UNIT 3 PROPERTIES OF FRESH CONCRETE

Fresh concrete - Workability - Factors affecting workability - Measurement of workability -
Segregation Bleeding - Concrete manufacturing - Convention - Ready mix and Advantage of
Ready mix - Finishing. Compaction Curing - Strength of concrete - Elasticity - Creep -
Shrinkage - elastic behavior of concrete - Durability of concrete Factors affecting strength of
concrete and Durability of concrete - Cracks in concrete - Chemical attacks-carbonation.
Durability of concrete: effect of Admixtures on properties of concrete causes of concrete
deterioration, alkali aggregate reaction, deterioration by chemical actions, concrete in marine
environment

What is concrete?

Concrete is one of the most commonly used building materials. Concrete is a composite
material made from several readily available constituents (aggregates, sand, cement, water).
Concrete is a versatile material that can easily be mixed to meet a variety of special needs and
formed to virtually any shape.

Concrete solidifies and hardens after mixing with water and placement due to a chemical
process known as hydration. The water reacts with the cement, which bonds the other

components together, eventually creating a stone-like material.

Cement

In order to increase the strength of concrete chemical admixtures are also added. Chemical

admixtures like;
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1. Super plasticizers — Salts of organic sulphonates Ligno sulphonates, Sulphonated
melamine formaldehyde (SMF), Sulphonated naphthalene formaldehyde (SNF)
Polycarboxylic ether (PCE)

2. Air-entraining agents - Natural wood resins , Synthetic detergents and Salts of petroleum
acids) ,

3. Accelerators - Inorganic Calcium chloride, Formates, Nitrates Thiocyanates Silicates
Aluminates

4. Retarders - Organic Chemicals- Carbohydrates Hydroxycarboxylic acids and salts
Phosphates

Few Admixtures can be classified by function as follows:
1. Air-entraining admixtures

. Water-reducing admixtures

. Plasticizers

. Accelerating admixtures

. Retarding admixtures

. Hydration-control admixtures

. Corrosion inhibitors
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. Shrinkage reducers

9. Alkali-silica reactivity inhibitors

10. Coloring admixtures

11. Miscellaneous admixtures such as workability, bonding, damp proofing, permeability

reducing, grouting, gas-forming, anti washout, foaming, and pumping admixtures
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Portland Cement

Fine Aggregate

Chemical Admixtures

Properties of concrete

>
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Density : 2240 - 2400 kg/m®

Compressive strength: 20 - 40 MPa
Flexural strength: 3 - 5 MPa

Tensile strength: 2 - 5 MPa

Modulus of elasticity : 14000 - 41000 MPa
Permeability: 1 X 10™° cm/sec

Coefficient of thermal expansion: 10™ °C
Drying shrinkage: 4 - 8 X 10™

Drying shrinkage of reinforced concrete: 2 - 3 X 10
Poisson's ratio : 0.20 - 0.21

Shear strength : 6 - 17 MPa

Specific heat capacity : 0.75 kJ/kg K
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Factors affecting Strength of concrete

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
Type of cementing material — It affects 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.
Type of aggregate - Rough and angular aggregates are preferable as they provide greater
bonding.
Air content — The amount of air improves the concrete resistance on freezing and thawing.
But in excess lead to failure
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.

Once the mixing was completed the mixture is said to be Fresh concrete which is in

plastic state and can be moulded in any forms whereas the Hardened concrete is the one

which is fully cured.

Fresh concrete
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Hardened concrete

FRESH CONCRETE

Fresh concrete is that stage of concrete in which concrete can be moulded in its plastic state.

This is also called Green Concrete. Another term used to describe the state of fresh concrete is

consistence, which is the ease with which concrete will flow. It is the concrete phase from time

of mixing to end of time concrete surface finished in its final location in the structure

For fresh concrete to be acceptable, it should:

1.

2
3
4.
5
6

Be easily mixed and transported.

Be uniform throughout a given batch and between batches.

Be of a consistency so that it can fill completely the forms for which it was designed.
Have the ability to be compacted without excessive loss of energy.

Not segregate during placing and consolidation.

Have good finishing characteristics.

PROPERTIES OF FRESH CONCRETE

1.

Workability of Concrete — Consistency and Cohesiveness
i.  Consistency (Easy flow of concrete) - Slump test, Compacting factor test,
Vebe test and Flow table test
ii.  Cohesiveness - Segregation and Bleeding

2. Setting

3. Air entrainment
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Workability of Concrete - The capability of being handled and flows into formwork or around

any reinforcement, with assistance of compacting equipment. The higher workability concretes
are easier to place and handle but obtaining higher workability by increasing water content
decreases strength and durability. Workability is often referred to as the ease with which a
concrete can be transported, placed and consolidated without excessive bleeding or segregation.

It is obvious that no single test can evaluate all these factors. In fact, most of these cannot
be easily assessed even though some standard tests have been established to evaluate them under
specific conditions.

Consistence is sometimes taken to mean the degree of wetness; within limits, wet
concretes are more workable than dry concrete, but concrete of same consistence may vary in
workability. Because the strength of concrete is adversely and significantly affected by the
presence of voids in the compacted mass, it is vital to achieve a maximum possible density. This
requires sufficient workability for virtually full compaction to be possible using a reasonable
amount of work under the given conditions. Presence of voids in concrete reduces the density

and greatly reduces the strength: 5% of voids can lower the strength by as much as 30%.

To determine the consistency in workability four tests are followed:;
» Slump test
» Compacting factor test
> Vee Bee test and
> Flow table test

Slump Test
This test is performed to check the consistency of freshly made concrete. The slump test

is done to make sure a concrete mix is workable. The measured slump must be within a set
range, or tolerance, from the target slump.

Workability of concrete is mainly affected by consistency i.e. wetter mixes will be more
workable than drier mixes, but concrete of the same consistency may vary in workability. It can

also be defined as the relative plasticity of freshly mixed concrete as indicative of its workability.
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Tools and apparatus used for slump test (equipment):

1. Standard slump cone (100 mm top diameter x 200 mm bottom diameter x 300 mm
high)
2. Small scoop
1. Bullet-nosed rod (600 mm long x 16 mm diameter)
3. Rule
1. Slump plate (500 mm x 500 mm)

Procedure of slump test for concrete:

1.

Clean the cone. Dampen with water and place on the slump plate. The slump plate should
be clean, firm, level and non-absorbent. Collect a sample of concrete to perform the slum
test.

Stand firmly on the foot pieces and fill 1/3 the volume of the cone with the sample.
Compact the concrete by ‘rodding' 25 times. Rodding means to push a steel rod in and out
of the concrete to compact it into the cylinder, or slump cone. Always rod in a definite
pattern, working from outside into the middle.

Now fill to 2/3 and again rod 25 times, just into the top of the first layer.

Fill to overflowing, rodding again this time just into the top of the second layer. Top up
the cone till it overflows.

Level off the surface with the steel rod using a rolling action. Clean any concrete from
around the base and top of the cone, push down on the handles and step off the foot
pieces.

Carefully lift the cone straight up making sure not to move the sample.

Turn the cone upside down and place the rod across the up-turned cone.

Take several measurements and report the average distance to the top of the sample. If
the sample fails by being outside the tolerance (ie the slump is too high or too low),

another must be taken. If this also fails the remainder of the batch should be rejected.
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1. Stand on the two foot pieces of cone ta hold
in firmly in the place during Steps 1 though 4.
Fill cone mold 1/3 full by volume [2-5/8" (67
mm} high] with the concrete sample and rod it
with 235 strokes using a round, straight steel rod
of 38" (16 mm) diameter x 24" (600 mm) long
with a hemispherical tip end. Uniformly
distribute strokes over the cross section of each
layer, For the botton layer. this will necessitate
inclining  the rod slightly and making
approximately half the strokes near the
perimeter {out edge), then progressing with
vertical strokes spirally toward the center,

4 Strikes off excess concrete form top of cone
with the steel rod so the cone is exactly level
full. Clean the overflow away from the base of
the cone maold,

2. Fill cone /3 full by volume (half the
height) and again rod 25 times with rod just
penetrating into, but not througth, the first
layer. Distribute strokes evenly as described in
Step 1.

5 Immediately after completion of Step 4, the
operation of raising the mold shall be
performed in 52 sec. by a steady upward lift
with no lateral or torsional motion being
imparted to the concrete, The entire operation
from the start of the filling through removal of
the mold shall be carried owt without
interruption and shall be completed within an
elasped time of 2-1/2 minutes

3 Fill cone to overflowing and again rod 25
times with rod just penetrating into, but not
through, the second layer. Again distribute
strokes evenly.

AT
o0 o

6 Place the steel rod horizontally across the
inverted mold so the rod extends over the
slumped concrete. Immediately measure the
distance from botton of the steel rad  to the
displaced original center of the specimen. This
distance, to the nearest 1/d inch (6 mm), is the
slump of the concrete. If a decided falling
away or shearing off concrete from eone side or
portion of the mass occurs, disregard the test
and make a new test on another portion of the
sample.

Slump Cone test and apparatus
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Compacting factor test

Compacting factor of fresh concrete is done to determine the workability of fresh concrete by

compacting factor test as per IS: 1199 — 1959. The apparatus used is Compacting factor

apparatus.
Procedure

» The sample of concrete is placed in the upper hopper up to the brim.

» The trap-door is opened so that the concrete falls into the lower hopper.
The trap-door of the lower hopper is opened and the concrete is allowed to fall into the
cylinder.

» The excess concrete remaining above the top level of the cylinder is then cut off with the
help of plane blades

» The concrete in the cylinder is weighed. This is known as weight of partially compacted
concrete.

» The cylinder is filled with a fresh sample of concrete and vibrated to obtain full

compaction. The concrete in the cylinder is weighed again. This weight is known as the

weight of fully compacted concrete.

Compacting factor = (Weight of partially compacted concrete)/(Weight of fully

compacted concrete)

= (W1-W2 / W2-W)

NOTE: The test is sufficiently sensitive to enable difference in work ability arising from the

initial process in the hydration of cement to be measured. Each test, there for should be carried

out at a constant time interval after the mixing is completed, if strictly comparable results are to

be obtained. Convenient time for releasing the concrete from the upper hopper has been found to

be two minutes after the completion of mixing.
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Upper hopper

Lower hopper

| approx. 1m

Cylinder

Compaction factor apparatus
Vee Bee test
To determine the workability of fresh concrete by using a VVee-Bee consistometer as per IS: 1199

—1959. The apparatus used is Vee-Bee consistometer.

Procedure
» A conventional slump test is performed, placing the slump cone inside the cylindrical part
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 switched on and a stop-watch is started, simultaneously.
Vibration is continued till the conical shape of the concrete disappears and the concrete

assumes a cylindrical shape.
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» When the concrete fully assumes a cylindrical shape, the stop-watch is switched off
immediately. The time is noted.
» The consistency of the concrete should be expressed in VB-degrees, which is equal to the

time in seconds recorded above.

Vee Bee test apparatus
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Flow table test

To determine the workability of fresh concrete by using a Flow table test as per IS: 5512 — 1983.

The apparatus used is Flow table apparatus.

Procedure

>

Y

The 700 mm square flow table is hinged to a rigid base, proved with a stop that allows
the far end to be raised by 40 mm.

A cone, similar to that used for slump testing but truncated, is filled with concrete in two
layers.

Each layer is tamped 10 times with a special wooden bar and the concrete of the upper
layer finished off level with the top of the cone. Any excess is cleaned off the outside of
the cone.

The cone is then raised allowing the concrete to flow out and spread out a little on the
flow table.

The table top is then raised until it meets the stop and allowed to drop freely 15 times.
This causes the concrete to spread further, in a roughly circular shape.

The flow diameter is the average of the maximum diameter of the pool of concrete and

the diameter at right angles.

Flow = final diameter of the concrete
(mean of two measurements at right angles)

As well as getting an accurate measurement of the workability of the concrete, the flow test

gives an indication of the cohesion. A mix that is prone to segregation will produce a non-

circular pool of concrete. Cement paste may be seen separating from the aggregate. If the

mix is prone to bleeding, a ring of clear water may form after a few minutes.
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Segregation and Bleeding

SEGREGATION - It 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. 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:

1. Coarse aggregate separating out or settling down from the rest of the matrix.

2. Paste separating away from coarse aggregate.

3. 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 favorable for segregation are

1. Badly proportioned mix where sufficient matrix is not there to bind and contain the
aggregates.

2. Insufficiently mixed concrete with excess water content.

3. Dropping of concrete from heights as in the case of placing concrete in column
concreting.

4. When concrete is discharged from a badly designed mixer, or from a mixer with worn out
blades.

5. 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.
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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 optimum 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.

Segregation

BLEEDING — This in concrete 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, 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.
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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 un segmented. These
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 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 re vibration 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.

Prevention of Bleeding in concrete

= Bleeding 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.

= Air-entraining agent is very effective in reducing the bleeding.

= 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 well to the concrete.

In early bleeding when the concrete mass is fully
plastic,c may not cause much harm, because
concrete being in a fully plastic condition at that
o stage, will get subsided and compacted. It is the

o Ao | delayed bleeding, when the concrete has lost its
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plasticity, which causes undue harm to the concrete. Controlled re vibration may be adopted to

overcome the bad effect of bleeding.

Bleeding in concrete

CAUSES OF BLEEDING REMEDIES

with particle size < 300pm | substitute for fine materials

\
Poorly graded aggregate - [ 1. increase sand content ]

_ N ) Provide high workability with
High workability mixes superplasticizers rather than
y high water contents

Use very fine materials such
as silica fume
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Factors affecting concrete workability

1. Water-Cement ratio
2. Amount and type of Aggregate
3. Amount and type of Cement
4. Weather conditions
a. Temperature
b. Wind
5. Chemical Admixtures

6. Sand to Aggregate ratio

Water content or Water Cement Ratio - More the water cement ratio more will be workability
of concrete. Since by simply adding water the inter particle lubrication is increased. High water
content results in a higher fluidity and greater workability but reduces the strength of concrete.
Because with increasing wi/c ratio the strength decreases as more water will result in higher
concrete porosity. So, the lower the wi/c, the lower is the void volume/solid volume, and the
stronger the hardened cement paste. Increased water content also results in bleeding, hence,
increased water content can also mean that cement slurry will escape through the joints of the
formwork (Shuttering).

Amount and type of Aggregate - Since larger Aggregate sizes have relatively smaller surface
areas (for the cement paste to coat) and since less water means less cement, it is often said that
one should use the largest practicable Aggregate size and the stiffest practical mix. Most building
elements are constructed with a maximum Aggregate size of 3/4" to 1", larger sizes being
prohibited by the closeness of the reinforcing bars. Because concrete is continuously shrinking
for years after it is initially placed, it is generally accepted that under thermal loading it will
never expand to its originally-placed volume. More the amount of aggregate less will be
workability. Using smooth and round aggregate increases the workability. Workability reduces if
angular and rough aggregate is used. Greater size of Aggregate- less water is required to
lubricate it, the extra water is available for workability. Angular aggregates increases flakiness or
elongation thus reduces workability. Round smooth aggregates require less water and less
lubrication and greater workability in a given w/c ratio. Porous aggregates require more water

compared to non absorbent aggregates for achieving same degree of workability.
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Aggregate Cement ratio - More the ratio less the workability. Since less cement mean less

water, so the paste is stiff.

Weather Conditions
(a) Temperature - If temperature is high, evaporation increases, thus workability
decreases.
(b) Wind - If wind is moving with greater velocity, the rate of evaporation also
increase reduces the amount of water and ultimately reducing workability.

Admixtures - Chemical admixtures can be used to increase workability. Use of air entraining
agent produces air bubbles which acts as a sort of ball bearing between particles and increases
mobility, workability and decreases bleeding, segregation. The use of fine pozzolanic materials

also has better lubricating effect and more workability.

Sand to Aggregate ratio - If the amount of sand is more the workability will reduce because
sand has more surface area and more contact area causing more resistance. The ingredients of
concrete can be proportioned by weight or volume. The goal is to provide the desired strength
and workability at minimum expense. A low water-cement ratio is used to achieve a stronger
concrete. It would seem therefore that by keeping the cement content high one could use enough
for god workability and still have a low w/c ratio.

Setting of concrete - The hardening of concrete before its hydration is known as setting of

concrete. The hardening of concrete before it gains strength. The transition process of changing
of concrete from plastic state to hardened state is also setting of concrete. Setting of concrete is
based or related to the setting of cement paste. Thus cement properties greatly affect the setting
time.
Factors affecting setting

» Water Cement ratio

» Suitable Temperature

» Cement content

» Type of Cement
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» Fineness of Cement
> Relative Humidity

> Admixtures

» Type and amount of Aggregate

Air Entrainment - It reduces the density of concrete and consequently reduces the strength. Air

entrainment is used to produce a number of effects in both the plastic and the hardened concrete.

These include

1. Resistance to freeze—thaw action in the hardened concrete.

2. Increased cohesion,

concrete.

reducing the tendency to bleed and segregation in the plastic

Compaction of low workability mixes including semi-dry concrete.

4. Stability of extruded concrete.

5. Cohesion and handling properties in bedding mortars.
MANUFACTURING OF CONCRETE

It is interesting to note that the ingredients of good concrete and bad concrete are the

same. If particular care is not exercised, and good rules are not observed, the resultant concrete

is going to be of bad quality. With the same material if intense care is taken to exercise control

at every stage, it will result in good concrete.

Concrete Production

Water
/ £ (10%)

Gravel®
(50%)

mixer

*Gravel = small stones

General concrete production
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The various stages of manufacture of concrete are:
1. Batching
2. Mixing
3. Transporting
. Placing

4
5. Compacting
6. Curing

7

. Finishing

Batching iXi Transport

Compaction

Process of concrete manufacturing

1. BATCHING is the process of measurement of specified quantities of cement, aggregates,
water and admixture, i.e., ingredients of concrete in correct proportion.
Batching Process
» Volumetric batching (Not desirable except for small non engineered jobs)
» Weigh Batching
Volumetric batching — It is not a good method for proportioning the material because of the
difficulty it offers to measure granular material in terms of volume. Volume of moist sand in a

loose condition weighs much less than the same volume of dry compacted sand. The effect of
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bulking should be considered for moist fine aggregate. For unimportant concrete or for any
small job, concrete may be batched by volume.

One standard SO-kg bag of cement
plus
Two box mecasures of sand
plus
Four box mecasures of coarsc aggregate.

Volumetric batching

Weigh Batching - Weigh batching is the correct method of measuring the materials. Use of
weight system in batching, facilitates accuracy, flexibility and simplicity. Large weigh batching
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plants have automatic weighing equipment. On large work sites, the weigh bucket types of

weighing equipments are used.

Weigh batching
Components of a Batching Plant
» Aggregate bins for various types of aggregates
» Feeding mechanisms such as scrappers, conveyors or hoists etc. to transfer aggregate to
scales (balances)
Balance and measuring system
Cement silos and a conveyor screw or bucket conveyor

The storage tank for water and water measuring system

YV V V V

Dispenser for chemical (liquid) admixture

Scrap =
Fly ash silo—
Cement Silos

Aggregate bins s
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Screw Conve

Control Room

Mixer

Batching plant

2. MIXING - Thorough mixing is essential for production of uniform quality concrete. The
equipment and method should be capable of effectively mixing concrete material containing
largest specified aggregate to produce uniform mixtures of the lowest slump practical for the
work.
Types

1. Manual mixing or Hand mixing

2. Stationary mixing

3. Ready mix concrete
Manual or hand mix - Hand mixing is practiced for small scale unimportant concrete works.
As the mixing cannot be thorough and efficient, it is desirable to add 10 per cent more cement to
cater for the inferior concrete produced by this method. Hand mixing should be done over an
impervious concrete or brick floor of sufficiently large size to take one bag of cement. It is

spread out by the measured quantity of coarse aggregate and fine aggregate in alternate layers.
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Pour the cement on the top of it, and mix them dry by shovel, turning the mixture over and over
again until uniformity of color is achieved. Water is taken in a water-can fitted with a rose-head
and sprinkled over the mixture and simultaneously turned over. This operation is continued till

such time a good uniform, homogeneous concrete is obtained.

Manual mixing of concrete

Stationary mixing — Mixing of concrete is almost invariably carried out by machine, for
reinforced concrete work and for medium or large scale mass concrete work. Machine mixing is
not only efficient, but also economical, when the quantity of concrete to be produced is large.

The following schematic sketch shows the type of stationary mixes.

MIXER
CONTINUOUS . - BATCH
MIXER MIXER

l

PAN DRUM MIXER
MIXER ‘
‘1
l i .I
TILTING NONTILTING REVERSING
MIXER MIXER MIXER
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Continuous Mixer - Continuous type mixer produces concrete at a constant rate. In this type,
the constituents are continuously entered at one end as the fresh concrete exits the other end.

They are usually non-tilting drums with screw-type blades rotating in the middle of the drum.

v A

Traditional Continuous Mixer

Batch Mixer - The usual type of mixer is a batch mixer, which means that one batch of concrete
is mixed and discharged before any more materials are put into the mixer.
Two main types of batch mixer can be distinguished by the orientation of the axis of rotation.

1. Horizontal or Inclined (drum mixers)

2. Vertical (pan mixers)

The drum mixers have a drum, with fixed blades, rotating around its axis, while the pan

mixers may have either the blades or the pan rotating around the axis.
Horizontal or Inclined or Drum Mixers - This is also called as free fall mixer or gratify mixer.
In this type of mixer, concrete is mixed by lifting the ingredients with the help of fixed blades
inside a rotating drum and then dropping the material by overcoming the friction between the
mixture and the blades. The drum of the mixer can be filled and emptied by changing its
direction of rotation, opening it, or tipping it up. Rotation speed must carefully follow machine-
specific instructions and should not be too fast so that the free fall of the mixture is not

interrupted by the centrifugal force.

www.Jntufastupdates.com 27



Horizontal batch mixer
Types of Drum Mixers

« Non-tilting drum mixer.

e Reversing drum mixer.

e Tilting drum mixer.
Non-tilting drum mixer - The non-tilting drum mixer implies that the orientation of the drum is
fixed. The materials are added at one end and discharged at the other. A non tilting drum mixer is
one in which the axis of the mixer is always horizontal, and discharge takes place by inserting a
chute into the drum or by reversing the direction of rotation of drum. Because of slow rate of
discharge, some segregation may occur. There are two openings, one at each end of the drum:

one for feeding the ingredients, the other for discharging the mixture.

CHARGING

~

DISCHARGE

ORIVE
MECHANISM
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Non tilting drum mixer

Reversing drum mixer (truck mixer) - The reversible drum mixer is similar to the non tilting
mixer except that the same opening is used to add the constituents and to discharge the
aggregate. The drum on a reversible mixer has one horizontal axis around which it rotates. In
mixing position, the drum rotates in one direction; while for discharging, the rotation is reversed.
Commonly self-loading, reversible mixers are mid-size to large-size units mounted on a two-or
four-wheeled trailer for transportation between sites. The mixer is equipped with a tilting hopper
similar to that occasionally found on a tilting mixer, or with a hoist-like hopper that moves up
and down on a short inclined set of rails and that dumps the ingredients through a bottom
opening into the drum. A built-in mechanical skip to facilitate aggregate loading into the hopper
is optional on many models. Most models of this mixer type are equipped with a water tank and
meter, and optionally (the larger models) with a built-in aggregates batcher.
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Reversible Concrete Mixer

Fine and course aggregate
are carried side by side in a
divided open topped bin

_ Awlnt powder is

carmied in a special,
closed, watertight
bin behind the
aggragate bin

OPERATION

OF A TRUCK MIXER

Types of reversing or truck Mixers

o Rear discharge truck mixers
e Front discharge truck mixers
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Rear discharge trucks - Rear discharge trucks require both a driver and a "chute man" to guide

the truck and chute back and forth to place concrete in the manner suitable to the contractor.

Rear discharge trucks
Front discharge trucks - Newer front discharge trucks have controls inside the cab of the truck

to allow the driver to move the chute in all directions.

\mm ?hippmi Gollection

Front discharge trucks
Tilting mixer - In this type of mixer axis of the drum does not remain horizontal. The position of
drum axis for different operations i.e. feeding, mixing and discharge is different. Tilting mixers
are usually trailer-mounted or otherwise portable, small to mid-size mixers, used either as main
concrete mixing equipment on small sites or as ancillary equipment on sites served by concrete
plant.
The drum has two axes: one around which the drum rotates and another that serves to

change from loading and mixing position (drum opening up) to discharging position (drum
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opening down). This position change is done manually by a dump wheel (or handle, in the
smaller mixers), while drum rotation is electric, gasoline, or diesel powered. Drums are
traditionally made of steel, but polyethylene drums for easier cleaning are now offered. Most
mixers are of the side-dump type, but end-dump mixers are also manufactured. Material is
generally loaded manually, directly into the drum. There are larger-size self-loading units
equipped with a tilting hopper. After being filled manually at ground level, the hopper is tilted up
mechanically and dumps the material into the drum. A built-in mechanical drag shovel to
facilitate aggregate loading into the hopper is optional in some models. The drum is conical or
bowl shaped with internal vanes and the discharge is rapid and unsegregated so that these mixers
are suitable for mixes of low workability and for those containing larger size aggregate. The
drum axis usually stays at an angle of 15 degree from horizontal during mixing. Tilt mixer offers
consistent mixing with lower operating and maintenance cost. Tilting drum is the most common
type of drum mixers for small batches. Tilting mixers can handle larger size aggregates more

easily and will discharge mixed concrete rapidly than a non tilting mixer.

@/ "
"
\

Filling the mixer Mixing

\

Discharging the mixer
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Tilting drum mixer

Pan Mixer

A pan type mixer is a forced—-action mixer, as distinct from drum mixer which relies on the free
fall of the concrete inside the drum. The pan mixer consist of a circular pan rotating about its
axis with one or two stars paddles rotating about vertical axis of pan.

Components of a pan mixer are,

e Pan
e Shaft
e Scraper

1.mixing engine

2.mixing arms

//j , |
( // I | T—— ,,:— —,f
/zﬂ;—&‘\[
o
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shaoft
4 _ mixing blodes
S.bottom

3.vertical
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Pan Mixer

3. TRANSPORTING - Transporting the concrete mix is defined as the transferring of concrete
from the mixing plant to the construction site. Keep in mind that not all concrete is mixed on the
actual construction site and could require some significant travel. This is most common for
ready-mixed concretes. The main objective in transporting concrete is to ensure that the water-
cement ratio, slump or consistency, air content, and homogeneity are not modified from their
intended states.

Important Factors in Choosing Transportation

There are many elements of transporting that need to be considered in order to ensure that a mix
does not change its state as specified in the contract. The two key goals when transporting
concrete from the mixing plant to the construction site are to prevent segregation and to not
reduce the workability of the mix. This transportation process must be well thought out and
organized efficiently. As a general rule of thumb, thirty to sixty minutes of transportation are
acceptable on small jobs. At a central or portable ready-mix plant, concrete should be discharged
from a truck mixer or agitator truck within two hours. If non-agitating transporting equipment is
used, this time is reduced to one hour. All delays must be avoided in order prevent
honeycombing.

Many factors determine which type of transportation is most suitable. Type and constituents of
the concrete mix, size and type of construction, topography, weather conditions (i.e. temperature,

humidity, wind speed), location of the batch plant, and cost are all taken into consideration when
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choosing a mode of transport for your concrete. If you choose the wrong mode of transportation,

your concrete could be segregated, which would in effect, make it useless. Therefore it is

essential that adequate thought be given to the type of transportation you actually need.

Categories of Transportation

There are many modes of transportation as shown below:

a)

Mortar Pan - It is a labor intensive method and generally used for small works. There are
no chances of segregation of concrete. In hot weather, there is a substantial loss of water

due to more exposure of concrete to environment.

b) Wheelbarrow or Hand cart - It is normally used on ground level i.e. road construction and

other similar structures. Segregation can occur if transportation is done on rough roads,

however this problem can be minimizes if pneumatic tyres are used.

TR W A T S T

.- {174
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Truck mixer - It is an improved and better method for long lead concreting. The concrete

is covered with tarpaulin if it is transported in open trucks. If long distance is involved,

agitators should be used.
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d) Bucket or Ropeway - It is suitable for works in valley, over high piers and long dam sites.

Excessive free fall of concrete should be avoided to minimize segregation.

e A
= 7

e) Chute - It is generally used for concreting in deep locations. Care should be taken that

slope should not be flatter than 1V:2.5H, otherwise concrete will not slide down. But
workability should not be changed to suit the delivery by chute. Technically it is not a

very good method but it is extensively used in the field.
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f)

9)

h)

Belt conveyor - It has limited application due to chances of segregation on steep slopes,
roller points and changes in direction of belt. It also involves over-exposure of concrete

to environment.

Concrete pump - It is the most sophisticated method particularly suitable for limited
space or when a large quantity of concrete is to be poured without cold joints. Pumping
of concrete can be done at 8 to 70 cubic meters per hour up to a horizontal distance of
300 meter and vertical distance of 90 meter. Pipe diameter is generally 8 to 20 cm and it
is made of steel, plastic or aluminum. The workability for pumped concrete should have a
minimum of 40 to 100 mm of slump or 0.90 to 0.95 compacting factor. At delivery point
the workability may be reduced by 25% due to compaction and this factor should be kept

in mind while designing the mix.

Al LR
=4

Skip and Hoist - It is a widely used method for high rise structures. Concrete is fed into
the skip which travels vertically on rails like a lift. After discharging, it is better to turn

over the concrete before use to avoid segregation.
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i) Transit Mixer - Transit mixer is one of the most popular equipment for transporting
concrete over a long distance particularly in ready mix concrete plant. They are truck
mounted having a capacity of 4 to 7 cubic meter. There are two variations. In one, mixed
concrete is transported to the site by keeping it agitated all along at a speed varying
between 2 to 6 revolutions per minute. In other category, the concrete is batched at the
central batching plant and mixing is done in the truck mixer either in transit or

immediately prior to discharging concrete at site.

4. PLACING
Before any concrete is placed the entire placing program consisting of equipment, layout,
proposed procedures and methods is planned and no concrete is placed until formwork is
inspected and found suitable for placement. Equipment for conveying concrete should be of
such size and design as to ensure a practically continuous flow of concrete during depositing
without segregation of materials considering the size of the job and placement location.
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Concrete is placed in its final position before the cement reaches its initial set and concrete is
compacted in its final position within 30 minutes of leaving the mixer and once compacted it
should not be disturbed.

In all cases the concrete is deposited as nearly as practicable directly in its final position
and should not be re-handled or caused to flow in a manner which may cause segregation, loss
of materials, displacement of reinforcement, shuttering or embedded inserts or impair its
strength. For locations where direct placement is not possible and in narrow forms suitable
drop and Elephant Trunks to confine the movement of concrete is provided. Special care is
taken where concrete is dropped from a height especially if reinforcement is in the way
particularly in columns and thin walls.

Concrete should be placed in the shuttering by shovels or other methods and should not
be dropped from a height more than 1 m or handle in a manner which will cause segregation.
Concrete placed in restricted forms by borrows; buggies, cars, sort chutes or hand shoveling
should be subjected to the requirement for vertical delivery of limited height to avoid
segregation and should be deposited as nearly as practicable in its final position.

Concreting once started should be continuous until the pour is completed. Concrete
should be placed in successive horizontal layers of uniform thickness ranging from 150 mm to
900 mm. These should be placed as rapidly as practicable to prevent the formation of cold
joints or planes of weakness between each succeeding layers within the pour.

The thickness of each layer should be such that it can be deposited before the previous
layer has stiffened. The bucket loads or other units of deposit should be spotted progressively
along the face of the layer with such overlap as will facilitate spreading the layer to uniform
depth and texture with a minimum of shoveling. Any tendency to segregation should be
corrected by shoveling stones into mortar rather than mortar onto stones. Such a condition

should be corrected by redesign of mix or other suitable means.
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Placing of concrete

5. COMPACTING

Compaction is a process of expelling the entrapped air. If we don’t expel this air, it will result
into honeycombing and reduced strength. It has been found from the experimental studies that

1% air in the concrete approximately reduces the strength by 6%.
It is important to compact the concrete fully because:

= Air voids reduce the strength of the concrete. For every 1% of entrapped air, the strength
falls by somewhere between 5 and 7%. This means that concrete containing a mere 5%

air voids due to incomplete compaction can lose as much as one third of its strength.
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= Air voids increase concrete's permeability. That in turn reduces its durability. If the
concrete is not dense and impermeable, it will not be watertight. It will be less able to
withstand aggressive iquids and its exposed surfaces will weather badly.

= Moisture and air are more likely to penetrate to the reinforcement causing it to rust.

= Air voids impair contact between the mix and reinforcement (and, indeed, any other
embedded metals). The required bond will not be achieved and the reinforced member
will not be as strong as it should be.

= Air voids produce blemishes on struck surfaces. For instance, blowholes and
honeycombing might occur.

Different methods of concrete compaction

There are two methods of compaction adopted in the field as given below.
= Hand compaction

= Mechanical Compaction
HAND COMPACTION

Hand compaction is used for ordinary and unimportant structures. Workability should be decided

in such a way that the chances of honeycombing should be minimum. The various methods of

hand compaction are as given below.

1. Rodding - It is a method of poking with 2m long, 16 mm dia rod at sharp corners and

edges. The thickness of layers for rodding should be 15 to 20 cm.
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2. Ramming - It is generally used for compaction on ground in plain concrete. It is not used

either in RCC or on upper floors.

3. Tamping - It is a method in which the top surface is beaten by wooden cross beam of
cross section 10 cm x 10 cm. both compaction and leveling are achieved simultaneously.

It is mainly used for roof slabs and road pavements.

MECHANICAL COMPACTION
Vibration is imparted to the concrete by mechanical means. It causes temporary

liquefaction so that air bubbles come on to the top and expelled ultimately. Mechanical vibration
can be of various types as given under.

1. Internal Vibration - It is most commonly used technique of concrete vibration. Vibration
is achieved due to eccentric weights attached to the shaft. The needle diameter varies
from 20 mm to 75 mm and its length varies from 25 cm to 90 cm. the frequency range
adopted is normally 3500 to 5000 rpm. The correct and incorrect methods of vibration

using internal vibration needles are shown below.
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2. External Vibration - This is adopted where internal vibration can’t be used due to either
thin sections or heavy reinforcement. External vibration is less effective and it consumes
more power as compared to the internal vibration. The form work also has to be made

extra strong when external vibration is used.
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4. Platform Vibration- It is similar to table vibrators but these are generally used on a very

large scale.
6. Surface Vibration - These are also called screed board vibrators. The action is similar to
that of tamping. The vibrator is placed on screed board and vibration is given on the

surface. It is mainly used for roof slabs, road pavements etc., but it is not effective

beyond 15 cm depth.

External : Surface Vibrators

Combination of all
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7. CURING

Once concrete has been placed and consolidated it must be allowed to cure properly to
develop good final properties. As the concrete hardens and gains strength it becomes less and
less vulnerable, so the critical time period is the first hours and days after it is placed. Proper
curing of concrete generally comes down to two factors, keeping it moist and keeping it
supported. Hydration of cement, as the word itself implies, involves reaction with water. To
cure properly, the cement paste must be fully saturated with water. If the relative humidity
level inside the concrete drops to near 90% the hydration reactions will slow, and by 80% they
will stop altogether. Not only will this prevent the concrete from gaining its full strength, but it
will also generate internal stresses that can cause cracking. To keep fresh and young concrete
moist, it can be covered with plastic or damp fabric to prevent evaporation, or sprayed
periodically with water. Spraying is particularly helpful when the w/c of the concrete is low,
because the original mix water is not enough for the cement to hydrate fully. The additional
water will not penetrate through a thick concrete structure, but it will help create a stronger
surface layer. Pools of water should not be allowed to form on the surface, however, as this
will leach and degrade the concrete underneath.

When concrete is placed using formwork, there is generally a desire to remove the
formwork as quickly as possible to continue the construction process. However, if this is done
too soon the fresh concrete will deform under its own weight. This will lead to a loss of
dimensional tolerances, cracking, or even a complete collapse. Similar problems occur if loads
are applied to the surface of a floor or slab too early.

The weather plays an important role in the curing process. Hot windy weather leads to
rapid evaporation and thus particular care must be taken to keep the concrete moist. Cold
weather causes the concrete to harden much more slowly than hot weather. This delays the
construction process, but leads to better concrete in the long run, because the hydration
products develop differently at different temperatures. If fresh concrete freezes, however, it

will likely be destroyed beyond repair.
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8. FINISHING

Concrete that will be visible, such as driveways, highways, or patios, often needs

finishing. Slabs can be finished in many ways, depending on the intended service use. Options
include various colors and textures, such as exposed aggregate or a patterned-stamped surface.
Some surfaces may require only strike off and screeding to proper contour and elevation, while
for other surfaces a broomed, floated, or troweled finish may be specified.

Screeding or strike off is the process of cutting off excess concrete to bring the top surface of the
slab to proper grade. A straight edge is moved across the concrete with a sawing motion and
advanced forward a short distance with each movement.

Bull floating eliminates high and low spots and embeds large aggregate particles immediately
after strike off. This looks like a long-handled straight edge pulled across the concrete.

Jointing is required to eliminate unsightly random cracks. Contraction joints are made with a
hand groover or by inserting strips of plastic, wood, metal, or preformed joint material into the
unhardened concrete. Saw cut joints can be made after the concrete is sufficiently hard or strong
enough to prevent raveling.

After the jointing the concrete, it should be floated with a wood or metal hand float or with a
finishing machine using float blades. This embeds aggregate particles just beneath the surface;
removes slight imperfections, humps, and voids; and compacts the mortar at the surface in
preparation for additional finishing operations.
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Where a smooth, hard, dense surface is desired, floating should be followed by steel troweling.
Troweling should not be done on a surface that has not been floated; troweling after only bull
floating is not an adequate finish procedure. A slip-resistant surface can be produced by

brooming before the concrete has thoroughly hardened, but it should be sufficiently hard to
retain the scoring impression.

Troweling

Brooming Screeding
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READY MIX CONCRETE

Ready mixed concrete production is a process, whereby, mixing and transportation of

concrete can be combined together and the product is delivered to the site, at times right in the

mould straight away. According to 1S-4926, the definition of Ready mixed concrete is:

“Concrete delivered at site or in to the purchaser’s vehicle in a plastic condition and requiring no

further treatment before being placed in position in which it is to set and harden”.

Factors Delaying Entry of RMC in India

>

YV V V V

>

RMC is highly mechanized activity and entails initial high cost.

Especially due to import of basic equipment and machinery.

Smaller size of construction in unorganized sector highly competitive and cost conscious.
Availability of abundant cheap labor for making and transporting concrete.

Differential taxation between RMC and SMC.

Especially before 1997 when excise duty @16% also existed.

Factors that Prompted Introduction of RMC

>
>
>
>
>

Increasing stakes in the reliability and durability of construction of emerging users.
Decreasing share of construction cost in overall cost of the facility.

Increasing awareness on environmental factors and convenience.

Globalization — adoption of best practices across the globe.

Bigger size of projects and Time is recognized as a cost factor.

Status of RMC in India

No. of Plants
Geographical Distribution
2001 - 2002 2004 — 2005
Bangalore — Mysore Belt 12 35
Chennai — Trichannapali 8 25
Hyderabad — Vizag [ 12
Pune 2 10
Mumbai, Navi Mumbai 12 25
Goa 1 2
Delhi, Gurgaon, Faridabad, Moida 5 25
Kolkatta 1 3
Ahemdabad, Surat 3
Jaipur 2
Sundry 5
Total a7 147
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Expected growth of commercial RMC in India

Year | Total Concrete Concrete EMC Total RMC REMC
consumption in domain | penetration | requirement | penetration in
{Million m*) of RMC % of 2 {Mnm’) domain of
plants at commercial
B0% of 2 RMCI(5+3) (%)
(1 2 i3 4 (5) (6)
22 182 145.6 1.3 24 1.6
2005 243 194.4 435 10.58 5.6
2007 314 151.2 5.75 17.8 T.08
2012 440 3520 725 3190 2.06
2017 589 471.2 8.75 51.53 10.72
2022 TRE 6304 L0.00 TH.80 12.50

Dry Batch Concrete Plant Major Components

Bulk Dry Storage Silos 0 Cement 0 Fly Ash
Aggregate Storage Bins

Aggregate Scale

Cementitious Scale

Charging Belt

Radial Stacker

Water Meter / Scale

YV V. V V V V V V

Discharge Boot

A typical RMC
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CEMENT SILOS

AGGREGATE CONVEYOR

TWIN SHAFT MIXER
AGGREGATE BINS

Flowchart for Manufacturing of concrete in RMC
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< Raw Material used to produce Concrete

Ready-mix concrete 1s made from cement, aggregate and water.

Aggregate make up majority of the concrete’s volume and the cement provides resistance.
Additives are incorporated into the mix to ensure particular properties such as improved
durability or shortened hardening times.

Dunng the mixing phase, we control every step to ensure quality and uniformity.

Raw Materials are:-
1. Water
2. Addituves
3. Cement

4. Aggregate
5. Air
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< Aggregates

e Aggregates, which make up roughly 60% to 75% of ready mix concrete’s volume, are

obtained from quarries and aggregate banks.

< Additives

* Additves are solid or liquid chemical substance that can be added to ready mix concrete
before or duning preparation.
¢  Most commonly used additives either improve a hardened concrete’s durability or reduce a

concrete’s water content in an effort to shorten setting times.
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< Water

®  This 1s the mux's vital fluid sets off a chemical reaction when it comes into contact with

the cement

< Cement

CEMENT

ccccscssnsnccssccncelD

* No others matenal rivals cement’s important in the mix; it’s the ingredient that gives
concrete its strength.

®  The most widely used cements are gray Portland type | and Pozzolona Portland type 2.
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< Concrete mixing

CONCRETE

® Dunng the mixing phase, the different components come together to produce a uniform
mass of concrete,
e  Mixing ume is registered from the movement material and water is poured into the cement

mixer, and it begns rotating.

< Ready to use for site

ROTATION ~

#  While transporting concrele 1o a sie, the cement mixer never stops revolving a4 speed of

Iwo I SEX Mlations per minuwle.
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RMC- MAJOR ADVANTAGES

>

YV V. V V V V

Assured and Uniform Quality of Concrete

Speedier Construction through mechanized operations

Need For Ordering and Storing Cement, Aggregates and Sand on Site Totally Eliminated
Lower Labor And Supervisory Costs

Minimization of cement wastage through bulk handling and storage

Cleaner working environment

Eco-friendly product

RMC DISADVANTAGES

>

YV V. V VYV V

Delay in setting of concrete beyond 24 hours.

Development of cracks when the concrete is still in fresh state.

Development of cracks in hardened concrete.

Non-compliance of concrete cube strength (cast at site) to specifications at 7-days.
Non-compliance of concrete cube strength (cast at site) to specifications at 28-days.
Concrete supplied to site either has more slump than specified or has become stiff making

it difficult to pump.

PROPERTIES OF HARDENED CONCRETE

Characteristic strength, drying shrinkage, creep, modulus of elasticity, permeability and

resistance to chemical attack are hardened and time-dependent properties of concrete that may

influence structural performance.

Structural performance may be described in terms of:

>
>

Strength: The ability of the structure to withstand load.
Serviceability: The ability of the structure to provide a comfortable, aesthetic

environment when used for intended functions.

» Durability: The time for which the structure is serviceable, and the maintenance required

for it to remain serviceable. The ability of a structure to withstand load does not

necessarily imply that the structure will fulfi Il its function.
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