributed to two factors. Firstly, as 

compared to the western countries the total stock of the 

concrete structures in India is far less. The growth in 

infrastructure and housing sectors is a recent phenomenon. 

Secondly, a major part of the country is generally subjected 

to moderate environmental conditions, excepting of course 

the coastal and industrial belts and certain extreme climatic 

zones, in which concrete structures do face aggressive 

environment. It is in these areas that the problems of 

deterioration of concrete are causing concern in India. Of 

course, poor quality of construction using labor-intensive 

site-mixed concrete has also lead to early deterioration of 

concrete structures located even on moderate climate zones. 

Further, environmental pollution in major cities has increased 

steeply in recent years and it is accelerating deterioration of 

concrete especially the poor quality concrete in these cities. 

 The country has a large coastal line and a number of 

cities and metropolis located in the vicinity of the coastal belt 

are witnessing the phenomenon of early deterioration of 

reinforced concrete structures. Same is the fate of a number 

of bridges, jetties, docks, harbours, etc. in these areas. 

Further, a number of civil engineering structures in chemical, 

petro-chemical, fertilizer, and other industries, which are 

subjected to aggressive chemical attack are facing serious 

problems. Unfortunately, no reliable estimates of such 

deterioration are available. One indirect way to judge this is 

to look for the estimate of cement used for repair and 

maintenance. The Cement Manufacturers Association 

(CMA) has published data on end uses of cement based on a 

market survey conducted in the late nineties and the details of 

the same are provided in Table 3 It indicates that nearly 35 

percent of the cement produced in the country goes into repair 

and maintenance. This is indeed a very high figure for a 

developing country like India. 

Year 
Residential 

buildings 

Non- residential 

building 

Roads & 

bridges 
Railways 

Other 

constructions 

Repairs and 

maintenance 

1994-95 19.1 19.6 4.1 1.4 20.1 35.7 

1995-96 18.3 20.5 3.6 1.2 19.3 37.1 

1996-97 18.3 20.8 3.3 1.2 18.7 37.7 

1997-98 18.5 20.2 3.8 1.0 17.9 38.6 

1998-99 17.4 22.7 3.4 0.8 20.9 34.8 

Table 3: End uses of Cement: CMA study [1] 

 On the background of recent changes in the 

durability provisions of international standards, the existing 

classification of exposure classes in IS 456:2000 (Table 1), 

which is based on arbitrary definitions in categories such as 

mild, moderate, severe, very severe and extreme classes, 

seems inadequate and restrictive. Such definitions certainly 

need to be expanded and made more rational[1]. Considering 

the international trends, it would be appropriate for the Indian 

Standard to align its exposure classes based on the anticipated 

severity of exposure during the service life of structures. If 

such changes are made in the definitions the designer would 

be constrained, right at the design stage, to give a detailed 
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thought to the likely degradation mechanisms to which the 

structure would be subjected to during its service life. Further, 

such definitions would be helpful in evolving performance-

based specifications for concrete structures at a later stage. 

1) Modified Exposure Classes for Indian Conditions 

Some modifications in provisions and classification of 

exposure conditions is suggested by V.R. Kulkarni [1]. He 

has divided corrosion prone zones in country according to the 

corrositivity map of India. India is basically a tropical country 

and the major environmental parameters that influence 

degradation mechanisms in reinforced concrete are 

temperature variations and fluctuations in the levels of 

moisture, chlorides, sulphates and carbon dioxide. The 

phenomenon of freezing and thawing is generally not 

experienced in the country, excepting certain pockets, close 

to the vicinity of the Himalayas. Similar is a case for 

phenomena like alkali-aggregate reaction and aggressive 

chemical attack from sources other than sulphates, which 

again are likely to be encountered only in certain few pockets. 

Therefore, it is felt that exposures to alkali- aggregate 

reactivity, aggressive chemical attack due to sources other 

than sulphates, freezing and thawing, abrasion, shrinkage, 

creep etc. should be considered as special cases and may not 

be included in the general definition of exposure classes. 

They may be dealt with separately by the design engineer by 

consulting the relevant expert literature on the topic. 

 For general purpose, it is suggested that the main 

classification of exposure classes in IS 456:2000 may be 

based on the following commonly-encountered conditions: 

 Class ‘C’ for concrete exposed to carbonation 

 Class ‘Cr’ for concrete subjected to corrosion 

 Class ‘S’ for concrete exposed to sulphates 

 Class ‘P’ for concrete requiring low penetration 

resistance or permeability. 

It is further suggested that the above-mentioned main classes 

may be divided into following sub-classes: 

 Carbonation “C” – 3 (C0, C1, C2) 

 Corrosion “Cr”– 6 (Cr0, Cr1, Cr2, Cr3, Cr4, Cr5) 

 Sulphate attack “S” – 5 (S0, S1, S2, S3, S4) 

 Penetration resistance “P”– 2 (P0, P1). 

 Thus, there would be a total of 16 sub-classes and 

the detailed description of each one of them is included in 

Table 4. The division of sub-classes is based upon the risk of 

the likely levels of moisture/humidity, chlorides, sulphates 

and carbon dioxide. It may be pointed out that a provision for 

“no risk” class is made in each of the main exposure classes. 

This provision is particularly important as it will make the 

designer to categorically state if there is a risk or otherwise of 

a particular degradation. Thus, the designer cannot remain 

ambiguous regarding the possibility of a particular 

degradation. 

Exposure 

class 

Sub- 

Class 
Definition of exposure class Typical example of exposure class 

C 

Carbonation 

C0 No risk of carbonation 
Well protected concrete which will remain dry during service life; 

e.g. inside of buildings 

C1 Moderate to high humidity 
Concrete subjected to moderate to high humidity; e.g. exposed 

concrete but sheltered from rains 

C2 Cyclic wet and dry Exposed concrete not sheltered from rains 

Cr 

Corrosion 

Cr0 No risk of corrosion 
Plain concrete; concrete with reinforcement or embedded metal 

that is well protected and will remain dry during service 

Cr1 

Moderate humidity and 

chlorides from sources other 

than sea water 

Concrete structures located in “moderate” region of the corrosively 

map of India 

Cr2 
Exposed to chlorides from 

sources other than sea water 

Concrete structures located in “severe” region of the corrosively 

map of India 

Cr3 

Exposed to airborne salts, but 

not in direct contact with sea 

water 

Concrete structures located in the “extremely severe” region of the 

corrosively map of India 

Cr4 
Tidal, splash and spray zones 

of sea water 
Sea-defense structures, concrete structures located in creeks, sea 

Cr5 
Carbonation-induced 

corrosion 

Structures subjected to severe carbonation leading to corrosion of 

reinforcement 

S Sulphate 

Attack 

S0 No risk of sulphate attack 
SO3 < 0.2 % (soil) 

SO3 < 300 ppm (water) 

S1 Risk of mild sulphate attack 
0.2 < SO3 < 0.5% (soil) 

300 < SO3 < 1200 ppm (water) 

S2 
Risk of moderate sulphate 

attack 

0.5 < SO3 < 1.0% (soil) 

1200 < SO3 < 2500 ppm (water) 

S3 Risk of severe sulphate attack 
1.0 < SO3 < 2.0% (soil) 

2500 < SO3 < 5000 ppm (water) 

S4 
Risk of very severe sulphate 

attack 

SO3 > 2.0% (soil) 

SO3 > 5000 ppm (water) 

P 

Penetration 

Resistance 

P0 No risk of water contact 

Concrete elements where resistance against permeability to water 

is not essential, e.g. interior elements of building mainly remaining 

dry 
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P1 Exposure to water/moisture 

Concrete elements requiring low permeability; e.g. elements 

exposed to heavy rainfall (> 2000mm) or those subjected to high 

humidity or those in contact with water (water retaining structures) 

Table 4: Suggested Exposure Classes for India V. R. Kulkarni (2009) [1] 

2) Corrosion Based exposure Classification 

It is well known that corrosion of reinforcement in concrete 

is an electrochemical phenomenon and there are three main 

pre- requisites for corrosion to occur: threshold level of 

chloride ions at anode, reasonable humidity (moisture), and 

cathode having access to oxygen. Once the chloride ion 

concentration at reinforcement exceeds the threshold level 

and sufficient amount of moisture and oxygen are available 

in the system, corrosion of reinforcement can proceed fast. 

Corrosion is a destructive phenomenon. Once the structure is 

affected by corrosion, it is difficult to mitigate the damage. 

 Corrosion can be induced by carbonation. Once the 

carbonation front reaches the reinforcement level, the 

alkalinity of the cementitious paste around reinforcement is 

reduced, thus creating conditions for the onset of corrosion. 

Carbonation is generally a slow process. Corrosion induced 

by chloride ions is considered to be more destructive than 

carbonation-induced corrosion. 

 Chloride-induced corrosion is a common cause of 

concrete deterioration in all types of structures located in 

coastal belt. The damage occurs at a much rapid pace in 

warmer climate (e.g. India). It is reported that most chemical 

reactions double in the rate for every 100C increase in 

temperature [1]. India has a long coast line and the risk of 

corrosion exists in structures located in the close vicinity of 

the coast. For this purpose, the corrosion map of India (Figure 

1) could be a good guide. The corrosion map of India was 

reportedly prepared by the Corrosion Advisory Bureau, 

Metals Research Committee (Council of Scientific & 

Industrial Research) Jamshedpur. The map was drawn on the 

basis of data collected over the 5 year period from 1963 to 

1968 and published in 1970. Unfortunately, it seems that this 

map was not updated in recent years. While there is an urgent 

need of updating the map, the same is used in the paper in 

absence any other published data. From Figure 1 it can be 

deduced that the risk of chloride- induced corrosion would be 

highly imminent in the “extremely severe” and “severe” 

regions of southern and north-eastern parts of India. 

 The degree of corrosion damage would depend upon 

a host of factors. Hence, the corrosion-prone area indicated in 

Figure 1 could be sub-classified into more sub- categories, 

depending upon severity of exposure factors; chief amongst 

which would include relative humidity, ingress of chlorides 

(from sea water or other than sea water), direct contact with 

sea water, location in splash zone, etc. Depending upon these 

conditions, corrosion class “Cr” is sub-divided into six types, 

Table 4. 

C. Carbonation based Classification 

Carbon-dioxide present in air reacts with the alkaline 

constituents of concrete. The reaction changes alkalinity and 

the pore system of concrete. With the passage of time, more 

and more portion of concrete gets carbonated and the 

carbonation front shifts from the outside face towards the 

reinforcement. When the alkalinity of cover concrete 

decreases below a pH value of around 10, reinforcing steel 

can no longer be passivated. It can lead to corrosion of 

reinforcement. The rate of carbonation mainly depends upon 

the following factors: 

 Level of humidity/water saturation of concrete: wet 

concrete will not carbonate! 

 Water/binder ratio: lower the w/b ratio, slower would be 

carbonation 

 Curing : poor curing can lead to rapid carbonation 

 Cementous materials: materials like fly ash and 

blast-furnace slag are more vulnerable to carbonation; 

however, for equal strengths, the carbonation of both OPC 

concrete and concrete with supplementary cementitious 

materials is observed to be similar. 

 Carbonation would be a major deterioration factor in 

the interior parts of India. It would be safe to assume that 

structures located in interior parts of the country, excepting 

areas marked as “extremely severe” and “severe” in Figure 1, 

would be prone to carbonation. This does not mean that areas 

in “extremely severe” and “severe” regions would not be 

subjected to carbonation. However, since chloride-induced 

corrosion is more severe and fast than the carbonation-

induced corrosion, it is suggested that design for chloride-

induced corrosion would automatically provide protection 

against carbonation23. Incidentally, carbonation-induced 

corrosion is categorized under category “Cr5” and the same 

is already described above. 

 As carbonation is dependent upon the level of 

humidity, the degree of protection and level of saturation of 

concrete structures, the carbonation exposure class (C) is 

further sub-divided into three sub-classes, Table 4 

 
Fig. 1: Corrositivity Map of India 

D. Sulphate Attack based Classification 

In addition to carbonation and corrosion, structures could be 

subjected to the risk of sulphate attack, depending upon the 
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level of SO3 in ground water and/or soil. Sub- classes under 

sulphate attack are therefore divided based on the levels of 

SO3. The existing provision in IS 456:2000 (see Table 4 of 

the code) are also based on the levels of SO3 in ground water 

and soil. Here, in this classification it is proposed that the 

provisions of classification be maintained similar to the one 

given in Table 4 of IS 456:2000. 

E. Penetration Resistance based Classification 

It is well known that the penetration resistance or 

permeability of concrete is the crux of its durability. The 

presence of water/moisture is crucial for any major 

degradation. The latest literature on durability puts 

considerable emphasis on controlling the penetration 

resistance of concrete to ensure its long-term durability. The 

revised exposure classification therefore includes penetration 

resistance to water/moisture as a separate class of exposure, 

Table 4. This class of exposure may become governing in 

case of all water-contact and water- retaining structures. In 

corrosion-prone exposures, lower penetration resistance to 

chlorides will also be essential in addition to lower 

permeability to water/moisture. 

Exposure 

class 

Exposure 

sub-class 

Max. 

w/b 

ratio 

Minimum 

cementitious 

content, 

kg/m3 

Minimum 

grade of 

nominal 

concrete 

Minimum 

cover to 

reinforcement, 

mm 

Recommendation 

on cementitious 

materials* # 

Special 

Requirement 

C 

Carbonation 

C0 0.55 300 M20 20 OPC, PPC, PSC 

 C1 0.45 320 M30 30 OPC, PPC, PSC 

C2 0.45 340 M35 45 OPC, PPC, PSC 

Cr 

Corrosion 

Cr0 0.55 300 M20 20 OPC, PPC, PSC The total acid 

soluble chloride 

content in fresh 

concrete should 

not exceed the 

values stipulated 

in Table 7 of IS 

456. 

Cr1 0.45 320 M30 30 OPC, PPC, PSC 

Cr2 0.45 340 M35 45 OPC, PPC, PSC 

Cr3 0.40 360 M40 50 OPC, PPC, PSC 

Cr4 0.40 400 M50 75 OPC, PPC, PSC 

Cr5 0.45 340 M35 45 OPC, PPC, PSC 

S Sulphate 

attack 

S0 0.55 300 M20 20 OPC, PPC, PSC 

When chlorides 

are also 

encountered 

along with 

sulphates, it is 

not advisable to 

use SRPC** 

S1 0.50 330 M25 30 OPC, PPC, PSC 

S2 0.50 330 M25 30 SRPC, PPC, PSC 

S3 0.45 370 M40 45 
SRPC, super 

sulphated cement 

S4 0.40 400 M50 75 

SRPC, super 

sulphated cement 

with protective 

coating 

P 

Penetration 

resistance 

P0 0.55 300 M20 20 OPC, PPC, PSC 

 
P1 0.45 340 M35 45 OPC, PPC, PSC 

Table 5: Recommended Limiting Values of Concrete Properties for Exposure Classes in Table 4[1] 

Table 5 presents limiting values of the properties of concrete. 

The recommended values include maximum water/binder 

ratio, minimum cementitious content, minimum grade of 

concrete, minimum nominal cover to reinforcement, 

recommendation on cementitious materials and special 

requirements. It needs to be emphasized here that the revised 

values suggested in Table 5 are more or less similar to those 

included in the existing standard. Excepting certain urban and 

semi-urban locations where ready- mixed concrete has today 

made inroads, an overwhelming majority of concrete in India 

is still being done by following the age- old site-mix 

practices. Considering this, it is considered prudent to keep 

the limiting values of concrete properties on a conservative 

side, more or less similar to those in IS 456:2000. 

 Cementitious contents recommended in Table 5 are 

irrespective of the grades of cement used and they are 

inclusive of the additions mentioned in clause 5.2 of IS 456. 

In place of PPC or PSC, separate addition of SCMs such as 

fly ash, GGBS, silica fume, and high reactive metakaolin to 

OPC can be permitted, provided it is ensured that they have 

the requisite physical and chemical properties as stipulated in 

relevant IS codes and a high-efficiency mixer such as that 

used in a typical ready-mixed concrete facility is used in 

producing concrete. 

 For the “no risk” class, the minimum grade of M20 

is recommended with a maximum water/binder ratio of 0.55 

and minimum cementitious content of 300 kg/m3 

IV. CONCLUDING REMARKS  

Based on the above discussion, the following conclusions 

may be drawn: 

 Considering the trend of premature deterioration of 

reinforced concrete structures and considering the need to 

achieve sustainability, durability specifications in many 

countries have become stringent. 

 A new set of environmental classifications for 

concrete construction have been reviewed in this paper. The 

distinct advantages of the new classifications over the 

existing system are that the mechanism of deterioration has 

been taken into account, suitable inputs have been included 

from international codes that have been recently updated, and 

the cover value is integrated into the classification system in 
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this classification. The suggested major exposure classes 

include: carbonation (C), corrosion (Cr), sulphate attack (S), 

and penetration resistance (P). These are further divided into 

16 sub- classes. 

 In the reviewed classification limiting values of 

concrete properties have been suggested based on comparison 

of worldwide codes. These values have to be authenticated 

with laboratory tests and with all the exposure conditions. 

Use of accelerated tests on concrete exposed to varying 

intensity of carbonation, chloride attack, and sulphate attack 

should be done with different sets of cement content and 

water to cement ratio to verify the suggested limiting values 

of concrete properties. 

 In the long term, the limiting values would become 

obsolete, as performance specifications would call for the 

measurement of performance of the concrete in structure, 

rather than prescriptions of the mixture to achieve durable 

concrete. The new system of classification, which addresses 

the mechanisms of deterioration, would be suitable for the 

identification of appropriate test methods and durability 

indicators to devise the performance specifications for a 

given service environment. In other words, the use of the 

reviewed new classification system would pave the way for 

successful implementation of performance specifications. 

REFERENCES 

[1] Kulkarni, V.R. (2009), “Exposure classes for designing 

durable concrete”, The Indian Concrete Journal, March 

2009, Vol. 83, No. 3, pp. 23 – 43 

[2] Saravanan Ramalingam, Manu Santhanam,” 

Environmental exposure classifications for concrete 

construction – A relook” The Indian Concrete Journal, 

May 2012 

[3] P. Kumar Mehta and Richard W. Burrows, “Building 

durable structures in the 21st century”, The Indian 

Concrete Journal, July 2001 

[4] Plain and Reinforced Concrete – Code of Practice 

(Fourth Revision), IS 456 (2000), Bureau of Indian 

Standards, New Delhi.  


