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1.0 Concrete as a construction material:
e Concrete is one of the most commonly used building materials,
e Concrete is a mixture of portland cement, water, aggregates, and in some cases, admixtures.
Concrete is a versatile material that can easily be mixed to meet a variety of special needs and formed to virtually

any shape.

1.1 Grades of concrete.

Grades of concrete are cefined by the strength and composition of the concrete, and the minimum strength the
concrete should have following 28 days of initla! construction. The grade of concrete is understood in measuremeits
of MPa, where M stands for mix and the MPa denotes the overall strangth. -
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PG (ﬂoh Cmm Conaete) e.g Lewelling course, beiking tor footing, concreteroadi etc.  1:3:6

PCCeg. Levelling cowse. Ledding forfosting conzrets rosdselc.

RCC (Ao nformred Cement Concrete) e.g. Siabis, Beams, cokumm, fosting vic, [for miid
exposure)
REC {Reinfomed Coment Concrete) . Slaks, bean,, colwmns, focting etc.

RCT g. Sabs, beams, ccdumms, foating oic
RCC ep. Yabs, “ram, caumns, footing etc
RUC wg, Pro-stressed conc o, s, beams, columns, footing Me.

RCC eg. Runways, Conoete Foads (PQC), Prost ressed Conzrate Girgdes 5, heame. RCC
Columm

ROC eg. Punvaays, Concreve Randy (PQC), Prestressed Comerete Girdars, buams, ROC °
Calumss

RLC @g. Prestressed Conoete Gleders & Piory

RCC work where compressive strength is required such as high rse butding, long span

isidges, ultra-thin white topging #1¢ and constrisct ans in Aggressive o.g. Spihvays of dams
coustal construction

1.2 Advantages and disadvantages of concrete.

Advelages:

* Itis & relatively cheap material and has a relatively long life with few malntenancerequirements.
* [tis strong in comprassion.
* Before it hardens it is a very pliable substance that can easily be shapad.

* Itis non-combustible.

Disadvantages:

* Relatively low tensile strength when comparad to other building materials,

* Low ductability.

= Low strength-to-welght ratio.
* [t Is suscaplible to cracking.
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2.0 Cement:

2.1 Compeosition, hydration of cement, water cement ratio and compressive strength, types of cement,
, finenass of cement, setting time, soundness

Checking of materials is an essential part of civil engineering a3s the life of structure Is dependent on the quality of
material used.Following are the tests to be conducted to judge the quality of cement,

1. Fineness

2. Soundness

3. Consizcency

4. Initial And Final Setting Time Of Cement

FINENESS

So we need to determine the fineness of cement by dry sieving as per IS; 4031 (Part 1) - 1996.The principle of this is that we
determine the proportion of cement whose grain size is larger then specified mesh size.

The apparatus used are 90um IS Sieve, Balance capable of weighing 103 to the nearest 10mg, A nylon or pure bristie brush,
preferably with 25 to 40mm, bristle, for cleaning the sleve,

sieve shown in pic below is not the actual 0pum selve.its just for reference,

Procedure to determine fineness of cement
i) Welgh appruximately 10g of cement to the nearest 0.01g and place it on the sieve.

ii) Agitate the sieve by swirling, planetary and linear movements, until no more fine materfal passes through it.

iii) Welgh the residue and express Its mass a5 a percentage R1,of the quantity first placed on the sieve to the nearest 0.1 percent.

W Gently brush all the fine material off the base of the sleve,

¥) Repeat the whale procedure using a fresh 10g sample to obtaln R2. Then calculate R as the mean of R1 and R2 as a percentage,

expressed 10 the nearest 0.1 percent. When the results diffar by mare than 1 percent absolute, carry out a third sieving and
Glculate the mean of the three values.

Repaorting of Results



Water Cement é?atio
» Water Cemmmo means the ratio between the weight of water to the
weight of cement used in concrete mix. S Code 10262
# Normally water cement ratio falls under 0.4 to 0.6 as per IS Co

(2009) for ndminal mix (M10, M15 - M25)
» We all know 1hat water cement ratio will directly affect the strength of
concrete, Eitlier it increases the strength if used in correct proportion or

decrease it.

Calculation of Water Quantity for Concrete

> As you can See from the Chart, the W/C Ratio varies from 0.4 to 0.7
depending ah exposure conditions.

» If we need to calculate Water quantity for concrete, first find the
cement content for the volume.

> If we Assume the required cement volume as 50kg,

» Required amount of water = WIC Ratio X Cement Volume

» Therefore, F{gquired amount of water = 0.5 X 50 kg = 25 litres / 50 kg
cement bang .

Workability

> Wor?cabiligy fheans the abiliﬂy of concrete to handle, transport ang

placing without any segregation. The concrete saig to be if i
can be easily handled, placed and transported without an;lNOI'kable if it

!
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Testing of Cement
1. Field Testing

# Open the bag and take a good look at the cement, then it should not contain any visible
lumps.

Colour of cement should be greenish grey.

Should get cool feefing when thrusted.

When we touch the cament, it should give a smeoth &not a gritly feeting.

When we throw the cement on a bucket full of water before It sinks the particles should flow.

When we make a stiff paste of cement & cut it with sharp edges & kept on 8 glass plate
under waler there wont be any disturbance to the shaped should get strength after 24hours.

E N N T

2.La t estin

Fineness test

Standard consistency test

Setling time test

Strength tes!

Soundness tost

Heat of hydration test

Chemical composition lest

The fineness of cement has an imporfant bearing on the rate of hydration, rate of gain of

strength, evolution of heal.

Finer cement offers greater surface area.
Disadvantage of fine grinding is that it is susceptible to air sel & early deterioration.

Maximum no. of particles in a sample of cement<100microns.
The smallest particle should have a size if 1.5microns.
Large particle should have a size of 10microns.

-
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§ TEST
Finaness of cement is tested in two ways.

1. By sieving. :
2. By determination specific surface by air permeability
!
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v«(sve TEST

Take correclly 100grams of cement on a standard 1S sieve No.9
Break down the air-set lumps & sieve it &weigh it.

B
&
+ This weight shall not exceed 10% for ordinary cement,
+ Sieve test is rarely used.

+ The weight of the residue should not exceed 10% for ordinary cemenL

2.STANDARD PERMEABILITY TEST
e N TERVIEABILITY TEST

4 Principle of air permeability method is in observing the time laken for a fixed quantity
of air to flow through compacled cement bed of specified dimension and porosity,
PROCEDURE

Cement required to make & cement bed of poresity 0,475 is calculated,

Pass on the air slowly at constant v

elocity,
Adjust the rate of air flow until the N
50cm,

4+ Repeat these
S
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owmeter shows a difference in level of 30-
_gpSewa!ion for constant h1/ha2, specified air flow,
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Used to find out the percentage of water required to produce a cement past

Vicat Apparatusg

e of standard

rmal consistency (CPNC).

consistency. This is also called no
pr of r%.

For first trial, take about 500gms of cement & wat
Fill it In Vicat's mould with in 3-5min.

After filling, shake the mouid to expel air.

A standard plunger, 10 mm diameter, 50 mm lang is attached and brought down to touch the
surface of the paste and quickly released.

Note the reading according to depth of penetration of the plunger.

Conduct trials continuously by taking different water cement ratios till the plunger

penetrates fora depth of 33-35mm from

This particular percentage is known as percentage of water required to produce cement
paste of standard consistency. This is usually denoted as “P".

SUITABLE CONDITIONS:
+ Conducted in a constant temperaiure of 27°£2°C.

& Constant Humidity 80%.

TEST
division has been made for the selling time of cement as

Initial setting time

2. Final setting time.
3.
-

INITIAL SETTING TIME

The time elapsed between the moment that the water is added to the cement, t '
that the paste starts losing its plasticity. t, to the time
Normally a minimum of 30min has maintained for mixing & handling operations

it shoutd not be less than 30min.

FINAL SETTING TIME

« The time elapsed between the moment the water is added to the ,
< S cement, and th
when the paste has completely lost its plasticity and has attained sufficient firm e tmt\e
rasist certain definite pressure. ness to
&4 It should not exceed 10hours. So that it is
from extemal activities, avoided from least vulnerable to damages

PROCEDURE:
Vicat apparatus Is used for finding the setting time

Take 500gms of cement and add about 0.8
Th.e paste should be filled within 3-5 mlnuieip
Initial and final setting time is noted. '

STRENGTH TEST



4 This is the most important of all properlies of hardenad cement.

* & Due to excessive shrinkage and cracking the strength tests are not made on neat cement

paste.

Standard sand s used for finding the strength of cement.

Take sand and cement (i.., 1-3 ratio of cement and sand) Mix them for 1min, then add water

of quantity(P/d)+3,0%.

&  Mix three ingredionts thareughly until the mixture is of uniform calour,
4 The time of mixing should not be<3min and >4min, Then the mortar i filled into a cube
mould of 7.06cm. Compact the moriar,
*  Keep the compacted cube in the mowld at a lemperalure onT'CtZ"CandauaastQOper
cent ralative humidity for 24 hours.
+ After 24hours the cubes are removed & immersed in clean fresh water until taken for testing.
stUNDN SS

& Itis very important that the cement after selting shall not undergo any appreciatie change of
volume,

+ This testis to ensure that the cement does not show any subsequent expansions, The
unsoundness in cement is due to the presence of excess of lime combined with acidic oxide
at the kiln,

& This is due to high proportion of magnesia & calcium sulphate,

4 Therefore m\amesia content in cement is limited 10 6%,

>
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Chapter-3 aggregates

_ » Aggregate is derived from naturally occurring rocks by blasting or
crushing etc.
o Aggregates are the important constituents of the concrete which give body
to the concrete and also reduce shrinkage.
o Aggregates occupy 70 to 80 % of total volume of concrete.

Classification of Aggregates

-~

Aggregates are classified into following types:
\

¢ Classification based on Shape
o Classification based on Size

Classification of Aggregates based on Shape
It is of following types:

Rounded aggregates

Irregular or partly rounded aggregates
Angular aggregates

Flaky aggregates

Elongated aggregates

Flaky and elongated aggregates

1.Rounded Aggregate

o The rounded aggregates are completely shaped by attrition and available
in the form of seashore gravel. ‘

R

¢ Rounded aggregates result the minimum percentage of voids (32 - 33%)
hence gives more workability.

» They require lesser amount of water-cement ratio,

o They are not considered for high strength concrete because of poor
interlocking behavior and weak bond strength.



2.Irregular Agg_} regates

e The imegulaf or partly rounded aggregates are partly shaped by attrition
and these are available in the form of pit sands and gravel.

[rregular aggregates may result 35- 37% of voids.

These will give lesser workability when compared to rounded aggregates.

The bond strength is slightly higher than rounded aggregates but not as
required for high strength concrete. o= siin

oaRr




3.Angular Aggregates

* The angular aggregates consist well defined edges formed at the

intersection of roughly planar surfaces and these are obtained by crushing
the rocks.

* Angular aggregates result maximum percentage of voids (38-45%) hence
gives less workability.

e They give 10-20% more compressive strength due to development of
stronger aggregate-mortar bond,

e So, these are use

ful in high strength concrete manufacturing.
D Do o oy, o O

4.Flaky Aggregates

e When the aggregate thickness is small when compared with width and
length of that aggregate it is said to be flaky aggregate.

Or,

* when the least dimension of aggregate is less than the 60% of its mean
dimension then it is said to be flaky aggregate.




:ngth of aggregate fs larger than the other two dimensiong then
ongated aggregate |




Fine Aggregate

* When the aggregate is sieved through 4.75mm sieve, the aggregate passed
through it called as fine aggregate,

e Natural sand is generally used as fine aggregate, silt and clay are also
come under this category.

e The soft deposit consisting of sand, silt and clay is termed as loam.

o The purpose of the fine aggregate is to fill the voids in the coarse
aggregate and to act as a workability agent.

Fine aggregate\ Size variation \
Coarse Sand 2.0mm - 0.5mm

Medium sand 0.5mm - 0.25mm

Fine sand 0.25mm - 0,06mm

Silt 0.06mm - 0.002mm
Clay <0.002




rse regate

When the aggregate is sieved through 4.75mm sieve, the aggregate

retained is called coarse aggregate,

Gravel, cobble and boulders come under this category.

The maximum size aggregate used may be dependent upon some

conditions,

In general, 40mm size aggregate use
is used for high strength concrete,

d for normal strengths and 20mm size

The size range of various coarse aggregates given below

Coarse aggregate Size
Fine gravel 4mmm |
Medium gravel 8mm ~ 16mm |
Coarse gravel Im ~



Cobbles

64mm - 256mm

Boulders >256mm

“Characteristics of aggregate

> Aggregates are used in concrete to provide economy in the cost of

er only. These do not react with cement
and water,

> But there are properties

or characteristics of aggregate which influence
the properties of resulti

Ng concrete mix. These are as follow.

\
Composition

Size & Shape

Surface Texture

Specific Gravity

Bulk Density

Voids

Porosity & Absorption

Bulking of Sand

9. Fineness Modulus of Aggregate
10.  Surface Index of Aggregate
11. Deleterious Material

12. Crushing Value of Aggregate
13.  Impact Value of Aggregate
14.  Abrasion Value of Aggregate

1. COMPOSITION

L = R e S




* The size and shape of the aggregate particles greatly inﬂﬁ;::;(l: ct]he
quantity of cement required in concrete mix and hence u y

economy of concrete.

* For the preparation of economical co

ncrete mix on should use largest

coarse aggregates feasible for the structure.

* IS-456 suggests following recommendation to decide the maximum Size

of coarse aggregate to be used in P.C.

C & R.C.C mix.

* Maximum size of aggregate should be less than

1. One-fourth of the minimum dimension of the
concrete member, _
ii. One-fifth of the minimum dimension of the

\
iii. The minimum cle
or 5 mm less than
reinforced bars an

heavily reinforced

of the main bars.

mixed concrete more
3. SURFACE TEXTURE

cement paste depends upon the gy
surface porosity of the aggregate

rface

* Ifthe surface is rough but porous,

porous surface aggregates, the bon
cement paste in the pores.

4. SPECIFIC GRAVITY

§

* Theratio of weight of oven dri
temperature of 100710 110°C,
displaced by saturated d
of aggregates,

S—

———ee.

reinforced concrete member,

Egregate particles influence t
as compared to those of harg

particles,

ar spacing between reinforced bars
the minimum cover between the

d form, whichever is smaller for
concrete members such as the ribs

he properties of freshly
ened concrete.

texture, surface roughness and

maximum bond strength develops. |
| ps. In
d strength Increases dye to setting of



* Specific gravity is a mean to decide the suitability of the aggregate.

i. Low specific gravity generally indicates porous, weak and
absorptive materials

il. High specific gravity indicates materials of good quality.

* Specific gravity of major aggregates falls within the range of 2.6 to 2.9,
5. BULK DENSITY

» Itis defined as the weight of the aggregate required to fill a container of
unit volume, It is generally expressed in kg/litre,

* Bulk density of aggregates depends upon the following 3 factors.

\ 1. Degree of compaction \
ii. Grading of aggregates
1ii. Shape of aggregate particles

6. VOIDS

* The empty spaces between the aggregate particles are known as voids,

* The volume of void equals the difference between the gross volume of the
aggregate mass and the volume occupied by the particles alone,

7. POROSITY & ABSORPTION

* The minute holes formed in rocks during solidification of the molten
magma, due to air bubbles, are known as pores. Rocks containing pores
are called porous rocks.

Water absorption may be defined as the differen

ce between the weight of
very dry aggregates and the weight of the satura

ted aggregates with
surface dry conditions,
Depending upon the amount of moisture content in aggregates, it can exist in
any of the 4 conditions,

1 Very dry aggregate ( having no moisture)
2) DIy aggregate (contain some moisture in its pores)
\

-



N Saturated surfaoce dry aggregate (pores completely filled with moisture but

no moisture on surface) 3 ’ ;
4 Moist or wet aggregates (pores are filled with moisture and also having

moisture on surface)

8. BULKING OF SAND

* [Itcan be defined as in increase in the bulk volume of the quantity of sang
(i.c. fine aggregate) in a moist condition over the volume of the same
quantity of dry or completely saturated sand.

* The ratio of the volume of moist sand due to the volume of sand when
dry, is called bulking factor,

* Fine sands bulk more than coarse sand.

* When water is added to dry and loose sand, a thin film of water is formeg
around the sand particles. Interlocking of air in between the sand particles
and the film of water tends to push the particles apart due to surface
tension and thus increase the volume.

* Butin case of fully saturated sand the water films are broken and the
volume becomes equal to that of dry sand.

9. FINENESS MODULUS

* More fineness modulus valye indicates that the a
small value of fineness modulys indicates tha 1,

10. SPECIFIC SURFACE OF AGGREGATE

Egregate is coarser and
€ aggregate is finer.

* The surface area per unit weight of the ial i
m .
surface, Atenial is termed as specific

* This is an indirect measyre of the aggregate gradin
2.



» Specific surface increases with the reduction i

n the size of aggregate
particle.

o The specific surface area of the fine aggregate is very much more than
that of coarse aggregate.

_11. DELETERIOUS MATERIALS

o Aggregates should not contain any harmful material in such a quantity so

as to affect the strength and durability of the concrete. Such harmful
materials are called deleterious materials,

* Deleterious materials may cause one of the following effects

i. To interfere hydration of cement

il. To-Rnevcnt development of proper bond "
iii. To reduce strength and durability

iv. To modify setling times

» Deleterious materials generally found in aggregates, may be grouped as

under
a. Organic impurities
b. Clay, silt & dust
c. Salt contamination
12. CRUSHING VALUE

* Theaggregates crushing value gives a relative measure of resistance of an
aggregate to crushing under gradually applied compressive load.

* Theaggregate crushin
belavior of aggregat

13. IMPACT VALUE

g strength value is a useful factor to know the
es when subjected to compressive loads,

» Theaggregate impact valye gives a relative measure of the resistance of an
aggegate to sudden shock or impact,

14. ABRASION VALUE OF AGGREGATES



The abrasion value gives a relative measure of resistance of an aggregate to weg,
when it is rotated in a cylinder along with some abrasive charge.
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Properties and Tests of Aggregates for Pavement
Works

Aggregate Property | T'est to be conducted
strength Crushing strength test
— _— — = - : - — . -
Hardniess Abrasion test
Impact value Impact test
Resistance nganst \\'cathcrmg Soundness Test

Shape of aggregate Shape test

Bitumen adhesion Bitumen Adhesion test

Specific gravily ‘ Specific gray ity test
—— —_—— ————————— =1 — - — - —

Water absorption . Water absorption test

I-Crushing Strength Test on Aggregatey
* Aggregate crushing value gives the Crushing strength of aggregate up to
which it can bear the load without fail,

* Toconduct Crushing strength test we need compression testing machine,
cyhndrical measyre, plunger and s sieves,

Procedus




i. First sicve the sample aggregate, aggregatta passing 12.5mm
sieve and retaining 10mm sieve is oven dried at 100-110°C g, 1

4 hrs.

ii. The cylinder is filled with aggregate in 3 layers, 25 strokes of
tampering for each later.

iii. Note down its weight and insert the plunger and placed it on
compression testing machine.

iv. Apply the load at uniform rate of 40 tonnes load in 10 minyteg

v. Then stop the machine and crushed aggregate is sieved through,
2.36mm sieve and aggregate passing 2.36mm sieve is weighed.

vi. Aggregate crushing value can be obtained from below formula:

Aggregate crushing value = (W2/W1) *100 %

-
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1. For this test, the sample taken should be clean and dried,

il. The sample is weighed W1 and placed in Los Angeles testing
machine and the machine is operated,

tii. Machine should be rotated at a speed of 20-33 revolutions per
minute.

iv. After 1000 revolutions the sample is taken out and sieved
through 1.7mm sieve.

v. Sample retained on 1.7mm is washed and dried and note
\down its weight W2,

Aggrégate abrasion value = {(W1-W2)/W2} x 100%

3.Impact Test on Aggregates

Impact value of aggregate will give aggregate capability against sudden loads or
forces.

It is conducted in Impact testing Machine.

Procedure

1. For this test also aggregate passing through 12.5mm and retained
on 10mm sieve is taken and oven dried.



ii. Fill the cylinder with aggregate in 3 layers, 25 strokes of '“mping
for cach layer. Weight w1l noted.

iii. The cylinder is placed in impact testing machine which congjg, A
hammer.

iv. After placing the cylinder, hammer is raised to 380mm and
release freely.

v. Then it will blow the aggregates. Repeat it for 15 such blows,

vi. After that take down the sample and aggregate passing through
2.36mm sicve is weighed as w2.

Aggregate impact value = (W2/W 1) *100 %

4.Soundness Test on Agcrgggtes

* Todetermine the weatherin

conducted. Soundness test is



IF the resistanee ngninst weathoring is good for npgrepate, then it will
have high durability,

Procedure

i For soundness test we need some chemical solutiony
numely sodinm sulphate or magnesium sulphate,

i, The sample ol aggregate passing through 10mm sieve
and retained on 300 micron sieve is taken.

i, Dry ond weigh the simple and immerse them in the
chemieal solution for about 18 hours.

v, After that, Take the sample and dried it in oven at 100 -
10, repeat this procedure 5 times for one sample, and

weigh the aggregate linally and note down the difference
in weight loss,

The weight loss should be below 12% if sodium sulphate
is used, below 18% i magnesium sulphate is used.
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Sha nAggreea

o Shape of aggregate is also i xmponam consideration for the construction of
pavement.



* Aggregate should not contain flaky and elongated particles in it.
* Ifthey contain this type of particles, they will affect the stability of mix.

* The percentage by weight of aggregates whose least dimension is less the
3/5th of its mean dimension is called as flakiness index.

* The percentage by weight of aggregate particles whose greatest
dimension is 1.8th times their mean dimension is called as elongation
index,

® In this test shape test gauges are taken and minimum of 200 pieces
containing sample is passed through respective gauges. Material retained
on Thickness gauge and material retained on length gauge is weighed 10

an accuracy of 0.1%.
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6.Bitu Adhesion test on egate

* Bitumen adhesion test will give the stripping of bitumen from the
aggregate,
| * Incase of bitumen pavement, the bitumen should be i pure contact with
| aggregate,
| e Toattain this aggregate should be clean and dry,




* To determine the stripping value of bitumen static immersion test is
conducted on aggregates,

* In this test the aggregates are coated with bitumen and dried.
* After drying they arc immersed in water at 40°c for about 24 hours.
e Stripping value of aggregate should not exceed 5%.
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7.Specific gravity test on Aggregates

Specific gravity of an aggregate is the ratio of its mass to that of an equal
volume of distilled water at specific temperature,

The specific gravity of aggregate is of two types.

i. Bulk specific gravity, in which total volume of aggregates along with
their void space is considered.

ii. Apparent specific gravity, in which the volume of aggregates without
considering void spaces is taken into account,

Bulk specific gravity G = {dry weight of aggregate/total volume of
aggregate}/ density of water

Apparent specific gravity G= {dry weight of aggregate/volume of aggregate
\ without void space}/ density of water
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8.Water absorption test on Aggregates

* This test helps to determine the water absorption value of aggregate,
* To perform this test minimum 2 kg sample should be used.

® The sample should be cleaned and dried. Place the sample in wire bagke
and dip the basket in distilled water bath.

* To release the air between aggregates just lift and dip the basket for about
25 times in 25 seconds.

e Leave the basket for 24 hours and after that allowed i to drain for few
minutes. Aggregates should be taken on dry cloth and exposed them to



atmosphere sunlight. After drying, weigh the a
the aggregate in oven at 100-110
weight the aggregate W2,

geregates W1, Then place
"¢ for 24 hrs, After oven drying again

Water absorption of ageregates = [(WI-WZ)/WZ} x 100%

wDeleterious Substances jn Aggregate
1.0Organic Impurities

« Organic impurities interfere with the hydration reaction

« Organic matter are mostly found in
products of decay of \egetable matter

\
« Organic matter may removed from sand by washing

sand and consists usually of

2.Clay and other Fine Materials

« Clay present on the surface of the ag
form interfere with the bond betwe
paste, adversely affecting the strength

gregate particles In the coating
€n aggregate and the cement
and durability of concrete .

« Other fine materials which may be present in a

ggregate are silt (2 to
60pm) and crusher dust.

« Sikand dust, owing to their fineness,
therefore increase the amount of wa
paticles in the mix

increase the surface area and
ter necessary to wet all the

« Inview of above, it Is necessary to control the a

mount of clay, silt and
fire dust in aggregate

3.Salts

« Sad from seashore or dredged from the sea or a r

Iver estuary, as well
asdesert sand contaln§ salt

\|



It .
» Coarse aggregate dredged from sea also contains sa

‘ sio
« Salts coming through aggregates cause reinforcement COrrosion ang
also absorb moisture from the air and cause efflorescence.

4.Unsound Particles

» Following are the two broad types of unsound particles found in
aggregates: '

1. Materials fail to maintain their integrity
2. Materials lead to disruptive expansion on freezing or even on exposure

fo water

* Unsound particles if present in large quantities (over 2 to 5% of the mass
| of the aggregate) these particles may adversely affect the strength of
] concrete and should certainly not be permitted in concrete which is
f exposed to abrasion
® Shale and other particles of low density are regarded as unsound
* Clay lumps, wood, and coal, included in aggregate, are also regarded as
unsound

*® Mica, gypsum, iron pyrites, etc. are also regarded as unsound. While mica
Is very effective in reducing strength (15% reduction in 28-d f, with 5%
mica), gypsum and iron pyrites are mainly responsible for expansion of
-concrete

# % Alkali- A ate Reacti

! Il *+ Reaction between alkali from cement and silica or carbonate from
l- | aggregate is called "alkali- aggregate reaction”

« The most common reaction is that between the active silica

} constituents of the aggregate ang that
alkalis i
1 | as “alkalissllica reaction” il cement, called
\




Another type of the alkali-aggregate reaction is that between dolomitic
limestone aaggregates, containing carbonate, and alkalis in cement,
called as "alkali-carbonate reaction”

Both types of the reactions cause deterioration of concrete, mainly

< AlkaliSilica Reaction

Following are the reactive forms of silica:

* Opal (amorphous, i.e. shapeless)

® Chalcedony (cryptocrystalline fibrous)

® Tridymite (crystalline)
Sources of the above forms of reactive silica include: opaline or
chalcedonic cherts, siliceous limestones, etc
Na0 and K.O are the alkalis in cement which form alkaline hydroxide in
pore water facilitating the alkali-silica reaction
As a result of alkali-silica reaction, an alkali-silicate gel Is formed either
in pores of aggregate or on the surface of the aggregate particles
The gel formation on the surface of aggregate particles destroys the
bond between the aggregate and cement paste.
The swelling nature of the gel exerts internal pressure and eventually
lead to expansion, cracking and disruption of the hydrated cement
paste
In order to control the alkali-silica reaction, standard ‘tests for
aggregate reactivity should be conducted on the aggregate samples



.'.’ } Y "
S G
crete)

(Form of ASR deterioration in con

% Alkali-Carbonate Reaction

+ The phenomenon of the alkali
of alkali-silica reaction

-carbonate reaction is different from that

In case of alkali-carbonate reaction also, gel is formed, which upon
swelling cause expansion of concrete

Gilh :s f?med :Tm:: the active aggregate particles, causing cracking
within rims and leads to a network of cracks and |

0SS
the aggregate and the cement paste Y
+ The deterioration caused by ACR is similar to that caused by ASR
+ However, ACR is relatively rare because aggregates suscepytible to this

phenomenon are less co
c mmon and are usually unsuitab in
ancrete for other reasons, le for use !



Grading of aggregates are determination of particle size distribution of aggregates. Grading of
aggregates is an impon(ant factor for concrete mix design, These affect th

e concrete strength as
\ :

well as durability, \

roper grading is important for co
grading limits of aggregates.

Grading Limit for Single Sized CoageAgm_rggates

(Based on Clause 4.1 and 4.2 of IS: 383- 1970)

ncrete construction. Following tables provides details for

Percentage passing for single sized aggregates of nominal size(mm)
IS Sieve
63 mm 40 mm 20 mm 16 mm 125 mm 10 mm
80 mm 100 - - - - -
63 mm 85~ 100 100 - - =~ -
40 mm 0-30 85-100 100 - - -
20 mm 0-5 0-20 85~100 100 - o
L ' '




= 100 -
v _ ¥ - 85-100
125 mm - - - - 85- 100 100
10 mm 0-5 0-5 0-20 0-30 0-45 BS—4
4.75 mm - - 0-5 0-5 0-10 0-20
2,36 mm - - - - - 05
\ \
Gradi its for A
(Based on Clause 4.3 of IS: 383 — 1970)
Percentage Passing
IS Sieve Designation
GM’"Q Gﬂdlng Gﬂdlﬂg Gradi
ng
Zone | Zone Il Zone |l Zono IV
10 mm 100 100 100 100
4.75 mm 80-100 80~ 100 80~ 100 95 - 100
2.36 mm 60 -
% 75100 85~ 100 95- 100
1,18 mm 0-70
Pl 75-100 90-100
\LJ_




Fineness modulus of coarse aggregates represents the average size of the
particles in the coarse aggregate by an index number. It is calculated by

performing sicve analysis with standard sieves.

600 microns 15-34 35-59 60-70 80— 100

300 microns 5-20 8-30 12~ 40 15~ 50

150 microns 0-10 0-10 0-10 0-15
\/Finen ss Modulus of Coarse Aggregates

and i ulatio

e The cumulative percentage retained on each sicve is added and subtracted
by 100 gives the value of fine aggregate. Higher the aggregate size higher

the Fineness modulus hence fineness modulus of coarse aggregate is

higher than fine aggregate.

"o (Coarse aggregate means the aggregate which is retained on 4.75mm sieve

when it is sieved through 4.75mm. To find fineness modulus of coarse

aggregate we need sieve sizes of 80mm, 40mm, 20mm, 10mm, 4.75mm,

236mm, 1.18mm, 0.6mm, 0.3mm and 0.15mm.

« Fineness modulus is the number at which the average size of particle is

known when we counted from lower order sieve size to higher order
sieve. So, in the calculation of coarse aggregate we need all sizes of
sicves.
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Determination of Fineness Modulus of Coarse Aggregates

To find fineness modulus we need to perform sieve analysis and for that above
mentioned sieve sizes, mechanical shaker and digital weigh scale are required.

Sample preparation

Take a sample of coarse ag
temperature of 100 - 110¢
gram,

gregate in pan and placed it in dry oven ata
C. After drying take the sample weight to nearest

Test Procedure for Fineness Modulus of Coarse Aggregates

1. Arrange the sieves in descending order angd put the arrangement on
mechanical shaker,

ili. After proper sieving, record the
and find out the cumulative weight of ret
cumulative % retained on cach sieve.

iv. Finally add all cumulative pere

"Nage values and div: s
100. Then we get the value of fineness nlodull:;(l divide the result with

ed on each sieve

ained particles gs well ag



Example for Fineness Modulus Calculation

Let us say dry weight of coarse aggregate = 5000g

Values after sieve analysis are

Sieve Weight Cumulative weight Cumulative %
size retained(g) retained (g) retained (g)
80mm 0 0 0

40mm 250 250 5

20mm | 1750 2000 40

10mm 1600 3600 72
| \




4.75mm | 1400 5000 100
236mm |0 5000 100
L18mm |0 5000 100
0.6mm |0 5000 100
0.3mm 0 5000 \ 100
0.I5mm |0 5000 100

— . 717
Therefore, fineness modulus of

coarse aggregates = sum (cumulatiy o
retained) / 100 = (717/100) = 7,17 \Comulative o
Fineness modulus of 7. 17 means, the averg

ge size of particle of given coarse
aggregate sample is in betweep 7+ and §» sieves, that i 1S bctwecngl Omm to
20mm,

0.U5mm 03mm 0 bmm LIfmm 2 36mm 47%mm
1 2 3 1 5 ¢

A7

Limits of Fineness Modulys

\



Fineness modulyg of

. “0arse agoresate varies from 5,5 ¢, 8.0. And li
aggregates or Combined 88regates finenegs modulus varies ﬁ'?)l.;l 3f°5r::>l 611;
Range of fineness Modulus for aggreg : B

g e ate of differen, i 2
aggregates is given below, TNl maximum sjzeq

Maximum size of coars aggregms -

Fineness modulus range
20mm \ 6.0-6.9
ey e
40mm 6.9-75
N
75mm 7.5-8.0
150mm 8.0-85

Fineness Modulus of Fine Aggregates and Calculations

* Fineness modulus of sand (fine aggr

€gate) is an index number which
represents the mean size of the particles in sand.

each sieve is added and subtracted
by 100 gives the value of fine aggregate,

» Fimeaggregate means the aggregate which passes through 4.75mm sieve,

* Tofind the fineness modulus of fine ageregate we need sjeve sizes of
45mm, 2.36mm, l.lSmm\, 0.6mm, 0.3mm and 0.15mm,



_ ss modulus of
* Fineness modulus of finer aggregate is lower than finene:

coarse aggregate.

Determination of Fineness Modulus of Sand

To determine the fineness modulus, we need standard sieves, mechanical sieve
shaker (optional), dry oven and digital weight scale,

Sample preparation

Take a sample of fine aggregate in

dry oven at 4
temperature of 100 — 1 10°C. Afier drying take the Sample and note down its
weight,

est Procedure — Finen Modulys o a

i. Take the sieves and arrange them ip dcsccnding order with the largest
sieve on top, :

and shaking of s
. cvc
5 minutes, ‘ s shou



V. After some time shake the 3

and 4" sjeyes and finally Jast sieves,

Calculation of fineness modulus of Sand

Let us saythe dry weight of sample = 1000gm

After sieve analysis the values appeared are tabulated beloyy.

Sieve
Size

Weight
retained (g)

Cumulative weight

Cumulatiye pereentage
retained(g)

weight Retained (%)




0
4.75mm |0 0

236mm | 100 100 19
L.18mm | 250 350 35
0.6mm | 350 700 70
03mm | 200 900 90
0.15mm | 100 1000 100
Total 275
Therefore, fineness modulus of

(275/100) = 2.75

Limits of Fineness Modulug

aggregate = (cumulatiye

% retained) / 100 —




Fineness moduly
having fineness ;:g f;ne Aggregate varies from 2.0 to 3.5mm. Fine aggregate
T ulus more than 3.2 should not considered as fine aggregate
meness modulus for different sands are detailed below

Type of sand Fineness modulus range

Fine sand 2296

Medium sand 26-29

\
Coarse sand 29-32

Fineness modulus limits for various zones of sand according to IS 383-1970

are tabulated below.

Sieve size Zone-1 Zone-2 Zone-3 Zone-4
10mm 100 100 100 100
4.75mm 90-100 90-100 90-100 95-100
2.36mm 60-95 75-100 85-100 95-100
1.18mm 30-70 55-90 75-100 90-100
\




0.6mm

-100 >
15-34 35-59 60-79 80-100
o 15-50
0.3mm 5-20 8-30 12-40
-—
0-15
0. 15mm 0-10 0-10 0-10
Fineness modulus 4.0-2.71 3.37-2.1 2.78-1.71 2.25-1.35
\ \

.ooooo.-ooov.oot-nooo0000.oo-uoc..o...g...,.......
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CH-5

RTIES SH CONCRETE

* The term fresh concrete means the wet mix of concrete ingredients before
they begin to set.

* Fresh Concrete can be easily molded into any designed shape in
construction,

* The potential strength and durability of concrete of a given mix
proportion is very dependent on the degree of its compaction,

* [t controls the long term behavior, Ec (elastic modulus), creep, and

durability.

Below are the properties of fresh concrete:-

1.

Workability
It is the ease with which freshly prepared concrete can be transported
and placed for the job and compacted to a dense mass.

Setting
When concrete changes its state from fresh tc hardened then this process

is called setting.

. Segregation

The separation of concrete ingredients from each other is known as
segregation,

Plastic Shrinkage
This is the shrinkage that the fresh concrete undergoes till it sets
completely. It may be also called initial shrinkage.

Thermal Shrinkage
This may be due to falling in temperature of concrete-mix from the time

it laid to the the time it sets completely,

Thermal Expansion

In massive concrete works, when the upper layers are laid before the
lower layers have completely set, there may arise a phenomenon of
thermal expansions — in the lower layers.



R
b FRaNE

7. Water Cement Ratio
The comprehensive strength decreases, in general, with increasing water
cement ratio and viee yersg

5.1 Introduction

Workability

The strength of conerete of a given mix proportons is veryseriously
affected by the tegree of itcompaction;

itisvital, thi |llccomis(cncy(nbililyloﬂow) ofthe mix be such that, the
concrete canbe transported, placedand fmished sufficiently casilyand
withoutsegregation,

'I‘hceusewi(lnwhicllconcrctcmlxcscnnln:compaclcdus
complctcly.nsposslblmllllmsiug(lwlowcsqwssiblc waterfcement
ratio,

Slmuldbcobiaincdbythcwscof awell-gradedaggregate which hasthe

largest maximum particlsizgpossible,

Theuseofsmoothand rou ded, ratherthan irregularly shaped
aggmgatcalsoincrcascwomabiIity.

Aircentraining admixtures improve the workability of mixes butcauses
alossofstrengthuptoabout | Spercent.

Factory affecsikghility

> Watercontcntonhemix:Addingwatcn‘ncrcascs workabilityand
decreases strength,

> Ma‘xim umizeoﬁ:ggrcgntc:l.cssmrﬁlccurcambc wettedand more
waterinmedium,

> Gradingofnggrcgalc:Poorgrndingmduccsthc
consistency,




»Shapendiexturmbiggregates:Smoothsurfacesgive better workability.

Measurement ofVorkability

L Stump Test: Gives goodresults forrichmixes,

1L CompactingFactorTest.Usedforlowworkableconcretes.

1L FlowTableTest:Used forhighworkableconcretes.

V. VeBeTest: Used forlow workableconeretes( fiberreinforced concrete).

SLUMP TEST

Thisisa test usedextensively in sitework all over the world. Very

useful in detecting variations inthamiformitefi mix of given nominal
proportions.

Ricmixes behave satisfactorily theislump beingsensitiverovariationm
workability,

Up to 125 mm (Sin.)

| =

25-50 mm (1-2 in.)
Up te 150 mm (Hin.)

150250 mm
(6-11in.}




COMPACTING FACTOREST

The degree oEummctionJ:nllod compacting fctorimeasured b;!hu!cnsity
o} ¢, !hcrmionhdcnsily'faclunll)\chicvcih the testrehe densityof theame
conerete fullycompactcd.

Testsmorg sensitive alhdowworkability.




FLOWTEST

Measures the diameter of spread after vibration.

Starttime after removing cone and stop counter once the transparent ridericoveredwith
pastcRecordn seconds ThissVeBaime,

Trampazent nder




rements of Workability:

* Setting time depends on the
etc., used in concrete-mi

For Increasing o
Setting time Admixturesis used,



o The setting time for Portland cement is about 30 — 45
minutes.

3.Segregation.The separation of concrete ingredients from each
other is known as segregation, This can be caused due to

excessive vibration in concrete mixer machine or falling
concrete from more than I-meter height.

4.Plastic Shrinkage:

This is the shrinkage that the fresh concrete undergoes untill it
sets completely. It may also be called initial shrinkage.

This can be due to excessive loss of water from the concrete due
to evaporation, bleeding, and soaking by formwork.

Excessive shrinkage at initial stages may deveiop cracks.
Therefore, all precautions should be taken 10 avoid excessive

loss of water.

5.Thermal Shrinkage:

This may be due to falling in temperature of concrete-mix from
the time it laid to the time it sets completely,

Due to change in temperature, some shrinkage may be expected.
Sometimes, |t may be negligible on its own account.

6.Thermal Ex ansion:

In massive concrete works, when the upper layers are laid
before the lower layers haye completely set, there may arise a
phenomenon of thermal expansions - in the lower layers.



This is because the heat of hydration gets accumulated in those
layers and Mmay attain magnitudes beyond acceptable limits.

7. Water Cement Ratio:

The compressive strength decreases, in general, with
increasing water cement ratio and vice versa,

Hence, when minimum water is used just to ensure complete
hydration of the ceément, the resulting concrete will give
maximum compressive strength on proper compaction,

CH-6
PROPERTIES OF HARDENED CONCRETE

* Hardened concrete is a concrete which must be strong enough to withstand
the structural and service loads which will be applied to it and must be
durable enough to the environmental exposure for which it is designed.

It will be the strongest and durable building material.

* Fully cured, hardened concrete must be strong enough to withstand the
structural and service loads which will be applied to it and must be durable
enough to withstand the environmental exposure for which it is designed.

* If concrete is made with high-quality materials and is properly proportioned,
mixed, handled, placed and finished, it will be the strongest and durable
building material,

Below are the properties of hardened concrete:-

I. Strength
2. Creep



o Dwadility

4. Shvinkape

5. Modulus of Elnsticity
o, Water Tighiness

1. Strength:

Whent we veter to conerete strength, we generally talk about compressive strength
ol conerete, Beenuse, conerele is strong in compression but relatively weak

in tension andbending. Conerele compressive strength is measured in pounds per
square inch (psi). Compressive strength mostly depends upon amount and type of
cement used in conercte mix. 1t is also affected by the water-cement ratio, mixing
method, placing and curing,

Conerete tensile strength ranges from 7% to 12% of compressive strength. Both
tensile strength and bending strength con be increased by adding reinforcement.

' g B | |
. 100% /_‘
U5 // {
8 . /
S 50%
2 /4 .
/ | |
37 14 284
Strength gaining of concrete
-.égé with age (day)

2.Creep:

Deformation of conerele structure under sustained load is defined as concrete
creep. Long term pressure or stress on conerete can make it change shape. This
deformation usually occurs in the direction the foree is applied.

3.Durability:



U SO vy performance
Durability might be defined as the ability to maintain h.lllbﬁlcl(;l )l'l ::;E:‘ﬁ’)\‘ g Ty
over and extended service life. The design service life of mosl‘ )tl g i?;lings o
years, although buildings ofien last 50 o 100 years. Mosl concrele
demolished due to obsolescence rather than dctcnomt.u'm. '
Different coneretes require different degrees of durnbll}ty dcpcn(lmg on.tlu.: ‘
exposure environment and properties desired. Appropnqtc conerete mgl'tfdlcm.s.
mix proportions, finishes and curing practices can be adjusted on the basis of
required durability of concrete,

4. SQn'nkgge;

Shrinkage is the volume decrease of conerete caused by drying and chemical

changes. In another word, the reduction of volume for the sctting and hardening of
concrete is defined as shrinkage,

. - -
Il 5 ey ' "\
o= -’ AL

e el T LR T 50 S N e
P S A R e GERng
Crack m concrelke

due to shrinkage

Asnzgi “Iviie alneer. e

Modulus of lasticity:

The modulus of Elasticity of concrote depends on the Modulus of Elasticity OF the
concr'el'c Ingredients and their mixX proportions, As per ACI code, the modulus of

E.= 330, Nf, i)
Where, w, = upi weight of conerele, "2
=28 days compressive strengily ol conerete
For normal weight conerete (90 ™43 to 160 ",3 ). we assume that formula



E, = 57000Nf,

6. Waler tightness:

Another property of concrete is water tightness. Sometime, it's called

impermeability of conerete. Water tightness of concrete is dircetly related to the
durability of concrete. The lesser the penmeability, the more the durability of
concrete. Now the question is, what is the permeability of conerete?

In simple word, the capability of penetrating outer media into concrete is the
permeability of concrete. Quter media means water, chemicals, sulphates, ele.
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CEMENT CONCRETE
MIX DESIGN



Methods of Concrete Mix Design

¢ |.S. Method
* British Method
* A.C.I. Method etc.



-—

B These Methods are based on two
basic assumptions

% Compressive Strength of

Concrete is governed by its
Water-Cement Ratio

® Workability of Concrete is
governed by its Water Content



® Data required for concrete mix

S —

design
1. Grade of Concrete
Eg: RCC-M30-A20
' Slump required in mm
Eg: 25-75mm
3. Degree of Site Control
Eg: Good
4, Type of Exposure
Eg: Moderate
9 Grade of Cement

Eg: OPC 43 Grade



Workability

o/

(Clause 7.1,15:456-2000)

Placing Conditions

Blinding Concrete;
Shallow Sections;
Pavements using pavers

Mass Concrete;

Lightly reinforced sections in Slabs,
Beams, Walls, Columns; Floors;
Hand placed Pavements;

Canal lining; Strip Footings

Heavily reinforced sections in Slabs,
Beams, Walls, Columns;
Slip form work; Pumped Concrete. v

Trench fill; In-Situ Piling; Tremie
Concrete

Degree of Workability
2

Very Low

Low

Medium

High

Slump
(mm)
3

See 7.1.1

25-75

50-100

100-150



Good

Fair

Degree of Site Control
(Table 8,15:456-2000)

Site control having proper storage of
cement;

weigh batching of all materials;
Controlled addition of water,

regular checking of all materials,
aggregate grading
content;

And periodical checking
workability and strength.

Site control having deviation from the
above.

and moisture

of



@ Approximate Quantity of Materials
required for concrete mix design

; Cement : 200 Kg.

2 Fine Aggregate : 240 Kg.

3. Coarse Aggregate : 180 Kg. (20 mm)
180 Kg. (10 mm)

10



i)

iv)

v)

Type of Exposure (Table 3, IS:4,66=2000}

Environment

2

Mild

Moderate

Severe

Very Severe

Extreme

Exposure Conditions

3

Concrete surfaces protected
against weather or aggressive conditions,
except those situated in coastal area.

Concrete surfaces sheltered from severe rain or freezing
whilst wet,

Concrete exposed to condensation and rain.

Concrete continuously under water.

Concrete in contact or buried under non-aggressive

soil/ground water.
Concrete surfaces sheltered from saturated salt air in

coastal area.
Concrete surfaces exposed to severe rain, alternate
wetting and drying or occasional freezing whilst wet or

severe condensation.
Concrete completely immersed in sea water,
Concrete exposed to coastal environment.,

Concrete exposed to sea water spray, corrosive fumes or
severe freezing conditions whilst wet.
Concrete in contact with or buried under aggressive

sub-soil/ground water.

Surface of members in tidal zone.

Members in direct contact with liquid/solid aggressive 9
chemicals.



Il. FINE AGGREGATE

1. Sieve Analysis

(% by weight)

\
g
v

Specifications for Zone-II

Sieve Size % Passing
As per IS:383-1970
10.0 mm 100 100
4.75 mm 100 90-100
2.36 mm 98 75-100
1.18 mm 65 55-90
600 micron 42 35-59
300 micron 8 8-30
150 micron 0 0-10
2. Specific Gravity 2.60
3. Unit Weight in Kg/Cu.m
a) Loose 1460
b) Rodded 1580
Materials Finer than 75 micron : 1.00

3 Max
12



S INV DINC JESIGN_

v Step I:~ Determine the physical properties of
concrete ingredients.

I. CEMENT (OPC 43 Grade)

S, Particulars of Test Result Specifications
No. As per 1S:8112-1976
1 Standard consistency 25.6

(% by weight)

2 Setting Time in minutes
a) Initial 95 30 Minimum
b) Final 210 600 Maximum

3 Compressive Strength in
N/sq.mm at the age of

a) 3 days 24 23 Minimum

b) 7 days 35 332 Minimum

c) 28 days 46 43 Minimum
4 Specific Gravity 3.00

5 Fineness in Sq.m/Kg 337 225 Minimum

1"



IV. MECHANICAL PROPERTIES

Sl Particulars of Test Result
No.
1 Crushing Value in % 28
2 Impact Value in % 24
3 Los Angeles Abrasion 30
Value in %

Specifications
As per IS; 383-1970

30 Maximum-
For wearing surfaces
45 Maximum.
For other concrete
30 Maximum
For wearing surfaces
45 Maximum
For other concrete
30 Maximum
For wearing surfaces
50 Maximum
For other concrete

14



. 20.0mm COARSE AGGREGATE

I.  Sieve Analysis

Sieve Size % Passing Specifications
As per IS5:383-1970
Graded Single Sized
40.00mm 100 100 100
20.00mm 90 95-100 85-100
10.00mm 3 25-55 0-20
4.75mm 0 0-10 0-5
2. Specific Gravity i 2.65

3. Unit Weight in Kg/Cu.m
a) Loose L 1467
b) Rodded . 1633



VI. BLENDING OF COARSE AGGREGATE:

e -

.\\ o
—\{0 Pass"]g f?) " J’\
, gf

Sieve  1S:383-1970 &
size Speclﬁcauons D, - i ,"'

mm) Graded AV X ;{,’55 ¢
: OrdeD ) (10 o 60%40% 50%+soo/.

40 100 100 100 100 100
20 95-100 %0 100 94 95
10 2535 3 85 40 44

435 0-10 0 19 7 10



V. 10.0mm COARSE AGGREGATE
1. Sieve Analysis

Sieve Size Y% Passing Specifications
As per IS:383-1970

Graded Single Sized
12.50mm 100 - 100
10.00mm 85 - 85-100
4.75mm 19 - 0-20
2.36mm 0 - 0-5

2. Unit Weight in Kg/Cu.m
a) Loose : 1427
b) Rodded 1587




Values of t

Accepted proportion
of low results

lin5, 20% 0.84
1in 10, 10% 1.28
linl15, 6.7% 1.50
11n20, 5% 1.65+
lin 40, 2.5% 1.86

11n 100, 1% 2.33



v Steplli- Compute Target Mean Compressive Strength:

Fa = f,+t*S
F.. - Target Mean Compressive Strength at 28 days in
N/Sq.mm
i = Characteristic Compressive Strength at 28 days in
N/Sq.mm
S - Standard Deviation in N/Sgq.mm
t = A Statistic, depending on accepeted proportion of

low results.

1.65 for 1 in 20 accepted proportion of low
results

17



v Step lll:- Select the Water-Cement ratio of trial mix from

experience
S. Concrete

No. Grade
1 M10
2 Mi5
3 M20
4 M25
5 M30
6 M35
7 M40
8 M45

Minimum expected W/C

0.9
0.7
0.55
0.50
0.45
0.40
0.35

0.30

NY



Assumed Standard Deviation
(Table 8, 1S:456-2000)

Assumed Standard Deviation

Grade of (N/Sq.mm)
Concrele
Good Site Control Fair Site Control
M10, M15 3.5 4.5
M20, M25 4.0 5.0
M30, M35
M,40,M45 5.0 6.0

M50

19




Approximate water content (Kg)
per cubic metre of concrete
(Table 32, SP:23-1982)

Maximum Size of

Aggregate
Shump (mm)
(mm)
10 200 40

30-50 . 205 {185/ 160
80-100 225 200 175
150-180 240 210 185



Step IV:-Select the water content per cubic metre of

concrete from table2 of 1.S: 10262-2009.

Water Content per

Maximum size of A
cubic metre of

Ag(gr:;elg?te concrete
(Kg)
10 208
20 i86

40 165

21
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Volume of Coarse Aggregate per
Unit Volume of Total Aggregate
(Table 3, 1S:10262-2009)

Volume of Coarse Aggregate per Unit
Maximum Volume of Total Aggregate

Size of Zone IV Zonelll Zonell Zonel
Aggregate
(mm)

10 0.50 048 046 044
20/  0.66 0.64 062 060
40 0.75 073 071 0.9

23



Step VI:- Then we find the quantities of Fine & Coarse
aggregate by absolute volume method.
V = (W+C/S_+{1/p) * (falS..)) * (1/1000) - (Eq.1)
and '
V = (W+C/S_+(1/(1-p)) * (calS.)) * (1/1000) - (Eq.2)

Where

V = Absolute volume of fresh concrete = 1 m?
W = Mass of Water (Kg) per m?of concrete
C = Mass of Cement (Kg) per m® of
concrete
p = Percentage of fine aggregate.
fa = Mass of fine aggregate
ca = Mass of coarse aggregate
S. = Specific gravity of cement.
S,, = Specific gravity of fine aggregate.

S., = Specific gravity of coarse aggregate.

26



Step V:- Compute the quantity of cement as follows.

Water
Cement = ~~renemmmnnn

WI/C Ratio

=185/ 0.45 = 411 Kg.

25



Substituting the values in Eq(2), we get
1000 = 185 + 411/3.0 + (1/0.64) * ca /2.69)
= 185 + 137 + ca/1.696
= 322 + ca/1.696
ca = (1000-322)" 1.696
=678 * 1.696
='1150 Kg:




Substituting the values in Eq(1), we get
1000 = 185 + 411/3.0 + (1/0.36) * fa /2.6)
= 185 + 137 + fa/0.936
= 322 + fa/0.936
fa  =(1000 - 322) * 0.936
=678 * 0.936
= 635 Kag.




~I

Step VIl:- Make slumg trials to find out the actual weight of water
to get required slump. Make corrections to the water
content & %FA, if required.

v

Step VIil:- Compute 2 more trial mixes with WI/C ratios as 0.40 &
0.50, taking %FA as 34% and, 38% respectively.

o | “3,5,9_3‘&’"~<
sitv-l 5 wa!‘f?‘; p‘ cm-,-(-!-c_ edonts
s..h-p-_.t Con-,:u-‘e '4.am1c§- vedan _:; ctTlh F;IC- I«c“l‘t's
Srp-% W/C. Nated Or deeial mix
Sdep -4 ook comtesl  Frua cteble. as per am'rvaée Acme

Shep = Satands o = Stept
. r Cjatan .—B l‘r Lo j;%—-
Stepog GQuaeddy of FR R CR

Slep- § Chamge v valoe , ceorrection o 5 FA wakes coardenk-
shep -5 2 meve dwdal B iy S ED =04 e aabts g,q,
S = 0.3 = R
Step -9 = cubes 'r& cach Aolad s 2 5y
Siep- © Ce m]?"‘ssv'v& = h dest at dioas

.'Hq: - S.varh Elyen Ve cement-water walio
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So the mix proportion works out to be
W:C:fa:ca

=185:411:635: 1150

= 045:1:1.55:2.80

This mix will be considered as Trial Mix No.2

29



Trial Mix No. 3:-

Cement =185/ 0.5 = 370 Kg.
Substituting the values in Eq(1), we get
1000 = 185 + 370/3.0 + (1/0.38) * fa /2.6)
fa =683Kag.

Substituting the values in Eq(2), we get
1000 = 185 + 370/3.0 + (1/0.62) * ca /2.65)
ca =1136Kg.

So the mix proportion works out to be
W:C:fa:ca

=185:370:683:1136

= 0.8:21 £1.85% 3.07



Trial Mix No. 1:-
Cement = 185/ 0.4 = 462.5 Kg.
Substituting the values in Eq(1), we get
1000 = 185 + 462.5/3.0 + (1/0.34) * fa /2.6)
fa =584 Kg.
Substituting the values in Eq(2), we get
1000 = 185 + 462.5/3.0 + (1/0.66) * ca /2.65)
ca =1156 Kg.
So the mix proportion works out to be
W):©C):fa:ca,
=185 :462.5:584 : 1156
‘= 04:1:1.26:2.50

]

in“:



28 Days Compressive Strengths of Trial Mixes

W€ Cwrato  Stength
(Kg/Cm?)
0.40 2.50 457
< 0.45 2.22 420
0.50 2.00 360

34



v Step IX:- Cast atleast 3 cubes for each trial mix.

v Step X:- Test the cubes for compressive strength at 28 days.
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