1. Explain the test on fresh concrete.(MAY 2019)(MAY 2016)(NOV
2019)(NOV 2017)(NOV 2016)
The following tests are commonly employed to measure workability.

(a) Slump Test (b) Compacting Factor Test
(c) Flow Test (d) Kelly Ball Test
(e) Vee Bee Consistometer Test.

Slump Test

Slump test is the most commonly used method of measuring consistency of
concrete which can be employed either in laboratory or at site of work. It is not a
suitable method for very wet or very dry concrete. It does not measure all factors
contributing to workability, nor is it always representative of the placability of the
concrete. However, it is used conveniently as a control test and gives an indication
of the uniformity of concrete from batch to batch. Repeated batches of the same
mix, brought to the same slump, will have the same water content and water
cement ratio, provided the weights of aggregate, cement and admixtures are
uniform and aggregate grading_ is within acceptable limits. Additional information
on workability and quality of concrete can be obtained by observing the manner in
which concrete slumps:Quality of concrete can also be further assessed by giving
a few tappings or blows by tamping rod to the base plate. The deformation shows
the characteristics of conerete with respect to tendency for segregation.

The appartus for conducting the slump test essentially consists of a metallic

mould in the form of a frustum of a cone having the internal dimensions as under:

Bottom diameter 20 cm
Top diameter 10 cm
Height 30 cm

The thickness of the metallic sheet for the mould should not be thinner than 1.6 mm.
Sometimes the mould is provided with suitable guides for lifting vertically up. For tamping
the concrete, a steel tamping rod 16 mm dia, 0.6 meter along with bullet end is used. Fig.

6.1, shows the details of the slump cone appartus. The internal surface of the mould is



thoroughly cleaned and freed from superfluous moisture and adherence of any old set
concrete before commencing the test. The mould is placed on a smooth, horizontal, rigid
and non-absorbant surface The mould is then filled in four layers, each approximately 1/ 4
of the height of the mould. Each layer is tamped 25 times by the tamping rod taking care to
distribute the strokes evenly over the cross section. After the top layer has been rodded, the
concrete is struck off level with a trowel and tamping rod. The mould is removed from the
concrete immediately by raising it slowly and carefully in a vertical direction. This allows
the concrete to subside. This subsidence is referred as SLUMP of concrete. The difference
in level between the height of the mould and that of the highest point of the subsided
concrete is measured. This difference in height in mm. is taken as Slump of Concrete.
ASTM measure the centre of the slumped concrete as the difference in height. ASTM also
specifies 3 layers.

It indicates the characteristic of concrete in addition to the slump value. If the
concrete slumps evenly it is called true slamp. If one half of the cone slides down,
it is called shear slump. In case of a shear slump, the slump value is measured as
the difference in height between the height of the mould and the average value of
the subsidence. Shear slump also indicates that the concrete is non-cohesive and
shows the characteristic of segregation.

It is seen that the slump test gives fairly good consistent results for a plastic-

mix. This test is not sensitive for a stiff-mix. In case of dry-mix, no variation can
be detected between mixes of different workability. In the case of rich mixes, the
value is often satisfactory, their slump being sensitive to variations in workability.
IS 456 of 2000-suggests that in the “very low” category of workability where strict
contralis necessary, for example, pavement quality concrete, (PQC) measurement
of workability by determination of compacting factor will be more appropriate
than slump and a value of 0.75 to 0.80 compacting factor is suggested.

The above IS also suggests that in the “very high” category of workability,
measurement of workability by determination of “flow” by flow test will be more
appropriate. However, in a lean-mix with a tendency of harshness a true slump can
easily change to shear slump. In such case, the tests should be repeated.

Despite many limitations, the slump test is very useful on site to check day-
to-day or hour-to-hour variation in the quality of mix. An increase in slump, may
mean for instance that the moisture content of the aggregate has suddenly

increased or there has been sudden change in the grading of aggregate. The slump



test gives warning to correct the causes for change of slump value. The simplicity
of this test is yet another reason, why this test is still popular in spite of the fact
that many other workability tests are in vogue. Table 6.1 shows the nominal slump

value for different degrees of workability.

The Bureau of Indian standards, in the past, generally adopted compacting
factor test values for denoting workability. Even in the IS 10262 of 1982 dealing
with Recommended Guide Line for Concrete Mix Design, adopted compacting
factor for denoting workability. But now in the revision of IS 456 of 2000 the code
has reverted back to slump value to denote the workability rather than compacting
factor. It shows that slump test has more practical utility than the other tests for
workability.

Compacting Factor Test

The compacting factor test is designed primarily for use in the laboratory but

it can also be used in the field. It is more precise and sensitive than the slump test
and is particularly useful for concrete mixes. of very low workability as are
normally used when concrete is to be compacted by vibration. Such dry concrete
are insensitive to slump test.
The compacting factor test has been-developed at the Road Research Laboratory
U.K. and it is claimed-that it is one of the most efficient tests for measuring the
workability of concrete. This test works on the principle of determining the degree
of compaction achieved by a standard amount of work done by allowing the
concrete to fall.through a standard height. The degree of compaction, called the
compacting factor is measured by the density ratio i.e., the ratio of the density
actually achieved in the test to density of same concrete fully compacted.

The sample of concrete to be tested is placed in the upper hopper up to the
brim. The trap-door is opened so that the concrete falls into the lower hopper.
Then the trap-door of the lower hopper is opened and the concrete is allowed to
fall into the cylinder. In the case of a dry-mix, it is likely that the concrete may not
fall on opening the trap-door. In such a case, a slight poking by a rod may be
required to set the concrete in motion. The excess concrete remaining above the
top level of the cylinder is then cut off with the help of plane blades supplied with
the apparatus. The outside of the cylinder is wiped clean. The concrete is filled up

exactly upto the top level of the cylinder. It is weighed to the nearest 10 grams.



This weight is known as “Weight of partially compacted concrete”. The cylinder is
emptied and then refilled with the concrete from the same sample in layers
approximately 5 cm deep. The layers are heavily rammed or preferably vibrated so
as to obtain full compaction. The top surface of the fully compacted concrete is
then carefully struck off level with the top of the cylinder and weighed to the
nearest 10 gm. This weight is known as “Weight of fully compacted concrete

The weight of fully compacted concrete can also be calculated by knowing
the proportion of materials, their respective specific gravities, and the volume of
the cylinder. It is seen from experience, that it makes very little difference in
compacting factor value, whether the weight of fully compacted concrete is
calculated theoretically or found out actually after 100 per cent compaction.
It can be realised that the compacting factor test measures the inherent
characteristics of the concrete which relates very close to the workability
requirements of concrete and as such it is one of the good tests to depict the
workability of concrete.
Vee Bee Consistometer Test
This is a good laboratory test to measure indirectly the workability of concrete.
This test consists of a vibrating.table, a metal pot, a sheet metal cone, a standard
iron rod.
Slump test as described earlier is performed, placing the slump cone inside the
sheet metal cylindrical pot of the consistometer. The glass disc attached to the
swivel arm is turned and-placed on the top of the concrete in the pot. The electrical
vibrator is then.switched on and simultaneously a stop watch started. The vibration
is continued till'such a time as the conical shape of the concrete disappears and the
concrete assumes a cylindrical shape. This can be judged by observing the glass
disc from the top for disappearance of transparency. Immediately when the
concrete fully assumes a cylindrical shape, the stop watch is switched off. The
time required for the shape of concrete to change from slump cone shape to
cylindrical shape in seconds is known as Vee Bee Degree. This method is very
suitable for very dry concrete whose slump value cannot be measured by Slump
Test, but the vibration is too vigorous for concrete with a slump greater than about

50 mm.



2.Explain the properties of hardened concrete and its compression , tension
and flexural tests(MAY 2019)(MAY 2018)(MAY 2017)(MAY 2016)(NOV
2017)

Following are the properties of hardened concrete:

1. Strength of concrete

2. Concrete Creep

3. Shrinkage

4. Modulus Of Elasticity

5. Water tightness (impermeability)

6. Rate of Strength gain of Concrete
Strength:

The strength of concrete is basically referred to compressive strength and it
depends upon three factors.

1- Paste Strength

2- Interfacial Bonding

3- Aggregate Strength

Paste strength:

It is mainly due to the binding properties of cement that the ingredients are
compacted together. If the paste has higher binding strength, higher will be
strength of concrete.

Interfacial bonding:

Interfacial bonding is very necessary regarding the strength. Clay hampers the
bonding between paste and aggregate. The aggregate should be washed for a better

bonding between paste and aggregate.

Aggregate strength: It is mainly the aggregate that provide strength to concrete
especially coarse aggregates which act just like bones in the body. Rough and

angular aggregate provides better bonding and high strength.

Factors affecting Strength of concrete:

Following are the factors that affect the strength of concrete:
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1. Water-Cement ratio

2. Type of cementing material

3. Amount of cementing material
4. Type of aggregate

5. Air content

6. Admixtures

1. Water-Cement ratio:

It is water cement ratio that basically governs the property of strength. Lesser the

water cement ratio, greater will be strength.

2. Type of cement:

Type of cement affect the hydration process and therefore strength of concrete.
Amount of cementing material: it is the paste that holds or binds all the

ingredients. Thus greater amount of cementing material greater will be strength.

3. Type of Aggregate:

Rough and angular aggregates is preferable as they provide greater bonding.

4. Admixtures:

Chemical admixtures like plasticizers reduce the water cement ratio and increase
the strength of concrete at same water cement ratio. Mineral admixtures affect the
strength at later stage and increase the strength by increasing the amount of

cementing material.

Creep in Concrete

Concrete creep is defined as: deformation of structure under sustained load.
Basically, long term pressure or stress on concrete can make it change shape. This
deformation usually occurs in the direction the force is being applied. Like a
concrete column getting more compressed, or a beam bending. Creep does not
necessarily cause concrete to fail or break apart. Creep is factored in when

concrete structures are designed.
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Shrinkage

Concrete is subjected to changes in volume either autogenous or induced. Volume
change is one of the most detrimental properties of concrete, which affects the
long-term strength and durability. To the practical engineer, the aspect of volume
change in concrete is important from the point of view that it causes unsightly

cracks in concrete.

Modulus of Elasticity

Young's modulus ( E ) describes tensile elasticity, or the tendency of an object to
deform along an axis when opposing forces are applied along that axis; it is
defined as the ratio of tensile stress to tensile strain. It is often referred to simply as

the elastic modulus.

The modulus of elasticity of concrete is a function of the modulus of elasticity of
the aggregates and the cement matrix and their relative proportions. The modulus
of elasticity of concrete is relatively constant at low stress levels but starts
decreasing at higher stress levels as matrix cracking develops. The elastic modulus
of the hardened paste may be in the order of 10-30 GPa and aggregates about 45 to
85 GPa. The concrete composite is then in the range of 30 to 50 GPa.

Water Tightness

Watertightness is the ability of concrete to keep water out or in. Watertight is a
versatile range of specialized ready mix concretes designed to protect a structure

from water ingress or to retain water within a structure.

Water-tight concrete, or concrete made water-tight by some kind of waterproof
coating, is frequently required, either for inclosing a space which must he kept dry,
or for storing water or other liquids. Concrete, even when most carefully prepared

from materials of the highest grade, is never of itself completely waterproof.

Rate of Strength Gain of Concrete


https://www.aboutcivil.org/concrete-strength-gain-rate.html

Strength can be defined as ability to resist change. One of the most valuable
properties of the concrete is its strength. Strength is most important parameter that
gives the picture of overall quality of concrete. Strength of concrete usually

directly related to cement paste.

The Flexural Strength of Concrete
Concrete as we know is relatively strong in compression and weak in tension. In
reinforced concrete members, little dependence is placed on the tensile strength of
concrete since steel reinforcing bars are provided to resist all tensile forces.
However, tensile stresses are likely to develop in concrete due to drying
shrinkage, rusting of steel reinforcement, temperature gradients and many other
reasons. Therefore, the knowledge of tensile strength of concrete is of importance.
A concrete road slab is called upon to resist tensile stresses from two principal
sources— wheel loads and volume change in the concrete. Wheel loads may cause
high tensile stresses. due to bending, when there is an inadequate subgrade support.
Volume changes, resulting from changes in temperature and moisture, may
produce tensile stresses, due to warping and due to the movement of the slab along
the subgrade.
Stresses due to volume changes alone may be high. The longitudinal tensile stress
in the bottom of the pavement, caused by restraint and temperature warping,
frequently amounts to as much as 2.5 MPa at certain periods of the year and the
corresponding stress in the transverse direction is approximately 0.9 MPa. These
stresses are additive to those produced by wheel loads on unsupported portions of
the slab.
Compression Test
Compression test is the most common test conducted on hardened concrete, partly
because it is an easy test to perform, and partly because most of the desirable
characteristic properties of concrete are qualitatively related to its compressive

strength.



The compression test is carried out on specimens cubical or cylindrical in
shape. Prism is also sometimes used, but it is not common in our country.
Sometimes, the compression strength of concrete is determined using parts of a
beam tested in flexure. The end parts of beam are left intact after failure in flexure
and, because the beam is usually of square cross section, this part of the beam
could be used to find out the compressive strength.

The cube specimen is of the size 15 x 15 x 15 cm. If the largest nominal size of the
aggregate does not exceed 20 mm, 10 cm size cubes may also be used as an
alternative. Cylindrical test specimens have a length equal to twice the diameter.
They are 15 cm in diameter and 30 cm long. Smaller test specimens may be used
but a ratio of the diameter of the specimen to maximum size of aggregate, not less
than 3 to 1 is maintained.

Determination of Tensile Strength

Direct measurement of tensile strength of concrete is difficult. Neither
specimens nor testing apparatus have been designed which assure uniform
distribution of the “pull” applied to the concrete. While a number of investigations
involving the direct measurement of tensile strength have been made, beam tests
are found to be dependable to measure flexural strength property of concrete. The
value of the modulus of rupture (extreme fibre stress in bending) depends on the
dimension of the beam and manner of loading. The systems of loading used in
finding out the flexural tension are central point loading and third point loading. In
the central point loading, maximum fibre stress will come below the point of
loading where the bending moment is maximum. In case of symmetrical two point
loading, the critical crack may appear at any section, not strong enough to resist the
stress within the middle third, where the bending moment is maximum. It can be
expected that the two point loading will yield a lower value of the modulus of
rupture than the centre point loading.

3. Explain the properties of fresh concrete — segregation and bleeding

(MAY 2018)(NOV 2017)

Segregation

Segregation can be defined as the separation of the constituent materials of
concrete. A good concrete is one in which all the ingredients are properly
distributed to make a homogeneous mixture. If a sample of concrete exhibits a

tendency for separation of say, coarse aggregate from the rest of the ingredients,



then, that sample is said to be showing the tendency for segregation. Such
concrete is not only going to be weak; lack of homogeneity is also going to
induce all undesirable properties in the hardened concrete.

There are considerable differences in the sizes and specific gravities of the
constituent ingredients of concrete. Therefore, it is natural that the materials show
a tendency to fall apart. Segregation may be of three types firstly, the coarse
aggregate separating out or settling down from the rest of the matrix, secondly,
the paste or matrix separating away from coarse aggregate and thirdly, water
separating out from the rest of the material being a material of lowest specific
gravity.

A well made concrete, taking into consideration various parameters such as

grading, size, shape and surface texture of aggregate with optimum quantity of
waters makes a cohesive mix. Such concrete will not exhibit any tendency for
segregation. The cohesive and fatty characteristics of ‘matrix do not allow the
aggregate to fall apart, at the same time, the matrix itself is sufficiently contained
by the aggregate. Similarly, water also does not find it easy to move out freely
from the rest of the ingredients.
The conditions favourable for segregation are, as can be seen from the above para,
the badly proportioned mix where sufficient matrix is not there to bind and contain
the aggregates. Insufficiently mixed concrete with excess water content shows a
higher tendency for segregation. Dropping of concrete from heights as in the case
of placing concrete in column concreting will result in segregation. When concrete
is discharged from a badly designed mixer, or from a mixer with worn out blades,
concrete. shows a tendency for segregation. Conveyance of concrete by conveyor
belts, wheel barrow, long distance haul by dumper, long lift by skip and hoist are
the other situations promoting segregation of concrete.

Vibration of concrete is one of the important methods of compaction. It
should be remembered that only comparatively dry mix should be vibrated. It too
wet a mix is excessively vibrated, it is likely that the concrete gets segregated. It
should also be remembered that vibration is continued just for required time for
optimim results. If the vibration is continued for a long time, particularly, in too
wet a mix, it is likely to result in segregation of concrete due to settlement of

coarse aggregate in matrix.



In the recent time we use concrete with very high slump particularly in RMC.
The slump value required at the batching point may be in the order of 150 mm and
at the pumping point the slump may be around 100 mm. At both these points
cubes are cast. One has to take care to compact the cube mould with these high
slump concrete. If sufficient care and understanding of concrete is not exercised,
the concrete in the cube mould may get segregated and show low strength.
Similarly care must be taken in the compaction of such concrete in actual
structures to avoid segregation.

While finishing concrete floors or pavement, with a view to achieve a smooth
surface, masons are likely to work too much with the trowel, float or'tamping rule
immediately on placing concrete. This immediate working on the concrete on
placing, without any time interval, is likely to press the coarse aggregate down,
which results in the movement of excess of matrix or paste to the surface.
Segragation caused on this account, impairs the homogeneity and serviceability of
concrete. The excess mortar at the top causes plastic shrinkage cracks.

It can be gathered that the tendency for segregation can be remedied by
correctly proportioning the mix, by proper handling, transporting, placing,
compacting and finishing. At any stage, if segregation is observed, remixing for a
short time would make the concrete.again homogeneous. As mentioned earlier, a
cohesive mix would reduce the tendency for segregation. For this reason, use of
certain workability ‘agents and pozzolanic materials greatly help in reducing
segregation. The use of air-entraining agent appreciably reduces segregation.

Segregation._is difficult to measure quantitatively, but it can be easily
observed. at the time of concreting operation. The pattern of subsidence of
concrete in slump test or the pattern of spread in the flow test gives a fair idea of
the quality of concrete with respect to segregation.

Bleeding

Bleeding is sometimes referred as water gain. It is a particular form of
segregation, in which some of the water from the concrete comes out to the surface
of the concrete, being of the lowest specific gravity among all the ingredients of
concrete. Bleeding is predominantly observed in a highly wet mix, badly
proportioned and insufficiently mixed concrete. In thin members like roof slab or

road slabs and when concrete is placed in sunny weather show excessive bleeding.



Due to bleeding, water comes up and accumulates at the surface. Sometimes,

along with this water, certain quantity of cement also comes to the surface. When
the surface is worked up with the trowel and floats, the aggregate goes down and
the cement and water come up to the top surface. This formation of cement paste
at the surface is known as “Laitance”.
In such a case, the top surface of slabs and pavements will not have good wearing
quality. This laitance formed on roads produces dust in summer and mud in rainy
season. Owing to the fact that the top surface has a higher content of water and is
also devoid of aggregate matter; it also develops higher shrinkage cracks. If
laitance is formed on a particular lift, a plane of weakness would form and the
bond with the next lift would be poor. This could be avoided by removing the
laitance fully before the next lift is poured.

Water while traversing from bottom to top, makes continuous channels. If the
water cement ratio used is more than 0.7, the bleeding channels will remain
continuous and unsegmented by the development of gel. This continuous bleeding

channels are often responsible for causing permeability of the concrete structures.

While the mixing water is_in the process of coming up, it may be intercepted
by aggregates. The bleeding water is likely to accumulate below the aggregate.
This accumulation of water creates water voids and reduces the bond between the
aggregates and the paste. The above aspect is more pronounced in the case of flaky
aggregate. Similarly, the.water that accumulates below the reinforcing bars,
particularly below the cranked bars, reduces the bond between the reinforcement
and the.concrete. The poor bond between the aggregate and the paste or the
reinforcement and the paste due to bleeding can be remedied by revibration of
concrete. The formation of laitance and the consequent bad effect can be reduced
by delayed finishing operations.

Bleeding rate increases with time up to about one hour or so and thereafter the
rate decreases but continues more or less till the final setting time of cement.

Bleeding is an inherent phenomenon in concrete. All the same, it can be
reduced by proper proportioning and uniform and complete mixing. Use of finely
divided pozzolanic materials reduces bleeding by creating a longer path for the
water to traverse. It has been already discussed that the use of air-entraining agent

is very effective in reducing the bleeding. It is also reported that the bleeding can



be reduced by the use of finer cement or cement with low alkali content. Rich
mixes are less susceptible to bleeding than lean mixes.

The bleeding is not completely harmful if the rate of evaporation of water
from the surface is equal to the rate of bleeding. Removal of water, after it had
played its role in providing workability, from the body of concrete by way of
bleeding will do good to the concrete. Early bleeding when the concrete mass is
fully plastic, may not cause much harm, because concrete being in a fully plastic
condition at that stage, will get subsided and compacted. It is the delayed bleeding,
when the concrete has lost its plasticity, that causes undue harm to the concrete.
Controlled revibration may be adopted to overcome the bad effect of bleeding.

Bleeding presents a very serious problem when Slip Form Paver is used for
construction of concrete pavements. If two much of bleeding water accumulates
on the surface of pavement slab, the bleeding water flows out over the
unsupported sides which causes collapsing of sides. Bleeding becomes a major

consideration in such situations.

In the pavement construction finishing is done by texturing or brooming.
Bleeding water delays the texturing and application of curing compounds.

Method of Test for Bleeding of Concrete

This method covers.determination of relative quantity of mixing water that
will bleed from.a sample of freshly mixed concrete.

A eylindrical container of approximately 0.01 m® capacity, having an inside
diameter of 250 mm and inside height of 280 mm is used. A tamping bar similar to
the one used for slump test is used. A pepette for drawing off free water from the
surface, a graduated jar of 100 cm? capacity is required for test.

A sample of freshly mixed concrete is obtained. The concrete is filled in 50
mm layer for a depth of 250 + 3 mm (5 layers) and each layer is tamped by giving
strokes, and the top surface is made smooth by trowelling.

The test specimen is weighed and the weight of the concrete is noted.
Knowing the total water content in 1 m® of concrete quantity of water in the

cylindrical container is also calculated.



The cylindrical container is kept in a level surface free from vibration at a
temperature of 27°C + 2°C. it is covered with a lid. Water accumulated at the top
is drawn by means of pipette at 10 minutes interval for the first 40 minutes and at
30 minutes interval subsequently till bleeding ceases. To facilitate collection of
bleeding water the container may be slightly tilted. All the bleeding water
collected in a jar.

4.What are the factors influencing the strength of concrete? (May 2017)(NOV
2016)

Concrete strength is effected by many factors, such as
e quality of raw materials
e water/cement ratio
e coarse/fine aggregate ratio
e age of concrete
e compaction of concrete
e temperature
e relative humidity and
e curing of concrete.

Quality of Raw Materials:

Cement: Provided the cement conforms with the appropriate standard and it has
been stored correctly (i.e. in dry conditions), it should be suitable for use in
concrete.

Aggregates: Quality of aggregates, its size, shape, texture, strength etc determines
the strength of concrete. The presence of salts (chlorides and sulphates), silt and
clay also reduces the strength of concrete.

Water: frequently the quality of the water is covered by a clause stating “..the
water should be fit for drinking..”. This criterion though is not absolute and
reference should be made to respective codes for testing of water construction
purpose.

Water / Cement Ratio:
The relation between water cement ratio and strength of concrete is shown in the
plot as shown below:



Strength

=
Free water / cement ratio

The higher the water/cement ratio, the greater the initial spacing between the
cement grains and the greater the volume of residual voids not filled by hydration
products.

There is one thing missing on the graph. For a given cement content, the
workability of the concrete is reduced if the water/cement ratio is reduced. A lower
water cement ratio means less water, or more cement and lower workability.

However if the workability becomes too low the concrete becomes difficult to
compact and the strength reduces. For a given set of materials and environment
conditions, the strength at any age depends only on the water-cement ratio,
providing full compaction can be achieved.

Coarse / fine aggregate ratio:

Following points should be noted for coarse/fine aggregate ratio:

If the proportion of fines is increased in relation to the coarse aggregate, the
overall aggregate surface area will increase.

If the surface area of the aggregate has increased, the water demand will also
increase.

Assuming the water demand has increased, the water cement ratio will increase.
Since the water cement ratio has increased, the compressive strength will decrease.
Aggregate / Cement Ratio:

Following points must be noted for aggregate cement ratio:

If the volume remains the same and the proportion of cement in relation to that of
sand is increased the surface area of the solid will increase.

If the surface area of the solids has increased, the water demand will stay the same
for the constant workability.

Assuming an increase in cement content for no increase in water demand, the
water cement ratio will decrease.

If the water cement ratio reduces, the strength of the concrete will increase.

The influence of cement content on workability and strength is an important one to
remember and can be summarized as follows:
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1. For a given workability an increase in the proportion of cement in a mix has
little effect on the water demand and results in a reduction in the water/cement
ratio.

2. The reduction in water/cement ratio leads to an increase.in strength of concrete.

3. Therefore, for a given workability an increase in the cement content results in an
increase in strength of concrete.

Age of concrete:
The degree of hydration is synonymous with the age of concrete provided the
concrete has not been allowed to dry out or the temperature is too low.

In theory, provided the concrete is not allowed to dry out, then it wil always be
increasing albeit at an ever reducing rate. For convenience and for most practical
applications, it is generally accepted that the majority of the strength has been
achieved by 28 days.

6.Compaction of concrete:

Any entrapped air resulting from inadequate compaction of the plastic concrete
will lead to a reduction in strength. If there was 10% trapped air in the concrete,
the strength will fall down in the range of 30 to 40%.

Temperature:

The rate of hydration reaction is temperature dependent. If the temperature
increases the reaction also increases. This means that the concrete kept at higher
temperature will gain strength more quickly than a similar concrete kept at a lower
temperature.

However, the final strength of the concrete kept at the higher temperature will be
lower. This is because the physical form of the hardened cement paste is less well
structured and more porous when hydration proceeds at faster rate.

This is an important point to remember because temperature has a similar but more
pronounced detrimental effect on permeability of the concrete.
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Relative humidity:

If the concrete is allowed to dry out, the hydration reaction will stop. The
hydration reaction cannot proceed without moisture. The three curves shows the
strength development of similar concretes exposed to different conditions.
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It should be clear from what has been said above that the detrimental effects of
storage of concrete in‘a dry environment can be reduced if the concrete is
adequately cured to prevent excessive moisture loss.

5. Explain about hardened concrete properties(NOV 2019)

Theoretically, the introduction of aggregate of low permeability into cement paste,

it is expected to reduce the permeability of the system because the aggregate

particles intercept the channels of flows and make it take a circuitous route.

Compared to neat cement paste, concrete with the same W/C ratio and degree of

maturity, should give a lower coefficient of permeability. But in practice, it is seen

from test data it is not the case. The introduction of aggregate, particularly larger

size of aggregates increase the permeability considerably.



The explanation lies in the development of microcracks that are produced in
the transition zone. Opinion differs in this regard about the size of microcracks
that are generated at the transition zone. However, the drying shrinkage, thermal
shrinkage and externally applied load may cause cracks in weak transition zone at
the young age. It is reported that the size of the cracks in transition zone is much
bigger than most of the capillary cavities present in cement paste

The use of pozzolanic materials in optimum proportion reduces the
permeability of concrete. This is evidently due to the conversion of calcium
hydroxide, otherwise soluble and leachable, into cementitious product.

Though air-entrainment, makes the concrete porous, when used up to 6%,

makes the concrete more impervious, contrary to general belief.

Cement Content Water/Cement Permeability
kg/m? Ratio 102 m/s
156 0.69 8
151 0.74 24
138 0.75 5S
223 0.46 28

High pressure steam cured concrete in conjunction with crushed silica
decreases the permeability. This is due to the formation of coarser C-S-H gel,
lower drying shrinkage and accelerated conversion of Ca(OH). into cementitious
products.

Interaction Between Permeability, Volume Change and Cracking

In the preceding pages we have discussed about permeability, volume change
and cracking of concrete are responsible for lack of durability of concrete and
concrete structures. It is difficult to pin point which of these are primarily
responsible for affecting durability. Permeability of concrete is often referred as
the root cause for lack of durability. But it can be seen that volume change that
takes place in an otherwise impervious concrete due to heat of hydration or
internal manifestation can crack the concrete affecting durability. Microcracks in
transition zone even in initially impermeable concrete, can start the cycle of

deterioration process in concrete. Therefore, these three factors, one follows the



other two, like day follows the night, are responsible for affecting durability of
concrete and concrete structures.

Acid Resistance (NOV 2019)

Cathodic Protection: Cathodic 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 cathodic 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 cathodic
reinforcement is protected against corrosion and hence the name “Cathodic protection”.In
this process the negative 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 oxidised to form chlorine gas. The environment around the steel reinforcement reverts
back to alkaline condition which protects the steel.

The other recent development in corrosion control methods are Realkalisation and
Desalination.

The realkalisation process allows to make the concrete alkaline again and passivate the
reinforcing steel by electrochemical method. This brings back the lost alkalinity of
concrete to sufficiently high level to reform and maintain the passive layer on the steel.

In the desalination process the chloride ions are removed from the concrete, particularly
from the vicinity of the steel reinforcement by certain electrical method to re-establish the

passive layer on the steel.

6. Explain_how you would determine the various elastic moduli for concrete
(NOV 2017).

The modulus of elasticity can also be determined by subjecting a concrete beam
to bending and then using the formulae for deflection and substituting other
parameters. The modulus of elasticity so found out from actual loading is called
static modulus of elasticity. It is seen that even under short term loading concrete
does not behave as an elastic material. However, up to about 10-15% of the
ultimate strength of concrete, the stress-strain graph is not very much curved and
hence can give more accurate value. For higher stresses the stress-strain
relationship will be greatly curved and as such it will be inaccurate. Figure shows

stress-strain relationship for various concrete mixes.



[ The form of curve
for high strength
concrate

“Secant modulus
for this point

Tangent modul
for this point

[

Initial |
tangent
mod
The form of curve |
for lean mixes |

Stress

Strain

In view of the peculiar and complex behaviour of stress-strain relationship, the
modulus of elasticity of concrete is defined in somewhat arbitrary manner. The
modulus of elasticity of concrete is designated in various ways and they have been
illustrated on the stress-strain curve in Figure 8.2. The term Young’s modulus of
elasticity can strictly be applied only to the straight part of stress-strain curve. In
the case of concrete, since no part of the graph is straight, the modulus of elasticity
is found out with reference to the tangent drawn to the curve at the origin. The
modulus found from this tangent is referred as initial tangent modulus. This gives
satisfactory results only at low stress value. For higher stress value it gives a
misleading picture.

Tangent can also be drawn at any other point on the stress-strain curve. The
modulus of elasticity calculated with reference to this tangent is then called tangent
modulus. The tangent modulus also does not give a realistic value of modulus of
elasticity for the stress level much above or much below the point at which the
tangent is drawn. The value of modulus of elasticity will be satisfactory only for

stress level in the vicinity of the point considered.



42 | [
/ Aggregate

/

Concrete

to
oo

Cement Paste

Stress MPa

I

I.O«m 2.600 v -3,000
Strain » 107

A line can be drawn connecting a specified point on the stress-strain curve to the
origin of the curve. If the modulus of elasticity«is calculated with reference to the
slope of this line, the modulus of elasticity is referred as secant modulus. If the
modulus of elasticity is found.out with reference to the chord drawn between two
specified points on the stress-strain curve then such value of the modulus of
elasticity is known as.chord modulus.
The modulus of elastiecity most commonly used in practice is secant modulus.
There is no standard method of determining the secant modulus. Sometime it is
measured at stresses ranging from 3 to 14 MPa and sometime the secant is drawn
to point representing a stress level of 15, 25, 33, or 50 per cent of ultimate strength.
Since the value of secant modulus decreases with increase in stress, the stress at
which the secant modulus has been found out should always be stated.
Modulus of elasticity may be measured in tension, compression or shear. The
modulus in tension is usually equal to the modulus in compression.
It is interesting to note that the stress-strain relationship of aggregate alone shows a
fairly good straight line. Similarly, stress-strain relationship of cement paste alone
also shows a fairly good straight line. But the stress-strain relationship of concrete
which is combination of aggregate and paste together shows a curved relationship.

Perhaps this is due to the development of micro cracks at the interface of the



aggregate and paste. Because of the failure of bond at the interface increases at a
faster rate than that of the applied stress, the stress-strain curve continues to bend
faster than increase of stress.
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