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Lecture — 39

Durability of Concrete-11-Specifications

Welcome to this lecture 39 in our course on hydration porosity and strength of
cementitious materials. And this is the second lecture in the series of durability of

concrete and today we will be talking about specifications.
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* Durability involves interaction of the concrete 5/ [
with the environment in which the (concrete)
structure is located. O o
* Thisinteraction happens largely through the 0 Q

hcp by way of permeation of material from
the environment into the concrete and their
reaction with internal constituents.
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interaction of the constituents of the pore
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In the last discussion we had discussed this slide where we had looked at. This concrete
model and talked in terms of durability involving the interaction of this concrete with the
environment in which the structure is located, and this interaction happens largely
through the hcp by way of permeation of material from the environment into the concrete
and the reaction of these permeating material which could be deleterious at times with

the internal constituents.

In limited cases it also concerns the interaction of the constituents of the pore solution
within the hcp with the aggregates and it said that this is largely the situation when we
are talking about alkali aggregate reaction.
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* We need to better understand and classify
the environments where concrete structures
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We continue to say that we need to better understand and classify the environments
where the concrete structures are built in order to be able to make sure that we are able to
impart the necessary durability to them and this classification has to be quantitative and

unambiguous.
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OVERVIEW

Parameters for classification Depending on the requirement,

of environment could be: we may need to change:
* Chemicals (Chloridesy = Cement (type, content, etc.)
sulfates,......) = Water-cement ratio

» Temperature / = Cover to reinforcement
* Presence of water
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Basically it boils down to the situation which is depicted in this slide. Here we have a
concrete which we want to be durable. Now this concrete is located in an environment



which can be classified in terms of the chemicals the temperature presence of water and

SO on.

Now, in order that this concrete is durable we need to specify things like the cement
water cement ratio the cover to the reinforcement crack width and so on. So, basically we
can model the situation or try to understand the situation in the framework of a demand
supply model. Demand is something which the environment the severity of it places on
the structure. Now the more severe the environment the higher is the demand. Now how
does this concrete structure or the concrete in that structure meet the demand. That is
something which is the capacity which this concrete has to resist or to fulfill the demand
be imposed. Now we impart this durability or this capacity by way of the cement content
the water cement ratio the cover to reinforcement cracked width and also of course, in

are good old way the compressive strength.

So, if we are able to ensure the parameters here or within a certain range, then implicitly

we try to meet the demand which is being placed on this concrete by the environment.
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In our previous discussion, we seen several examples of
concrete structures from the view point of diverse
environments in which they are located.

We had also seen the approach that some of the codes
in the world have adopted towards classifying the
environment with the view to be able to take steps to
ensure durability.
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So, moving forward let summarize that in our previous discussion we had seen several
examples of concrete structures, from the viewpoint of the diverse environments in
which they are located. We had seen bridges we had seen tunnels we had seen buildings
we had seen roads railways and so on. All of these are in different environments and we

can classify or we can categorize the environments by way of the temperatures the



humidity the content of chlorides or sulfates and so on. And we are also seen the
approach that some of the course in the world have adopted towards classifying the

environment from the view that we are able to take steps to ensure durability.

(Refer Slide Time: 04:13)

Department of Civil Engineering
Indian Institute of Technology Kanpur

1S 456:2000 ISCE EN 1992-1-1 -

e Mild | ‘With regard to corrosion: No risk of corrosion : X0

* Moderate ofNormal —— ° Corrosion induced by carbonation:
* Severe ’ -[Corrosive XC1, XC2, XC3, XC4 .

* Very severe{ +| Severely corrosive * Corrosion induced by chlﬂides:

* Extreme XD1, XD2, XD3 <

*» Corrosion induced by chlorides from
ACI318M: . sea water: XS1, XS2, XS3
* Freeze/Thaw attack: FO, F1, F2, F3 * Freeze/Thaw attack: XF1, XF2, XF3,
« Sulfates: S0, 51, 52, S3 / XF4
« Requiring low permeability: PO,P1 * Chemical attack: XA1, XA2, XA3
» Corrosion protection of
reinforcement: CO, C1, C2
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So, now let us take a quick look at that slide once again. Here is the classification in IS
456 japan society of civil engineering from the point of view of corrosion EN 1992 and
the ACI 318. So, if we look at this classification for example, basically what is being
done is we are saying that there are 5 types of environments, and we have given some
words to them mild moderate severe very severe and extreme, and then we try to fit. In
the different environments from the point of view of presence of moisture presence of
sea water presence of sulfates the temperature variations the rain water into some of
these when it came to ACI for example, it is not the environment that we are talking
about. The classification is based on the likely mechanism of deterioration. ACI are the
there could be structures which are subjected to freeze. And thaw and within freeze and

thaw there is a classification depending on the severity of freeze and thaw expected.

Similarly, there is a classification based on sulfates, there is a classification where low
permeability of concrete is required. And there is a classification for corrosion protection
of reinforcement. So, there is a slight difference in the approach in IS and the ACI the IS
6 to classify the environment whereas, the ACI tries to classify the environment with the

viewpoint of mitigating certain mechanisms of deterioration. Similarly, if we look at the



JSCE again we have a target environment in mind we are talking of corrosion and from
the point of view of corrosion we could have normal corrosive severely corrosive
environments. And similarly as for as the EN is concerned there is the no risk of
corrosion the corrosion induced by carbonation or chlorides are get divided into 2 parts
chlorides, here and those from sea water and we talk of freezing thawing and chemical
attack.

So, there is a little bit of similarity between the approaches here. In both cases it is the
mechanism of the deterioration which has been kept in mind when classifying the

structures.
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Concrete composition and properties

Requirements are specified with regard to :
* Minimum and maximum cement content ) J
* Maximum free water-cement ratio Q
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* Minimum strength of concrete 0
* Air-content of concrete

* Concentration of chlorides, sulphates and
alkalies

» Concentration of aggressive chemicals in
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Now, moving forward what do we need to do when it comes to specifications. That is
what are the parameters that will help us lay down the guidelines for what kind of
concrete is to be used. And that is something which we will be talking about they most of
the time one could be the minimum and maximum cement content. It could be the
maximum free water cement ratio. It could be the minimum strength of concrete. It could
be the air content in concrete or the concentration of chloride sulphate and alkalies or the

concentration of aggressive chemicals and mixing water and likewise.

The thing is | would like to draw your special attention to this provision here and
especially the term mixing water. What is being said is that the material that we use

should have a certain characteristic. It should be for example, free from chlorides. We



cannot really control the chlorides that will enter the concrete from outside. And
therefore, in order to minimize the total chloride content in the concrete during the
service life one of the steps that we can take at the time of building this structure or
construction is to ensure that with chloride content in the fresh concrete is kept to a bare
minimum there can be a requirement that we will not accept concrete which has more
than a certain level of chloride. And this level could be depending on whether we have

reinforced concrete or pre stressed concrete or plain concrete and so on.
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3’;"/ Plain concrete ¢ L Reinforced concrete < Ll
Min. Max. free - (JI Min. Max. free |~ ‘UK‘” Wm‘\’
X Min. Min.
Exposure cement water— cemen water—
grade of grade of
content*® cement colcrate y cement ek
(kg/m?3) ratio (kg/m3) / ratio
mild | 220 0.60 - 300 0.55 | M20 [
Moderate | 240 060 || Mmisf 300/ 0.50 mM25 |
Severe | 250 050 [ | m20 320 0.45 M30 |
{ ‘ |
= | oen 0.45 ' M20 349 0.45 M35
| Severe
Extreme | 280 040 | [ m2s 360 0.40 M 40|

* Adjustment is needed if the maximum size of aggregateis other than 20 mm
AN A
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Now, going into the details of these specifications let us look at the limit is which have
been prescribed for the minimum cement content the maximum free water cement ratio
the minimum grade of concrete for plain concretes and reinforced concretes as for as IS
456 is concerned. So, this table has been taken from the document itself and of course, it
also says that we can make an adjustment in the minimum cement content if the
aggregate size is more than 20 mm or is other than 20 mm, and we can see that for plain
concrete we could use concretes which are in this range as for as the characteristic
strength is concerned. Compared this column with respect to this column which is for
reinforced concrete and we can see that the grades of concrete are about 10 MPa higher

or maybe even 15 MPa higher when it comes to more severe environments.

Similarly, the water cement ratio requirements are much more stringent here than here

and the minimum cement requirements are also higher. One thing | would like to point



out is that we discussed some time though that when we are talking about the cement in
this day and age we must also a specify whether we are talking about the OPC content or
we are talking of the cementitious material content or we are talking about some kind of
an equivalent cement content, where the OPC and a part of this cementitious material
depending upon it is efficiency is taken into account. So, this whole idea of specifying a
water cement ratio or water to the cementitious material ratio that is something which we
need to keep in mind. And it sometimes becomes one of the issues where there is no
agreement between that see the contractors and the clients or the owners and so on.

Therefore, it becomes imperative that we pay a greater attention to a specify the grade of
concrete or build in the permeability kind of requirement. We say that we want a
concrete which has a certain permeability regardless of what kind of cement or what kind

of water cement ratio or the water cementitious material ratio has been used.

(Refer Slide Time: 10:45)
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* In case of RCC, code specifies the maximum total aci(/i soluble
chloride content as 0.6 kg/m? of concrete.

* To reduce the expansion of concrete due to sulphate attack, the
maximum total water-soluble sulphate content (as SO;) has been
specified as 4% by mass of cement.

* In order to mitigate AAR, the maximum alkali content in cement (as
Na,O equivalent) has been specified as 0.6%:
e = S e

Limits specified as per
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Now, moving forward if you look at the chloride sulphates and alkali content, in the case
of RCC the code specifies the maximum total acid soluble chloride content to be 0.6 kg
is in a cubic meter of concrete and in order to reduce the expansion of concrete due to
sulphate attack the maximum total water soluble sulphate content as a SO3 has been

specified as 4 percent by mass of cement.

So, when we talk of total asset soluble of course, it is a matter of detail that in concretes

we often talk in terms of acid soluble and water soluble chlorides. As for as the total is



concerned if you read literature there will be free chlorides and then there will be bound

chlorides or fixed chlorides and this total is actually the sum of these two.

So, without getting into the detail if you are interested of course, you should go back to
some of the references that have sited this is what the specification else in order to
mitigate the alkali aggregate reaction the maximum alkali content is cement as Na2
equivalent has been a specified as 0.6 percent. And how do we calculate the Na20
equivalent | am. So, if we talked about this before the Na20 equivalent is equal to the
Na20 content in the cement plus 0.658 times the K20 content. So, this is how we
calculate the equivalent Na2 a content in a cement and that value should be less than 0.6
percent when it comes to cement content as for as IS 456 is concerned and adjustment in
the cement content is proposed if the normal size of the aggregates of the nominal
maximum size of the aggregate is different from 20 mm that is maybe it is 10 mm or 40

mm recommended adjustments are plus 40 minus 30.
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An adjustment in cement content is proposed if the

nominal maximum size of the aggregate is different from

20mm. For 10mm and 40mm aggregate, the

recommended adjustment is +40 kg/m3 and -30 kg/m3,
respectively.

Maximum cement content has been specified as 450
kg/m? of concrete.

Limits specified as per IS 456:2000
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So, the cement content needs to be increased if the nominal maximum size of aggregate
is smaller and may be reduced if that size is larger the maximum cement content

proposed in IS 456 has been a specified as 450 kg S to a cubic meter of concrete.
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Under-water concreting

* Water-cement ratio shall not exceed 0.6 and may need to be
smaller, depending on the grade of concrete or the type of
chemical attack.

* For aggregates of 40 mm maximum particle size, the cement
content shall be at least 350 kg/m? of concrete.

* Concrete in sea-water or exposed directly along the sea-coast
shall be at least M20 Grade in case of PCC and M30 Grade in case
of RCC.

Other important considerations in IS 456:2000
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Now, there are special conditions in this document and that requires concrete to have
certain special properties. For example, the water cement ratio is not permitted to exceed
0.6 and may need to be smaller depending on the grade of concrete or the type of
chemical attack that is expected in the case of underwater concreting, for aggregates of
40 mm maximum particle size the cement content shall be at least 350 kg S concrete in

sea water or expose directly along the sea coast shall be at least M20 grade.
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Freezing and thawing

The total mean air content by volume of the fresh concrete
during construction should be 5+1 % for 20mm-NMSA* and 4+1
% for 40mm of nominal maximum size of aggregate

Other important considerations in IS 456:2000
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In case of PCC and M30 in the case of RCC as for as freezing and thawing is concerned
the total mean a content by volume of the fresh concrete during construction should be
about 5 plus minus 1 percent for 20 mm nominal size of aggregate and 4 plus minus 1

percent if then nominal maximum size of aggregate is 40 mm.
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Exposure classes
No risk of Carbonation-ncuced Chionde-induced corrosion Freezeithaw amack Aggressive chemcal
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Now, if we come to let us a document like BS EN 2061 of 2000, here are the maximum
water cement ratios or the minimum strength class the minimum cement content
minimum air content and any other requirements for different types of exposure classes.
So, if we can see it ranging from X 0to X C1 X C2 X C 34 excess 1 2 3 and so on. The
maximum water cement ratio from 0.65 to 0.45 here 0.5 here and so on these are the
values which are listed for the different classes of exposure. When it comes to strength
we are talking in terms of different strengths classifications, |1 would like to point out that
when we talk in terms of strength classifications and we tried to compare the strength
requirements across different codes, we must keep in mind that different codes will
specify the characteristic strength of concrete in terms of the kind of specimen that they
use and that something which is very important and relevant because the strength of
concrete determined using a cube specimen and the cylindrical specimen is not really the

Ssame.

So, that something which we must keep in mind the cube strength and the cylinder

strength is not equal. And the cylinder strength can be taken to be about 80 percent of the



cube strength and that conversion if you do only then we should be able to compare a
strength requirement for a given class of exposure across different codes. Now as for as
the minimum cement content is concerned again these values are 260 280 340 here and
so on as for as air content is concerned you can notice that there is no requirement all the
way down except for situations, where we are expecting freeze thaw attack of the

severity of except 2 3 and 4.

In the case of aggressive chemical attack in the case of X A 2 X A 3 we require on this
code requires the use of sulphate resisting cement.
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Limits specified as per ACI 318M-11

Exposure | Max. Min. f Remarks
class @Tc,.ﬁ (MPa)
FO - 17 Minimum air content (a.) has not been specified for FO.  f

However for F1, F2 and F3, minimum a_ is in a range of 4.5-

F1,F2,F3 |0.45 31
/ 6% depending on the NMSA [9.5 mm to 75 mm].

/| so - 17 Limits on cementitious materials are specified. For SO and

[s1 05 8 S1, there is no restriction to use CaCl,. But for S2 and S3,

\ - usage of CaCl, is prohibited.

\ $2,S3 0.45 . 31

|| PO = 17 e ofs

1 05 28 ﬂ% @

/| co,c1 = 17 Inca eHRCC,maximum wat\ersdﬁjble chloride content
shofild be less than 1%, 0.3% and 0.15% by weight of

(| c2 0.4 35 ,
\ cement for CO, C1 and C2 respectively.
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Now, coming to the American concrete institute of the ACI. Here are the exposure
classes this is the freezing and thawing the sulphate attack low permeability and the
structures requiring protection against carbonation. So, here we have for example, we
can notice that, there is a water to cementitious material the specification. And these
numbers are essentially pretty close to a kind of numbers that we see in Indian codes. So,
maybe even the European codes, but in this case we are really talking about the
cementitious material and these are the comments that | have written here explaining or
discussing some of the other requirements for example, for FO F 1 F 2 F 3 the minimum
air content has not been specified for F 0; however, for F 1 F 2 and F 3 the minimum air
content is in the range of 4.5 to 6 depending on the nominal maximum size of aggregate

from 9.5 to 75 mm.



Similarly, in the case of sulphate attack there is no limit on cementitious material
specified for S 0 and S one in the case of corrosive environments in the case of r C the
maximum water soluble chloride content should be less than 1 percent point 3 percent
and 0.15 percentage by weight of cement for C 0, C 1 and C 2 respectively. So, if we
read this a specification a talks of the water soluble fluoride content and it is given in
terms of weight of cement. So, these are the kind of details which are different in

different codes.

We notice that as for as IS codes are concerned there was the specification on the total
chloride content and it was in terms of concrete and not cement. So, when we are
comparing different codes trying to understand which code is more stringent than the
other and that something which is becoming more and more important in this day and
age when we are talking of engineers from one country or companies from one country
trying to do their work in other countries. That is when we need to compare the
specifications in different countries and try to work depending on whatever specification

is applicable for a particular construction.
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Cover requirements (IS 456)

* Minimum values of nominal cover* to reinforcement ensures
sufficient bond, durability and fire resistance.

* Cover req’ﬁmermgely depend on the exposure condition.

* Protection of steel in concrete against corrosion depends og,the
adequate thickness (cover) of&dqualﬁ/’ofc’mc_rgl =

. MoreovemMmfled period of fire resistante, cbv
to concrete plays a major role.

* Nominal cover is the design depth of concrete
cover to all steel reinforcements, including links
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Now, moving on from the specifications for the concrete we go to cover requirements
now cover as we have discussed before is basically the thickness of concrete that is
available to us after the reinforcement to the surface of the environment. So, this cover

thickness again is our shield to protect the reinforcement against corrosion or any other



effects. The minimum value for nominal cover to reinforcement ensures sufficient bond
durability and fire resistance. So, this cover thickness is actually determined based on a
structural consideration that is bond. Durability considerations that is the ingress of
deleterious material and fire resistance in the case when this environment here would
become extremely hot and the steel needs to be protected against an unacceptable rise in

temperature.

This nominal cover is the design depth of concrete cover to all reinforcement including
links. Now when we are talking about the cover we should also remember that if for
example, we have a reinforcement concrete beam like this there is reinforcement here
and then there is a stirrup. Now if we draw this picture a little more in detail we will
realize that there is a main reinforcement and there is a stirrup and this is this surface of
the concrete. So, the cover is not really to the main reinforcement which is this much, but
the reinforcement in the stirrup. So, there is this difference between the cover to the main

reinforcing parts of a member and the cover to the nearest steel surface.

So, even though it may be just about 8 to 10 millimeters, but that is something which is
important when we come to the cover because the total values itself are just about 30 to
40 millimeters has we will see. Of course, cover requirements largely depend on the
exposure condition and protection of steel in concrete against corrosion depends on the
adequate thickness of good quality concrete. Now this good quality of concrete is
something which we have already talked about a little earlier when we are trying to
restrict or try to specify the maximum water cement ratio the minimum strength and that

cement content and so on. And with thickness is what we are talking about in this slide.

Moreover, in achieving the specified period of fire resistance cover of concrete place a
major role. So, indeed there is a fire in the room or there is a design requirement that
steel should be protected against any unacceptable temperature rise then we need to

provide a certain amount of cover from that point of view.
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Exposure Mild Moderate | Severe Very severe Extremel

class /
Nominal 20 30 4s 50 75 | J
cover (mm) e /

notless than = s

1. For main reinforcement up to 12 mm diameter bar for mild exposure, the
nominal cover may be reduced by S mm. However, in any case, nominal
cover should not be less than diameter of bar

2. For exposure condition ‘severe’ and ‘very severe’, reduction 0L§ mm mayy|
be made, where concrete grade is M35 and above. [ |

3. Nominal cover of longitudinal relnmmumn shall in any case |
not be less than 40 mm, or less than the diameter of the bar |

4. Incase of columns of minimum dimension of 200 mm or under, whose
reinforcing bars do not exceed 12 mm, a nominal cover of 25 mm may be ‘
used.

S. For footings, minimum cover shall be SO mm.
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Now, as for as the durability requirements are concerned and in this document IS 456 for
the 5 classifications that is mild moderate severe very severe and extreme the nominal
cover should not be less than 20 30 45 50 and 75 millimeters. Now having a specified
these nominal covers there are these esplanade feed notes for the main reinforcement up
to 12 millimeters diameter for mild exposure the nominal cover may be reduced by 5
millimeters how in any case the nominal cover should not be less than the diameter of
the bar.

Number 2 for exposure condition severe and very severe are reduction of 5 millimeters
may be made where the concrete grade is M35 and above. Now let me explain this part a
little bit whatever essential objective is that this reinforcement should be protected. And
the amount of protection depends on the quality of concrete and the length. So, if the
quality is improved there is an intuitive reason to say that this length can be reduced and
this is what is being stated here that for these 2 conditions that is very severe and severe
if we are using M35 or higher grades of concrete we may reduce the cover by 5
millimeters, but this is not available for extreme conditions. For nominal cover for
longitudinal reinforcement in a column shall in any case not be less than 40 millimeters
or the diameter of the bar in case of columns of minimum dimensions of 200 or under
goes reinforcing bars do not exceed 12 millimeters and nominal cover of 25 millimeters

maybe used.
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Nominal cover for fire resistance (IS 456)

Fire Beams Slabs Ribs Col-
Resi ~ Simply Continuous Simply Continuous Simply Continuous | YMNS
ance(h) Supported (mm) Supported (mm) Supported (mm) (mm)

(mm) (mm) (mm)

0.5 20 20 20 20 20 20 40

1y 20 20 20 20 20 20 40

15 20 20 25 20 35 20 40

2 40 30 35 25 45 35 40

3 60 40 45 35 55 45 40

4 70 50 55 45 65 55 40
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For footings the minimum cover shall be 50 mm. So, these are kind of fine print when
we read a document and try to implement it in a drawing or in actual construction. This
table here gives you the nominal cover for fire resistance. And of course, the fire
resistance would depend on what is the time for which the fire resistance is required. So,
if there is half an hour to 4 hours so; obviously, if the time of the design fire is increased
they cover requirement should be increased we would need a higher amount of concrete
to be able to protect the reinforcement against the fire for a longer duration. And without
getting into the details this time here in the first column depends on what is the kind of a
structure that we are talking about what is it is functional use what is the amount of
combustible material likely to be stored and so on. And we can see that the cover
depends on not only the time of this fire, but also the members the beams the slabs the

ribs in the columns and what are the support conditions.

So, this is governed largely from structural considerations and the fact that we want to

protect the reinforcement against and then acceptable temperature rise.
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Cover requirements as per JSCE

Concrete cover should be greater than diameter of bar, concrete
cover from verification of durability and fire resistance, considering
construction margin

Any of the larger values

Cover that meets the ‘
durability requirements

I Cover l | Construction error ‘—

— Corrosion of remforcing bars
due to cracks

Corross
due t

— Corrosion of remforcng bars
due to chlonde attack

Effect of frost arack

Effect of chenucal attack
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Now, coming to the cover requirements in some other codes let us look at what the JSCE
is (Refer Time: 24:41) civil engineers as the cover concretes shall be greater than the
diameter of the bar the concrete cover from verification of durability and fire resistance
considering the construction margin. So, here we are invoking or including the concept
of construction margin. That is, we know that even though the designer may specify a
certain cover whether it is 40 mm or 40 5 mm or 50 mm, when working at site depending
on the kind of quality control that is used that cover maybe different and that is what is
the construction error. So, what it said is the cover should would be greater than the sum
of the construction error expected plus the bar diameter or the cover that is required from
the durability point of view and as for as the cover from the durability requirements is
concerned it could be corrosion of reinforcing bar due to cracks corrosion of reinforcing
bar due to carbonation decoration of reinforcing bars due to chloride attack the effect of

frost attack and the effect of chemical attack.
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Cover requirements as per JSCE | ¢

chloride-induced corrosion, which essentially takes care of providing'concrete
of adequate cover to achieve the resistance.

As per JSCE N0.15-2007, if the cover provided is 20mm more than the cover
needed to ensure corrosion resistance, structure is expected to have
sufficient fire resistance and no further verification for fire resistance is
needed.

* For footings, the concrete cover should not be less than 75 mm.
* For under-water RCC works (without anti-washout properties), the
minimum concrete cover to be provided is 100 mm.
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Now, talking a little bit more about these requirement, the JSCE especially provides
verification checks against the carbonation induced and the chloride induced corrosion
which essentially take care of the providing of concrete of adequate cover to achieve this
resistance. And as per JSCE number 15 2007 if the cover provided is 20 millimeters
more than the cover needed to ensure corrosion resistance the structure is expected to
have sufficient fire resistance, and no further verification for fire resistance is needed.
For footings the concrete cover should be not less than 75 millimeters for underwater
RCC works without anti washout properties of the concrete the minimum concrete cover

provided is one hundred millimeters.

So, without getting into the details involved this slide has the word verification. Now
what this verification part means is that we say that well we will provide a certain
amount of cover let say 50 millimeters or whatever it is and then verify whether this is
sufficient to meet a well-defined condition. For example, we may say that the chloride
concentration at this level should be less than X. And now in order that the chloride
concentration at the surface of this reinforcing bar is less than X we need to put in place
a certain cover and also certain type of concrete. Now based on a model which talks in
terms of the diffusion of chlorides into this concrete, it can be verified if the
concentration at the reinforcing bar location at the end of service life. This should be less
than this x. So, we are not getting into the modeling of that, but that is what is the

verification statement being made.



So, there is no prescriptive requirement of cover, but a more phenomenon based that is
more mechanism based discussion where we say that the minimum cover provided

should meet a certain functional or a functional requirement.
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Cover requirementsas per EN 1992-1-1

nom = Cmin + allowed deviation
l N——

(LT
The greater value for C_, , satisfying the requirements for both bond and

mir

environmental conditions, have to be used.

C min = Max {C'W".::; Cm n,dur + Cc:u'~, =C dur,st —\/C duradd

where: = = T =
Cpinp is the minimum coven due to bond requirement
Conin.dur is the minimum cover due to environmental conditions,
Caucy is the additive safetysglement,
Cgurst 1S the reduction of minimum cover for use of stainless steel
Cauradq IS the reduction of minimum cover for use of additional
protection.
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Now, coming to EN 1992 the nominal cover here also is the minimum cover plus
allowed deviation. So, this document also talks in terms of a requirement based on or
inclusive of allowed deviations. So, the greater value of C min satisfying the
requirements for both bond and environmental conditions have to be used and therefore,
C minimum should be the maximum of the C minimum which is required or the C
minimum from the durability point of view plus the C durability minus the terms which
is given here or 10 mm where C minimum b is the minimum requirement of cover based

on bond.

C minimum durability is the minimum requirement of cover based on environmental
conditions which is this term here. C durability y here this is the added safety element to
account for the deviations. This is the reduction in the cover which is allowed if we are
using stainless steel or non corrosive steels and there is another reduction which is
permitted if we are using any additional protection. Now what these additional
protections could be that on the surface of concrete we apply a coating. So, that the
reinforcement here is protected against chloride attack. So, the chloride attack in this

case is not only being addressed by the concrete here, but also by providing any



impervious coating all using a certain special type of homework and so on. So, indeed
stands to reason that this cover requirement can be revisited and in fact, reduced. So, that

is what is being allowed here by adding this term C durability additional steps.
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Cover requirementsas per EN 1992-1-1

Crin durlmm) ,for reinforcement corrosion

Structural
class X0 XC1 XC2|XC3 XC4 XD1| XS1 | XD2|XS2 | XD3|XS3
S1 10 10 ‘ 10 15 20 25 30
S2 10 10 ‘ 15 20 25 30 35
S3 10 10 ‘ 20 25 30 35 40
sS4 10 15 | 25 30 35 40 45
| S5 15 20 ‘ 30 35 40 45 50
S6 20 25 | 35 40 45 50 55
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Now, from the durability considerations this is the kind of table which tells us for

different classes of structures what are the minimum requirements for cover.
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Cover requirementsas per ACl 318M

Unless greater cover is required for corrosive environments and fire
protection, cover shall not be less than:

» 75 mm for concrete cast against and permanently exposed to earth

* 50 mm for concrete exposed to weather (19.05 mm < diameter of
bar < 57.33 mm), AND, 40 mm for (diameter of bar < 15.8 mm)

* 40 mm for slabs, walls and joists, which are not exposed to earth and
diameter of rebar being either 43 mm or 57.33 mm; AND, 20 mm for
bars being 35.81 mm or less
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Cover requirementsas per ACI 318M

*40 mm in case of beams and columns, which are not exposed to earth

* 20 mm for shells and folded plates, which are not exposed to earth and diameter
of rebar larger than or equal to 19.05 mm

* 13 mm for shells and folded plates, which are not exposed to earth and diameter
of rebar smaller than or equal to 15.8 mm

» Corrosive conditions:

* Cover to reinforcement should not be less than 50 mm in case of slabs and
walls, and 65 mm for other members. However, for precast members,
concrete cover not less than 40 mm for slabs and walls, and 50 mm for
other members is recommended.
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And similarly we have the requirements given in ACI 318 in this slide and the next one

which is this.
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Crack width as per IS 456:2000

* The surface width of the cracks should not, in general, exceed 0.3 mm in
members where cracking is not harmful and does not have any serious
adverse effects upon the preservation of reinforcing steel nor upon the
durability of the structures.

* In members where cracking in the tensile zone is harmful either
because they are exposed to the effects of the weather or continuously
exposed to moisture or in contact soil or ground water, an upper limit
of 0.2 mm is suggested for the maximum width of cracks.

* For particularly aggressive environment, such as the ‘severe’ category,
the assessed surface width of cracks should not in general, exceed 0.1
mm.

Cl. 35.3.2. of IS 456:2000
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And the last thing that we need to talk about is the crack width that is the flexural track
width in most cases we must remember that as for as concrete structures are concerned
specially effects of beam there is always a possibility. In fact, reinforce concrete
structures are designed with that possibility, that if there is an application of load we will

have certain cracks and these are the flexural cracks that we expect.



Now, these cracks have varying debts as we move from the surface of the concrete
inside, and what we are talked about here is the surface width of these cracks and this is
what is not allowed to exceed point 3 millimeters. And more details are given on this

slide and you can refer to them as we move forward as for as the JSCE is concerned.
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Crack width as per JSCE

Code clearly demarcates the following cracks:
* Cracks due to corrosion of reinforcement

* Flexural cracks

* Shear cracks

* Torsion induced cracks

Various verification procedures pertaining to each of these cracks are
specified in the code.
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The code clearly demarcates the following cracks that is cracks due to corrosion of
reinforcement flexural cracks shear and torsion and various verification procedures

pertaining to each of these cracks have been specified in the code.

(Refer Slide Time: 31:29)

Department of Civil Engineering
Indian Institute of Technology Kanpur

Crack widths as per JSCE

The limit value of crack width for corrosion of reinforcement may be
determined depending on the environmental conditions, concrete
cover and type of reinforcement.

Type of Environmental conditions for remnforcement corrosion
remforcement Normal Corrosive Severely corrosive
Deformed bars and - -
0.005¢ 0.004¢ 0.0035¢
plamn bars
Prestressing steel 0.004¢

¢ = concrete cover, not exceeding 100mm <¥—
Cl. 8.3.2 of JISCE No.15, 2007
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And the crack widths given or listed in this table for different types of reinforcement that
is used, and the environmental condition you will recall that this normal corrosive and
very severe is exactly the kind of 3 classifications of structures that we talked about from

the point of view of corrosion.

But we must remember that there is a maximum stipulation as for as the cover is

concerned the concrete cover should not exceed hundred millimeters.
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Crack widths as per EN 1992-1-1 and ACI 224

Surface crack width as per EN 1992-1-1:

* For exposure classes X0 and XC1, maximum allowable crack width is 0.4mm

* For exposure classes XC2, XC3, XC4, XD1, XD2, XS1, XS2 and XS3, crack width
should not exceed 0.3 mm.

Surface crack width as per ACI 224

Exposure condition Tolerable crack width (mm) |
Drv air or protective membrane 041 |
Humidity, moist air, soil 030 |
Deicing chemicals 0.18 [
Seawater and seawater spray; wetting and drving 0.13 |
Water retaining structures 0.10
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Crack widths as for as EN 1992 and ACI 224 is concerned this table here gives you the
different numbers and we can see that you are talking in terms of crack widths of the
order of about 0.4 and in the case of ACI 224 also it is the surface crack width that we
are talking about and that is given to be 0.4 millimeters and so on depending on the

different exposure conditions.

So, today we have tried to talk in terms of the specifications as to how to get durable
concrete. In terms of the cement the water cement ratio the strength and so on the
requirements on the concrete itself. And then we spend some time talking about the
requirements on the cover. That is the length of concrete or the amount of concrete
beyond the reinforcing bar which is preventing any deleterious action from the
environment to reach the reinforcement location and also the crack width in RC

members.
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Textbooks or Reference Materials

[1] Sidney, M., Young, J.F.,, and Darwin, D. Concrete, 2" Edition, Prentice-Hall,
Pearson Education, Inc., New Jersey, 2003.

[2] Mehta, PK., and Monteiro P.J.M., Concrete — Microstructure, Properties and
Materials, Third Edition, McGraw Hill Education (India) Private Limited, New
Delhi, Prentice-Hall, Inc., 1993 or 2006.

[3] Neville, A.M., Properties of concrete, 5 Edition, Pitman Publishers, 1996.

[4] Shetty, M.S., Concrete Technology (Theory and Practice), S. Chand &
Company Ltd., New Delhi

[5] Indian Standard Specifications (IS 383, IS 456, IS 2386 and others)

[6] British Standard Specifications (EN 1992-1-1, EN 206-1:2000)

[7] American Concrete Institute Specifications (ACI 318M, ACI 224)

[8] Japan Society for Civil Engineers (JSCE) guidelines for concrete (No. 15)
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So, with this we come to an end of the discussion today this slide gives you the reference

material which can help you better understand the subject matter covered.

Thank you.



