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1.0 Conecrete as a construction material;

= Concrete is one of the most commonly used building materials.
«  Concrete is o mixture of portland cement, waler, sggregates, and in some cases, admixheres.
# Concrete is a versatile material that can easily be mixed to meet a variety of special needs and formed to virually

any shape.

L Grades of concrcie,

Grades of concrete are defined by the strength and compositien of the concrete, and the minimum strength the
concrete should have following 28 days of initia construction. The grade of concrete is uiderstood in measuremeits
of MPa, where M stands for mix and the MPa dinotas the overall strangth.
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1.2 ddvantages and disadvantages of concrete.
Advealages: i

= Itls & relatvely chaap material and has a relatively long life with few malntenancerequiremsents.
= [ Is strang in comprassion.

® Before L hardens it is a very pliable substance thal can easily be shapad.

= [tis ron-combastibbe.

Dhszadvantages:

* Redpfively lew tensile stranglh when compared to other building materiales,
o Lew ductability.

= Low strenglh-to-welght ralio.

= |t Is suscaptivle to crecking.



2.0 Cement:

2.1 Compeosition, hydration of cement, water cement ratio and compressive strength, types of cement,
, fineness of cement, settin g, soundness

Checking of materials is an essential part of civil engineering as the life of structure |s dependent on the quality of
material used.Fallowing are the tests to be conducted to judge the quality of cement,

1. Fineness

2. Soundness

3. Consiwiency

4_ |nitial And Finzl Setting Time OF Cement

FIMERM

o we need to determine the fineness of cement by dry sieving as per 15; 4031 (Part 1) = 1996.The principle of this is that we
determine the propoertion of cement whose grain size is larger then specified mesh slze.

The apparatus used are 90um |5 Sieve, Balance capable of weighing 10g to the nearest 10mg, & nylon or pure bristie brusi,
preferably with 25 to 40mm, bristle, for cleaning the slewve,

Slave shown in ple below is not the actual 20Pm salve.its just for referente,

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

il Agitate the steve by swirling, planetary and linear movements, untll no more fine materkal F'“*chrm'mh"'

Til) Weigh the resldue and express its mass as a percentage A,of the quantity first placed on the sieve to the nearest 03 PRt
il Gantly brush all the fine material off the base af the sieve,

¥) Repeat the whale procedure using a fresh 10g sample to obtaln £ Then calculate & as the mean of A1 and R2 as a percentage,

EXprassed 1o the nearest 0.1 percent. When the results differ by more than 1 percent absolute, carry out a third sieving e
calculate the mean of the three valyes,

Reporting of Results



Water Cement #?nt.r'u "
# Water Cement Ratio means the ratio between the weight of water to the
weight of cement used in concrete mix.
# Normally water cement ratio|falls under 0.4 to 0.6 as per IS Code 10262
2009) for ndminal mix {M10, M15 ..., M25)
> Ei]l-'rﬂ algknﬂwngrmt water cement ratio will directly affect the strcng"th of
concrete, Eitler it increases the stren gth if used in correct proportion or
decrease it. ﬂ
1 !
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 an 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 = W/C Ratio X Cement \Volume

* Therefore, F{gquired amount of water = 0.5 X 50 kg = 25 litres / 50 kg
cement bag: .

Workability

< Workability &naans the abi!ify_uf concrete to han dle, tra nsport and

placing without any segregation. The concrete said tg
can be easily handled, placed and transported without
segregationiwhile placing it in sjte.

1
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Testing of Cement

& Open the bag and take a good look at the cemant, then it should not contain any visiske
lumps.
Colour of cement should bo greenish groy.

Shaould gat cool feeling when thrusied,
When we louch the cament, it should give a smooth &nat & gritty feeling.

When wa throw the cement on a bucket full of waler batong It sinks he particles should flow,

When we make a sUff paste of cement & cut it with sharp edges & kepton a glass plate
under walar thers wonl be any disturbancs to he shapet should gat strenglh after 24hours.

E T B I ™

2 Laboratory Testing

Finemass tast

Standard consistency lest
EBeling Ume test
Sirength tes

Soundness lasl
Heat of hydration tast

& Chemical comgosition fest
The fineness of cement has an important bearing on the rate of hydration, rate of gain of

strength, evolution of heal.

Finer cament offars greater surface area. : _ -
Dizadvantage of fine grinding is thal it is susceplible to air sl & early delerioration.

Maximiem no. of pariides in & sample of cemant<100micrans.
The smallest particle should have a .size_lf 1, 5micrans.
Large particle should have a size of 10microns.
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\/(.éUE TEST

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

This weight shall not exceed 10% for ordinary cement,

&
i
&
4 Sieve test s rarely used.

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

2.5TANDARD PERMEABILITY TEST

+ Principle of air permeability method is in obsarvin
of air to flow through

ki compacied cement bed af

Cement required to make » cement bed

Pass on the air slowly at constant v

*  Adjust the rate of ajr flow until the
alom,

g the time laken for a fixed quantity
specilied dimension and porosity,

» ¥

of porosity 0,475 is calculated,
elocity,

owmetar shows a difference in level of 30-
ggl.nmaﬁun for constant h/he. specified air flow,
.4
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Vicat Apparatus

Used to find out the percentage of water required to produce a csment paste of standard
consistency. This is also called normal consistency (CPNC).
For first trial, take about 500gms of cement & walef af rie.
Fill it in Vical's mould with in 3-5min.
After filling, shake the mould to expel air.
A standard plunger, 10 mm diameter, 50 mm lang is attached and brought down to touch the
suriace of the paste and quickly released.
Note the reading according o depth of penetration of the plunger.
Conduct trials continuously by taking different water cament ratios tll the plunger
penetratas fora depth of 33-35mm from
This particular percentage i3 known as percentage of water required to produce cement
paste of standard consistency. This is usually denated as P
SUITABLE GONDITIONS:
+ Conducted in a constant temperaiure of 279£2°C.
+ Constant Humidity 80%.

TEST

heen made for the setling time of cement a5
Initial setting fime

2. Final setting time.
3.
-

INITIAL SETTING TIME
The time elapsed between the moment that the water is added to the cement, to the time
that the paste starts losing its plasticity.

Normally a minimurm of 30min has maintained for mixing & handling operations.

it shoudd not be less than 20min.

FINAL SETTING TIME

+ The time elapsed between the moment the water is added to the .
- : camant, and the time
when the paste has completely lost its plasticity and i
rasis! certain definile pressure. ty has attained sufficient firmness to
& |t should nol exceed 10hours. So that it s aveld
from extamnal activities. ed from least vulnerable to damages

PROCEDURE:
Vicat apparatus is used for finding the setting time

Take 500gms of cement and add about 0.85p
The pasta should be filed within 3-5 minules
initial and final selting time is noled. '

STRENG T



+  Thizg i the most important of ali properies af hardened cement.

* & Due o excessive shrinkage and cracking the sirength tesis are not made on neal cament
paste.

& Slandard sand is used for finding the strength of cemant.

4 Take sand and cement (i.e., 1:3 ralia of cement and sand) Mix ther for 1min, then add water
of quandiby(PAd )+ 3,0%,

*  Mix three ingredients tharoughly until the miture is of uniform colowr,

& The tima of mixing should nol be<3min and =4min, Than the mortar is filed info & cube
mould of 7.086cm. Compact the moriar,

#  Keep the compactad cube in the mowld &t a temperalurs of 27°C + 2°0 and al least 90 par
cant relative humbdity for 24 hours,

# After 24hours the cubes are remaved & Immersed in clean freesh waber until taken for testing.

SMHMEE TEST

& It very important that the cement after seiting shall not undergn any appreciable change of
viiume,

+ This test is 1o ensure that the cement does nol show any subsaquent expansions, The
unsoundness in cement is dua to the presence of excess of lime combined with acidic axide
at the kiln,

4 This is dus to high proportion of magnesia & calcium sulphata,

& Therefore magnesia content in cement is fimited to 6%,

: 1o
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aggregates

Aggregate is derived from naturally occurring rocks by blasting or

crushing etc.

Aggregates are the important constituents of the concrete which give body
to the concrete and also reduce shrinkage.
Aggregates occupy 70 to 80 % of total volume of concrete.

Classification of Aggregates

o

Aggregates are classified into following types:

b

s Classification based on Shape
» Classification based on Size

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

1. Rounded aggregates
2 Irregular or partly rounded aggregates
3. Angular aggregates
i,
5
6

Flaky aggregates

. Elongated aggregates
. Flaky and elongated aggregates

1.Rounded Agaregate

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

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

They require lesser amount of water-cement ratio,

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



2.Irreqular Ag g_! regates

e The frre'gu]ﬂ‘;" or partly rounded aggregates are partly shaped by attrition
and these are available in the form of pit sands and gravel.
e [rregular aggregates may result 35- 37% of voids.

o 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. ——
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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.

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

4.Flaky Aggregates

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

Or

2

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




2,E longated Aggrggata&

* When the length of agpregate jg larger than the other two dimensiong they
it 15 called elongated 4 EZgregate |

or

The lengh,

nf‘aggrngam 1S preater than 1809 of its mean dimﬂnsi{m.




Fine Aggregate

« When the aggregate is sieved throy

through it called as fine aggregate,

» Natural sand is generally used as fi
come under this category,

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

* The purpose of the fine agpregate
aggregate and to act

is to fill the voids in the coarse
a5 a workability agent.

Fine agﬂl‘ﬂgﬂf\h 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

gh 4.75mm sieve, the ageregate passed

nE aggregate, silt and clay are also




rse resate

When the aggregate is sieved through 4.75mm sieve, the aggregate
retained is called coarse aggre gate,

Gravel, cobble and boulders come under this category,

The maximum size aggregate used may be dependent upon some
conditions.

In general, 40mm size aggregate used for normal strengths and 20mm size
is used for high strength concrete,

* The size range of various coarse aggregates given below.

—

Coarse aggregate Size

Medivm gravel oty

e — |

\



Caobbles

64mm — 256mm

Boulders =2 36mm

“Characteristics of aggregate

® Aggregates are used in cong
concrete. Aggrepates act
and water,

Fete to provide economy in the coat of
as filler only. These do not react with cement

¥ But there are properties or

characteristics of aggregate which influence
the properties of resylti ng

concrete mix. These are ag 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
1. Deleterious Materia]

12. Crushing Valye ufﬁggregatt
13. Impact Value of Apgregate
4. Abrasion Value of A Egregate

1. COMPOSITION

Aggregates consisting of materials that can react

cause excessive eXpansion, cracking and deteriorati
never be used, Therefore it ; '

e = e



* The size and shape of the aggregate part icles greatly i"ﬂ;-t[_m”':]hﬂ
quantity of cement required in concrete mix and hence ultimately

economy of concrete.

* For the preparation of economical concrete mix on should use largest
coarse aggregates feasible for the structure.

* 15-456 suggests following recommendation to decide the maximum sj,
of coarse aggregate to be used in P.C.C & R.C.C mix.

* Maximum size of aggregate should be less than

I One-fourth of the minimum dimension of the
concrete member,

ii. One-fifth of the minimum dimension of the

“  reinforced concrete member, '

iii. The minimum clear spacing between reinforced barg
or 3 mm less than the minimum cover between the
reinforced bars and form, whichever js smaller for
heavily reinforced concrete members such as the rips
of the main bars.

N aggregate parti
surface porosity of the aggregate particles,

* Ifthe surface is rough but POrous, maximum b
porous surface aggregates, the hond strength in
cement paste in the pores,

4. SPECIFIC GRAVITY

nd strength develops, In
Creases due tg setting of

temperature of 100710 110°C, 19 fhe weight of
; Ty 1

| displaced by saturated dry surfnce apsregate g E"E{L y‘-::ﬂun?._ c:t_' Witer .

i of aggregates, A5 specifie gravity
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* Specific gravity is a mean to decide the suitability of the aggregate.

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

ii. 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
L

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.

% i. Degree of compaction
. Grading of aggregates
iii. 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

difference between the weight of
very dry aggregates and the weight of th

e saturated aggrepates 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) Dry aggregate (contain some moisture in its pores)
4

i



n Satrated surfice dry aggregate (pores completely filled with moisture by

no moisture on surfaee) . s ;s
4 Moist or wet aggregates (pores are filled with moisture and also having

muoisture on surloce)

8. BULKING OF SAND

* Itcan be defined as in increase in the bulk volume of the quantity of sangd
(i.e. 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 whep
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.

2. FINENESS MODULUS

* Fineness modulus is an empirical factar obtained by ad ding the

cumulative percentages of aggrepate retained on each of the standard
sieves ranging from 80 mm to 150 micron and dividing this sym by 100,

* More fineness modulus valye indicates thay the a
small value of fineness modulus ind; cates that th

10. SPECIFIC SURFACE OF AGGREGATE

EEregate is coarser and
€agaregate is finer.

* The surface area per unit w

eight of ¢y il i -
Sililie. © Maleria| 5 termeqd as specific

* This is an indirect measure of the aperepate eradin
L} E-

s
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» Specific surface increases with the reduction

in the size of aggregate
particle.

¢ The specific surface area of the fi
that of coarse aggrepate.

_11. DELETERIOUS MATERIALS

ne aggregate is very much more than

» Aggregates should not contain any harmful material

as to affect the strength and durability of the concret
materials are called deleterious materials,

in such a quantity so
e. Such harmful

* Deleterious materials may cause one of the following effects

L. To interfere hydration of cement

ii. T::r-Ereer:nt development of proper bond .
iii. To reduce strength and durability

iv. To modify setting times

* Deleterious materials generally found in apgregates, may be grouped as
under

a. Organic impurities
b. Clay, silt & dust
c. Salt contamination

12. CRUSHING VALUE

* Theaggregates crushing value

Bives a relative measure of resistance of an
ageregate to crushing under g

radually applied compressive load.

* Theaggregate crushing strength value is a useful factor to know the
belmvior of agpregates when subjected to compressive loads,
13. IMPACT VALUE
o Thesgeregate impact valye gives a relative measure of the resistance of an
agegate to sudden shock or impact,
» Theimpact value of ap HEEregate is sometime used ns on alternative to its
crehing value,

14. ABRASION VALUE OF AGGREGATES



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

Agpregate Property

| I'ést to he conducted

strength Crushing strength test

Hardiess ADrasion tes

Impact value Imipact fes

Resistance against w eathering soundnesy Tes

Shape of aggregate l Shape

=

Bitwmen adhesion ' Hitumen Adhesion 1est

Specific Eravily |

Water absomption

Specifie gray 1ty fest

Water absorption tes

I.Crushing Strength Test on Aggregates

* Aggregate crushing valye gives the Crushin

& strength of aggregate up to
which it can bear the Joud without fuil,

* Toconduct crushing strength fest we need compression testing machine,
cylndrical Mmeasure, plunger and s seves,

Procedus




i. First sieve the sample aggregate, Elggrﬂgah.: passmifnl i?.ﬁmm
sieve and retaining 10mm sieve is oven dried at 100-110C g, 1.

4 hrs.

ii. The eylinder 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 Mminuteg

v. Then stop the machine and crushed aggregate is sieved throyg
2.36mm sieve and aggregate passing 2.36mm sieve is weigheq

vi. Aggregate -:rushin'g value can be obtained from below formuly.

Agpregate crushing value = (W2/W1) *100 v




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

ii. The sample is weighed W1 and placed in Los 4 Angeles testing
machine and the machine is operated,

iti. 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 sicve.

v. Sample retained on 1.7mm is washed and dried and note
§ {iﬂﬁ"ﬂ its weight W2,

%

Aggregate abrasion value = {IWI1-W2)'W2} x 100%:

J.Impact Test on Apprepates

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

It is conducted in Impact testing Machine.

Procedure

. For this test also apgrepate 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 firl"l:u-np.[hE
for each layer. Weight w1l noted.

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

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

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

vi. Afler that take down the sample and aggregate passin £ througpy
2.36mm sicve is weighed as w2,

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

4.Soundness Test on Apgregates

* To determing the weather

20 ¥
conducted, I "EBrRpate S0undness tast s



o [0 the resistines against wenthering i powndd Tor argerepente, then it will
have high durnbiliny,

Procedury

I For sonndness test we need some chiemical ol utions
nirnely sodinm sulphote or magnesinm sulphate,

L
=

- The smmple of apgregnle passing through 10mm sieve
and retined on 300 micron sieve is taken,

ik, Dry nnd weigh the smmple and immerse them in the
chemical solution Tor about 18 hours,

. Adter that, Take the sample and dried it in oven at 100 -
L 10, repent this procedure 5 times for one sample, and

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

v. The weight loss should be below 12% if sodium sulphate
is used, below 18% il magnesium sulphate 15 used,

5.Shape test on Aggrepates

* Shape of aggregate is also important consideration for the construction of
pavement. '



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

The percentage by weight of agpregates whose least dimension is less the
3/5th of its mean dimension is called s flakiness index,

The percentage by weight of aggregate particles whose greatest
dimension is 1.8th times their mean dimension is called as elon gation
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 1o
an accuracy of 01, 1%,

6.Bitumen Adhesion test on &Eﬂuggteg

L]

Bitumen adhesion test will give the stripping of bitumen from the
aggregate.

In case of bitumen pavement, the bitumen should be iy pure contact with
dgpregate,

To attain this aggregate should e elean and dry,



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

* In this test the aggregates are coated with bity men and dried.
* After drying they are immersed in water at 40°% for about 24 hours.

* 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,

il. Apparent specific gravity, in which the volume of agpregates 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 aggrepale,
* To perform this test minimum 2 kg sample should be used.

® The sample should be cleaned and dried. Place the sam

ple in wire baskef
and dip the basket in distilled water bath,

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

« Leave the basket for 24 hours and after that allowed

: it to drain for few
minutes. Aggregates should be taken on dry cloth ap

d exposed them to



atmosphere sunlight. After dry
the aggregate in oven at 1(0-
welght the aggregate W2,

ng, weigh the aggregates W1. Then place
110% for 24 hrs, After oven drying again

Water absorption of agerepates = [(WI-WE]M"I} x 100%,

wDeleterious Substances in Aggreqa
1.0rganic Impurities

Organic impurities interfere with the hydration reaction

- Omganic matter are mostly found in sand and consists usually of
products of decay of ‘(\EQEEIHE matter

LS
Organic matter may réemoved from sand by washing

2.Clay and other Fine Materials

« Clay present on the surface of the 1
form interfere with

paste, adversely affe

ggregate particles in the coating

the bond between aggregate and the cement
cting the strength and durability of concrate .

- Other fine materials which may be present in aggregate are silt (2 to
G0pm) and crusher dust.

- Sitand dust, owing to their fineness, increase the surface area and
therefore increase the amount of water necessary to wet all the
paticles in the mix

Inview of above, it Is necessary to control the amount of clay, silt and
fire dust in aggregate

3.5alts

« Sand from seashore or dredged from the sea or a river estuary, as well
as#esert sand cuntain*f salt

I'I



It -
« Coarse aggregate dredged from sea also contains sa

i sio
« Salts coming through aggregates cause reinforcement COITOSION 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

o waler

* 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 concraete which is
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 alsq regarded as unsound. While mica
Is very effective in reducing strength (159 reduction in 28-d f with 5%
mica), gypsum and iron pyrites are mainly responsible for expansion of

-Concrate

A % Alkali- A ate Reactions

= Reaction between alkali from cement ang silica or carbonate from
aggregate is called "alkalj- 2ggregate reaction”

* The most common reactign 's that between the active  silica

constituents of the agaregate angd that
alkalis in ¢
as “alkallssllica reaction” ement, called




<

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

Both types of the reactions cause deterioration of concrete, mainly
cracking.

i=Silica Reaction

Following are the reactive forms of silica:

* Opal (amorphous, i.e. shapeless)

* Chalecedony (eryptocrystaliine fibrous)

* Tridymite {crystalline)
Sources of the above forms of reactive silica include: opaline or
chalcedonic cherts, siliceous limestones, etc
Nal and K.O are the alkalis in cement which form alkaline hydroxide in
pore water facilitating the alkali-silica reaction
As 2 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 g2l 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 ang 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 dggregate samples



(Form of ASR deterioration in concrete)

+ Alkali-Carbonate Reaction

The phenomenon of the slkali-carbonate reaction is different from that

of alkali-silica reaction

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

Gel is formed around the active aggregate particles, causing cracking
within rims and leads to a network of cracks and loss of bond between
the aggregate and the cement paste

The deterioration caused by ACR is similar to that caused by ASR
However, ACR is relatively rare because aggregates susceptible to this
phenomenen are less commen and are usually unsuitable for use In
concrete for other reasons,

Aggregates susceptible to ACR tend to h

that can be identified by Petrographers 8Ve 3 characteristic texture



Petrography( Microscopic description)of Con crete with Aggregates

Susceptible to ACR,

. Grading of aggreqgates

Grading of aggregates are delermination
aggregates is an

well as durability.

roper grading is important for concrets conatruction.
grading limits of aggregates.

of particle size distribution of apgregates. Grading of
important factor for concrete misx design. These affect the concrete strangth as

*,
Fallowing tables provides details for

Grading Limit for Single Sizred CoarseAggregates

{Based on Clause 4.1 and 4.2 of 15: 383- 1870%

Parcentage passing fer single sized aggregates of nominal size{mm)
IS Slove

63 mm 40 mirm 20 mm 16 mm 12.5 mm 10 mim
B0 mm 100 — i - = =
&3 mm 85— 100 100 - - L =
40 mm 0-30 85~ 100 100 - v =
20 mirm -5 0-=2a 85 =100 100 T =

X i




= 100 -
16 mm _ i, = 85 —100
125 mm N 2 L - 85 = 100 100
10 mm 0=-5 0=5 0-20 0= 30 0-d45 BS—1
4.75 mm - - n-5 D=5 0-10 0-20
236 mm - - - = = O=5
\ ¥
L
Gra its for Fine A os
(Bazed on Clause 4.3 of 15: 383 — 1970)
Percantage Passing
I5 Sleve Designation
Grading Grading Grading Grading
Zone | Zone i Zane (I Zens v
10 mm 100 100 100 100
|
4. i
D
‘_-_-_-_-—-_-_
.38 mm 0=
R0 75=100 85~ 100 95 - 100
= [ —— |
1.18 mm d0-70 -_-_-_'_'_'_'—'_'_'—'—-—-—-_
A 75~ 100 80~ 100
'_'_‘—'—-—-_.____.___..--




800 microns 165 =34 35 - 69 60— 78 B0— 100 1
400 microns 6-20 8-30 12-40 16~ 50
150 microns 0-10 0=10 0=-10 0=15

g Fineness Modulus of Coarse Aggreqgates

and its Calculatio \

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 sieve analysis with standard sieves.

s 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.

“w (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 0.1 5mm.

« 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
SiEVES.



Determination of Fineness Modulus of Coarse Agpregates

To find fineness modulus we need

0 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 aggregate in pan and placed it ip dry oven ata
temperature of 100 — 110°C. After drying take the sample weight to nearest
gram.

Test Procedure for Fineness Modulus of Cogrse Aggregates

L. Arrange the sieves

in descending order angd put the arrangement on
mechanical shaker.

il. It is suggested that, to know the exact valye of fi

. neness moduluys f;
coarse aggregate, mechanical shaker will give b "

etter value thap hand

;s s retained o i ]
and find out the cumulative weigh ined particles gg w‘::tli:zsmwe



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 79

| \




4.75mm 1400 5000 100
236mm |0 5000 100
L18mm |0 5000 100
0.6mm 0 5000 100
0.3mm 0 5000 ", 100
0.15mm | 0 5000 0

e [~ ___H____E 7
e e e

Fineness modulus of 7.17 means, the average s .

i . 1Z¢ of particle of iver ;
ageregate sample is in between 7% g go o ; g1ven coarse
20mm : " 8% sieves, that is botycen 10mm to

. - oy a

0.15mm 03mm 0fmm Lifnm 3 38mm 47%mm |
1 2 | i . fh

7.17

Limits of Fineness Mod ulus

II-



coarse agoregate varies from 5.5 '
3 to 8.0,
uﬂgﬂgmgat::i Of combineg AgErepatag fineness modulys Viries ﬂi]llr:l 3f135r :::151 '15
nge o Neness mody|yg for aggregate of different maxim d

aggregates is given below, e
Maximum size of Coarse ageregate Fineness modulus range ]

e |
20mm 9050
i, _-__——____‘——____'_'_— 6.9-175

\ N
75mm 7.5~8.0
e = owe _—

——— 3.0-85

Fineness Modulus of Fine Agpregates and Calculations

» Fmeness modulus of sand (fine aggregate) is an index number which
represents the mean size of the particles in sand.

Itscalculated by performing sieve analysis with standarg sieves,

¢ Thecumulative percenta ge refained on each sieve is added and subtracted
by 100 gives the value of fine aggregate,

BEregate we need sieve sizes of

4.85mm, 2.36mm, 1.] 8mm, 0.6mm, 0.3mm and O 15mm,



' ess modulus of
* Fineness modulus of finer aggregate is lower than finen

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 weigh

t scale,

Sample preparation

Take a sample of fine aggregate in Pan and placed it in dry oven at 4
iemperature of 100~ 110°C. After drying take the

sample and npte down its
weight,
est Procedure — Fineness Mody] 5 0f Sa
i. Take the sieves and arrange them ip d{:stﬂnl:ling order with (e largest
sieve on top. y

and shaking of sie
e k g ves should be done at least



v, If Ehﬂkiug is dﬂﬂﬂ
close it then hojq
eve s
vertically and horizontajyy, * #nd shake it inwards ang outwards,

V. After some time shake the 3

and 4% gieyes and finally Jast sieves,

vi. After sieving, Tfecord the sam

Viii. Add the a cumulative

we will get the value of finep

Pereentage values and divide with 100 then
€38 modulus,

Calculation of fineness modulus of Sand

Let us saythe dry weight of sample = 1000gm
After sieve analysis the valyes appeared are tabulated beloy.

Sieve | Weight Cumulative weight Cumulative Percentage
size retained (g) retained(g) welght Retained (%)




B
= 0
4.75mm |0 0
T
10
2.36mm | 100 100
1.18mm | 250 350 35
0.6mm | 350 700 70
03mm | 20p 00 90
0.15mm | 100 1000 100
R (S
Total 275

Therefore, fineness modulus of agpregate = (cumulatiye % retain ed) / 100 =

(275/100) = 2.75

Fineness modulus of fine ageregate is 2.75_ |
dggregate is in between the 2 sieve and 3 o

Limits of Finenesg M odulus



ne a
having fineness 5 migregalﬂ varies from 2.0 to 3.5mm. Fine aggregate
Various values of fi *€ than 3.2 shoulg not considered as fine a t
neness modulus for diffe t : N
[ T - rent sands are detailed below.
vpe of sand :
Fineness modulug range
Medium sand 2.6-20
\ '
] ,
Coarse sand 29-32

|

Fineness modulus limits for various zones of sand according to IS 383-1970
are tabulated below.

Sieve size Lone-1 Lone-2 r Zone-3 Lone-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
\




Oomm 15-34 [35-59 60-79 80-100 ™
lI.J_mm 5-20) 8-30 12-40 15-50
|
;1'._I5mm 0-10 0-10 0-10 0-15
_I*i neness modulus 4.0-2.71 3.37-2.1 2.78-1.71 2.25-1 ;5.—\||
- =)

-Il#ti"l'l-ttill!i’!lliii.iiil!#"litltttltiitt.ltritta
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CH-5

ERTIES ESH CONCR A

* The term fresh concrete means the wet mix of concrete ingredients before
they begin to set.
* Fresh Concrete can be casily moelded into any designed shape in

construction.
* The potential strength and durability of conerete 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

dumh[]il}'.

Below are the propertics 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.

2, Setting
When concrete changes its state from fresh to hardened then this process

is called setting.

3. Sepregation
The separation of concrete ingredients from each other is known as

segregation,

4. Plastic Shrinkage
This is the shrinkage that the fresh concrete undergoes till it sets

completely. It may be also called initial shrinkage.

3. 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,

6. 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,



7. Water Cement Ratjg
The comprehensive spren Bl decreases, in gencral, witl increasing water
cement ratio and viee vepsy

5.1 Introduction

Workability

The sirenpgth of conerete of a given mix proportions is very se rinusly
affeeted by the degree of ilzampaction;

ttiswvital, thatihe L'muai.lemnu:,-{nh'rlrt:,'1n Mew) ol the mix be sucl Lhad, the
concrete can be trunzporied, placedang linished sufficient ¥ easilvand
wil]muh::eg:cgminn.

Theeusewitlwlh icheoneretemixesey nhecompactedas
“:“"1PIHL‘I}'-H{}MEll:_llmllﬂmsillgﬂll.imw.‘ﬁmu&ﬁ ble waterfeement
ratin,

Shouldbeobtainedbytheuseo fawel l-gradedageresate which hasthe

lareest maximum particleizmpossible,

The useolEmooth and rounded, rather than irregularly sha e

aggregatealsoincreaseworkability,

Airentraining admixtures improve the waorkability of mixes butcausas
alossofstrengthuptoabout | apercent.

Factors aflectilghilin

> Watercontentofthemiy Addinpwateninercases workability and

asesstrength,

B Maximumsize [uggn'gﬂt{::Lﬂ:ﬁEEurthctumatrﬂm wetted and more
walerinmediym,

Pk Cradin gnmggregnlc:Pmrgmdmgmdnmumlw
consistency,



> Shapendiexturem figgregates: Smoothsurfacesgive better workability.

Measurement oVorkability

G

Sleenp Test: Gives good results forrich mixes.

1L CompactingFactorTest: Usedforlowworkableconcretes.

111, FlowTabieTest:Used forhighworkableconcretes.

IV. pegeTes: Used forlow workableconeretes( fiberreinforced concrete).

1.

SLUMP TEST

Thisisa test usedextensively in sitework all over the world. Very

useful in detecting variations inthamiformitef mix of given nominal
propartions.

Richmixes behave satisfactorily theislump beingsensitivewovariationin
workability,

Lipio [25 mm [3in.]

W o 150 mm {6 in)

150200 mmy
{5-=1kin.}

Callapar



LOTING FACTOREST

. The :jn:gn.h::::J.';:lmrr.'n;-:jmmllruj “mpacting i';wlmmmnumih__u]:uienﬂiy
ratog, e, !er'm:iunJ:dun::iunﬂmaunll Mehigveih (he leZrdhe densityof thaame
chnerele full}ru:umprqcn::l

’ Testamore Sensitive agh duuwrquhiri-:}r.




FLOW TEST

Measures the diameter of spread after vibration,

VEBE TEST

Starttime after removing cone and stop counter once the transparent rideriscoveredwith
pastcRecordn secands ThissVeBdime,




Eegufremgnfs of Wgrkaﬂr’ﬂi‘g:

implest language, is the ease with

which f reshly prepared cOncrete can be transported and
placed for the job and compacted to a dense mass,

* The fresh concrete which may he expected to give the best

results must pogsess the property of workability. This is
the most im

Portant prg p

gggreggtes.
balance between
ar job in particular

Id have g right
¥ for a particy]

* To develop such a balanc

.U_f._agg;gga fes,

» 8and, coarge

rough mixing of the

€pends on the Lype of cement, dggregates,
etc., used in Concrete-mi 'ncreasing or decreasing the
Setting time Admixturesis used,



« 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 develop cracks.
Therefore, all precautions should be taken 10 avoid excessive

loss of water.

5. Thermal Shrinkage:

This may be due to fallin g 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.

8.Thermal Expansion:

I“fma“”‘? concrete works, when the upper layers are laid
before the lower layers haye completely set, there may arise a
phenomenon of therma| €Xpansions - in the lower layers.



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

[ 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 comiplete
hydration of the cement, the resulting concrete wil] give
maximum compressive strength on proper compaction,

CH-6
PROPERTIES OF HA4 RDENED CONCRE IE

* Hardened concrete is a concrete which must be strong enough to withstand
the structural and service loads whieh will be applied to it and must be

durable enough to the environmenta] 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 conerete 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 af hardened concrete:-

l. Strength
2. Creep



Vo Duarability

4. Slwinkape

&, Modulus af Tlnstivity
o, Water Tigthness

1,.8trength.

When we reler 1o conerete strength, we penerally talk about compressive strength
of conerete, Decause, conerele is strong in compression but relatively weak

in tension andbending. Conerele compressive strength is measured in pounds per
square ineh (psi). Compressive strength mostly depends upon amount and type of
cement used in conerete mix. 11 is also affected by the water-cement ratio, mixing
method, placing and curing,

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

bom | I | |
100% —— s
_ 7 |
: - l
o 0 a |
- 2 —f 'I
'f | |
3d 74 14d 284
ﬁﬁz Strength gaining of concrete

2.Creep:

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

3.Durability:



—— e

; ot el v performance
Durability might be defined as the ability to m‘a}ﬂhl]ﬂ salls r‘-"f:{;:ﬂ"i Ir:iing-: i< often 30
over and extended service life. The design service life of mos Sl _[-II_" i
vears, although buildings often last 50 o 100 yLars. |"u'!u.‘il concrele buldimgs
demolished due to obsolescence rather than deteriortion, .
Different concretes require different tegrees ﬂt'durnhillilj.r dcp::mlmg on ”“." 1
exposure environment and properties desired. Appmpnr!le concrete mgl'i.f:i]l:llllh.
mix praportions, finishes and curing practices can be adjusted on the basis of
required durability of concrete,

4. Shrinkage:

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

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

-

due to shrinkage

'-ﬂE;Eu' vl amine

Modulus of Elas icify:

The mm’:rdu.r of Elasticity of concrete depends on the Modulyg of Elasticity OF the
conerete ingredients and their mix proportions, As per ACH code, the modulus of
Elasticity 1o be caleulated using following cquation;
E= CRETRE (psi)
Where, w, = unit weight of concrele, "2
=28 days com Pressive strengih of conerete
For normal weight conerete (90 "3 to 160 %,3), we assume that formula



E, = S700MY,

6 Waler lightness:

Another property ol concrete is waler tghiness. Sometime, s called
impermeability of concrete. Water tightness of conerete 1s direetly related w the
durability of concrete. The lesser the permeability, the more the durability of
concrele. Now the question 1s, what i2 the permeability of concrete?

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




Methods of Concrete Mix Design

* |.S. Method
* British Method
* A.C.l. Method etc.



ml

® 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
design

1.

Grade of Concrete
Eg: RCC-M30-A20
Slump required in mm
Eg: 25 =75 mm
Degree of Site Control
Eg: Good
Type of Exposure
Eg: Moderate
Grade of Cement
Eg: OPC 43 Grade

mix



Workability

(Clause 7.1, 18:456-2000)

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. o

Trench fill; Im-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

= i



Good

Fair

Degree of Site Control

(Table 8, 13:456-2000)

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



m Approximate Quantity of Materials
required for concrete mix design

1. Cement : 200 Kg.

2. Fine Aggregate : 240 Kg.

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

10



if)

iv)

v)

Type of Expual Ii: (TaMES

Envir CNe

Mild

Moderate

Sevare

Very Severe

Extrame

514562000

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 agaressive

sub-soil/ground water.

surface of members in tidal zone.
Members in direct contact with liquid/solid aggressive 9

chemicals.



II. FINE AGGREGATE

1. Sieve Analysis

Specifications for Zone-1I1

Sieve Size % Passing
As per I15:383-1970
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
4. Materials Finer than 75 micron : 1.00

(% by weight)

3 Max

12



W

SIF

No.

o

STEPS INVOLVED IN CONCRETE MIX DESIGM

concrete ingredients.

I. CEMENT (OPC 43 Grade)
Particulars of Test

Standard consistency
(% by weight)
Setting Time in minutes
a) Initial
b) Final
Compressive Strength in
MN/sg.mm at the age of
a) 3 days
b) 7 days
c) 28 days

Specific Gravity
Fineness in Sq.m/Kg

Result

25.6

95
210

24
35
46

3.00
337

Step I:- Determine the physical properties of

Specifications
As per IS:B112-1976

30 Minimum
600 Maximum

23 Minimum
32 Minimum
43 Minimum

225 Minimum

1



IV. MECHANICAL PROPERTIES

Sl.
Mo,

1

Particulars of Test

Crushing Value in %

Impact Value in %

Los Angeles Abrasion
Value in %

Result

28

24

30

Specifications
As per 15; 3B3-1970

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

l.  Sieve Analysis

Sieve Size % Passing Specifications

As per I5:383-1970

Graded Single Sized
40.00mm 100 i00 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 : 2,65

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

=



VI. BLENDING OF COARSE AGGREGATE:

-
_\ \ 3
P (R
%o Passin R T
Sieve  15:383-1970 gj‘s &)
size  Specifications
(mm] I,’Gl“ad&d J,—_-d—i-'{'%*l.-. ..-_:r,‘_‘.lp_:r: {f 19 _,.f"'

20 mm= | 10 mm Eﬂ?aHd{F";:: 30%+50%
S

40 100 100 100 100 100
20 95-100 G0 100 94 95
10 25-33 3 85 40 44

475  0-10 0 19 7 10



i

V.o 10.0mm COARSE AGGREGATE
1. Sieve Analysis

Sieve Size % Passing Specifications
As per IS:383-1570

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 {

Accepted proportion
of low results

linS5, 20% 0.84
lin 10, 10% 1.28
lin 15, 6.7% 1.50
| in 20, 5% 1.65
lin 40, 2.5% 1.86

1 mn 100, 1% 2.33



v Stepll:- Compute Target Mean Compressive Strength:

Fl:l: - fth + 1 * S

F.. = Target Mean Compressive Strength at 28 days in

N/Sq.mm

f = Characteristic Compressive Strength at 28 days in
N/Sg.mm

S = Standard Deviation in N/Sq.mm

i =

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 Minimum expected W/C
No. Grade
1 M10 0.9
2 M15 0.7
3 M20 0.55
4 M25 0.50
5 M30 [0.45
] M35 0.40
7 M40 0.35
8 M45 0.30

L%



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

Assumed Standard Deviation

Grade of (N/5q.mm)
Concrele
Good Site Control Fair Site Control
M10, M15 a5 4.5
M20, M25 4.0 5.0
M30, M35
M, 40,M45 5.0 6.0

M50




Approximate water content (Kg)
per cubic metre of concrete

(Table 32, SP:23-1982)

Maximum Size of
Aggregate
Slump (mm)

10 20 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 1.5: 10262-2009.

Water Content per

Maximum size of :
cubic metre of

AEF reg ?te concretie
mm
(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

S1ze of Zone lV Zonelll Zonell Zonel
Aggregate

(mm)

10 0.50 0.48 0.46 0.44

20/  0.66 0.64  0.62  0.60
40 0.75 0.73 0.7 0.69

23



Step VlI:- 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 = (WHCIS_+(1/(1-p)) * (calS. ) * (1/1000) - (Eq.2)

Where

V = Absolute volume of fresh concrete = 1 m?
W = Mass of Water (Kg) per m3of 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 = ~—reeenemmna-

W/C Ratio

=185/ 0.45 = 411 Kg.

25



Substituting the values in Eq(2), we getl
1000 = 185 + 411/3.0 + (1/0.64) * ca /2.65)
= 185+ 137 + ¢a/1.696
= 322 + ca/1.686
ca =(1000-322)" 1.696
=678 * 1.696
= 14150 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 Kg.




v Step VIi:- Make slump trials to find out the actual weight of water
to get required slump. Make corrections to the water

content & %FA, if required.

v Step VIll:- Compute 2 more trial mixes with W/C ratios as 0.40 &
0.50, taking %FA as 34% EII;!HJ.EE%. respectively.
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So the mix proportion works out to be

W:C:fa:ca
=185:411:635: 1150
= 045:1:1.55: 280

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 =683 Kg.

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

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

=185:370:683:1136

= 0851 :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 Kag.
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):©):fa: ca,

=485 462 5 584 1156
= 0.4:1:1.26:250



28 Days Compressive Strengths of Trial Mixes

:’;ﬁ C/W Ratio L?::E:] ;EITﬁ )
(Kg/Cm?)
0.40 2.50 457
/045 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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