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Cement is a bonding agent used to bind various construction materials like brick, stones,

concrete blocks, etc.

LU
e Cement is used in the form of mortar (cement + sand + vater) in certain specific ratios or

in the form of concrete (cement + sand + crush + water) in certain specific ratio.

¢ Cements have been known and used for at least two thousand years. The cements used by

the Romans were natural and pozzolan cements, made from naturally occurring mixtures
ic ash containing

of limestone and clay and from a mixture of slaked lime and volcani

e e
silica. ‘

e Portland Cement Skt
eits quick setting property,.strength and ease with which it can be used under lelc[}" of

conditions has revolutionized the concept of construction and made it the most popular
cementing material.
In 1824, first step was made in producing the type of cement with which we are familiar
today. The inventor, Joseph Aspdin, produced a powder made from the calcined mixture
of limc§tonc and cla){. He called it Portland cé}@cnt, because when it hardened it
produced a material resembling stone from the quarries near Portland, in England.
Modem Portland cement is made from materials chh contain the proper proportions of

lime, silica, alumina and iron with minor amounts of magnesia and sulfur trioxide.

Table below indicates the range of oxide composition usually used in normal Portland
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sleength us long as moisture Is presen. | wﬂl continie g strength even whep

completely su bmerged in water, Compared to hyclmuluc limes, the streagth gain is g uite

rapid and much greater in value.

All the above compounds undergo some chemical combinations during the process of

. burning and fusion. Main constituents of Cement are

607. 1. Tricalcium silicate, 3Ca0Q. SiO; (C3S)
104y 2. Dicalcium silicate, 2Ca0. SiO; (C2S)
10%3. Tricalcium aluminate, 3Ca0. AbO; (C3A)

DL T
e

|07, 4 Tetracalcium aluminoferrite, 4Ca0. ALO;. Fe;03  (C4AF)

o ik
; Tn-Calclum Silicate is the best cementing material and the more it is present in cement the

the cement is. In properly burnt clinker Tri-Calcium Silicate should be about 40%. In

céég'the burning is not done properly then the clinker shall have less of Tri-calcium Silicate and
more of free lime. After the addition of water to cement it sets and hardens due to the hydration

and hydrolysis of the above compounds Wthh act,as a glue The alummate is the first to set and

harden, Tri-Sllicate is slower and the Di-Silicate is the slowest.

Fui-ther early gain in strength is due to Tri-Silicate. Di-Silicate takes 14 to 28 days to add to the

: strength All the ¢heee compounds in their action with watcr give out heat. Maximum heat giving

compound is the' aluminate which is responsibie’ for most of the undesirable properties of

concrete. A cement having lesser aluminate shall have initial strength but higher ultimate
stren'gtH. Also there shall be lesser generation of heat, more volumetric stability ,lesser cracking
and more resistance to acid a’ttacks,Ylncomplﬂt= burning of clinker leaves free lime in it. This
fiee 1i causes expansion and dlsruptlon of concrete after usexrhe silicates form a gel with

water. The gel fills the pores of cement thereby making it impervious. The gel later on

crystallises and firmly binds the particles.
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Manufacturing Process Flow Diagram

5 Raw Materials

l

~  Grinding / Crushing

W

\\
&
N\

; Mixing in specific proportions /-~ ¢

3 - Burning in large rotary kiln upto 1600 °C

|

v
Lj - Formation of Clinkers (small balls )
l
Cooling & Grinding

4
4 _ Addition of Gypsum powder

l

OPC

Manufacture of Cement
Wet Process )
4) Mixing: The crushed raw materials in desired proportions are fed into ball mills. A Jitt]e
water is added to it. Ball mill is a rotating steel cylinder in )z/bich there are hardened stee]
= ©. ol [T
When the mill rotates the steel balls pulverize the raw
h form into 2 solution with water. This liquid
35"’" H’*? = .
as slury. This slurry is then passed into

m as silos where their proportioning is

the correct chemical composition.
- can be controlled better by the wet

iorrected slurry is then fed into \ X /

\
: EREEs AR e
- BERFas Soroun
the furnace losses moisture 1

' !
"nodules". 'The nodules Ball Mill
- where they are finally burnt at 1500 to 1650° C,

....
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AL thig temperature wpodules” changes 10 clinkers, Clinkers are i conled in another iclined
F - b

wibe similar to the kiln but of leaser length, |
g which are kept cool by

e | e mill :
¢) Grinding: Grinding of the clinker is done it large tub ¢ i
water on them from outside, While grinding the clinker, three lo fou per cent
n Sulphate) is added so as to control the settiw Finely

* ground cement is stored in silos from where it is drawn for pac

spraying
gypsum (Caleiur

king.

¢

Storage of Cement

PR Hand ¢ ¢ e atmosphere. It
Poitland cement is a finely groun £

d material, It readily absorbs moisture from th

is, therefore, essential to protect it from dampness during storage. Lack of proper caré may cause

setting of cement or reduction in its strength due to partial setting. Following precautions should

be taken in storing the cement:

() Walls, roof and floor of the building in which cement is to be stored should be completely

water proof

(i) In case the cement store building is newly constructcd thcn its interior should have been

thoroughly dried before the cement is stored in it.
| (iif) Doors and windows should be properly fitted and should be kept shut / closed.

(iv) Except in case of dry concrete floor, the cement bags should be stacked on wooden planks.

(v) Thebags should be stacked little away from walls. A gap of 67 all around should be left

between the exterior walls and the piles.

(vi) Bags should be piled close together.
(vii) Bags should be piled not more than 15bags high or 2 m height.

(viii) Bach incoming consignment should be stacked separately and a placard bearing date of

arrival of the consignment should be pinned to it. This would help in using cement in the
same order as it arrives, thereby avoiding dead storage that is a stack remaining in positifg-
for a long time while other consignments of cement come in and go out.

Fmr temporary storage of cement at site of work, bags should not be stacked on the ground—

mum number of bags required should be piled upon raised dry platform and covered

;ra.ge of ccment reduccs its strength even lf all cares are exerc‘lsed'

melﬁon of Stornge Yeage Reduction in Strength
' 1 Months 2‘V
alt W LY gl s ]
_om;hs e 5°/
A X ¥ O | 0

. 5Months A S NS
L Wl - ) 4S8 55 ‘.3:-"\ .“. v upto 40%

L3
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Types of Portland Cement:
3 The amounts of the four basic ingredients can bc varied lo produce different types of

Portland cement, each with some unique char

;meualms. The three most commion types are
(i) Type 1 (ASTM" Type I), normal Portland cement;

(ii) Type 3 (ASTM type IIT) high-early-strength Portland cement j
(111)Type 5 (ASTM Type V), sulfate- remstant Portland cement. :

/.

e

“In addition, two other types are made;

4
(i) Type 2 (ASTM Type II), moderate Portland cement ; !
(i) Type 4 (ASTM Type IV)', low-heat-of-hydration Portland cement. |
‘Normal Portland (Type 1) cement
Normal Portland (Type 1) cement is used for'general construction works when the-special

properties of the other types are not required. It is normally used for reinforced-concrete,
buildings, bndgcs, pavements and sidewalk s where the soil conditions are normal, for most
concrete & masonry units, and for all uses where the concrete is not subject to special sulfate

~ hazard or where the heat generated by the hydration of the cement is not objectionable.

4

95:15"\";‘\ il ahil/?derate Portland (Type 2) cement

‘\l’\"éés + Moderate Portland (Type 2) cemem has better resxs:anc° to the action of sulfates than normal

Ltk ;W.ﬂaPo;thnd cement and 1S | used where sulfate concentrations in the soil or ground waters are

i :‘;2 ﬁmﬁ hlghel than normal but not unusually severe. It also generates heat at slower rate than normal

 Portland cement and is used in mass concrete works. Its use will minimize temperature rise,

*  aproperty which is parncularly important when concrete is being placed in hot weather.

- srly-strength cement (Type 3)
' | 5strength cement (Type 3) is used where higher strengths are lequlred at earliP L }wah

of a weelk or less. It is particularly useful where it is required to remove ean i sby

' ",n as p0351ble or when the structure is brought into service quickly. High —=> Fet finish w

D Raoy
es it possible to reduce the period of protectlon for concrete during cold pessiiph e? o

- Recive 'Q}T“‘g‘i&
4N piofedien.

: i i ent for use where the amount ynd raje of — “ihews Yy
ype 4) is special cement for us ¢ RSN

Kk ‘Jp,unmum Suength is also developed at a slower rate, [t is qmc veepl vmivn

|
o }
. 2 § 1 J
Gl i " | , =4

e,
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nlended for use in massive concrele structures, such us dams, where the lemperalure |
I ’ '

resulting from heat generated during hydration is a critical factor,

Sulfate-resiatant cement (Type 5)
s.  Sulfate-resistant cement (Type 5) is intended for use in structures subject to attack by sulfate

concentrations in some waters or grounds, such as may be found in certain manufacturing
' plants or in the ground-water in certain areas. It is also resistant to the action of seawater.
=]
The rate at which the strength of concrete increases varies according to the type of cement
used, is shown in the following Table which gives the approximate strength values of
concrete for each of the five types at four time periods. Concrete made with normal Portland

cement 1s the basis for comparison.

Approximate Relative Strength of Concrete As Affected By Type of Cement

Compressive Strength-Percent of Strength of
Types of Portland Cement| Normal (Type I) Portland-Cement Concrete

, 1 Day..[ 7Days .| 28 Days 3 Months
1 Normal : 100 100 100 100
|2 Moderate | 75 85 90 100
3 High-early-strength 190" - 1200 110 100
4 Low-heat 55 55 5 100
) 5 Sulfate-resistant . 65 75 85 100 !

Prpperties of Portland Cement
Normally, during the manufacture of cement, quite close limits are placed on the chemical

composition and some of the physical properties of the material. Frequent tests are carried

- out on the cement itself, either on hardened cement paste or on concrete made from the

nt, (o maintain the quahty within spcmﬁcanon limits.

finer the cement, the faster strength development takes -place. The effects of
5 on strength are particularly noticeable during the first 7 dayaf A]so as

, the amount of water required for a constant slump concrete decreages to

7b}’ the higher ranges of ﬁnencss In high-early-strength cement.; )




s

7~ Soundness s a physical property tegied by defermining the ability of & hardeved cement

suste Lo retain its volume after setting ok ; ‘
g ne after setling. Lack of soundness is caused by too much hard bumed

free lime or magnesia in the cement.

». 2~ Setting time is an important characteristic of cemen( which must be regulated. It is necessary
| for conerete to remain plastic long enough for finishing operations to be carried out. In

+ practical circumstances, the length of time that a concrete mixture will remain plastic is
usually more dependent on the amount of mixing water used and the atmospheric

temperature than on the setting time of the cement.

~ Y-False set is a characteristic which results in loss of plasticity, (without much heat being

_ developed) a short time after the concrete’ is mixed. Further mixing without the additional

_use of water usually restores the plasticity. The use of chemical admixtures may be

beneficial to delay the occurrence of false set.

g ~Compressive Strength is the most important ability of cement which is developed in a
concrete mixture. Compressive strength is deEermined by'conducting tests on 2-in (50-mm)
mortar cubes, in which standard sand is used. Strength tests at various ages or time intervals
indicate the strength-producing characteristics of the cement but should not be used to
predict concrete strengths accurately because of the great number of variables that may occur
in a number of concrete mixtures. To determine -accurately) the compressive strength of

‘concrete tests should be made on concrete samples made from the particular ingredients to

be used.

nt and rate of heat generated depends on the chemical composition of the cement,

the rate and amount of ‘heat generated are significant. If the heat is not
‘undesirable rise in temperature may occur, which may be accompanied

A subsequent drop in temperature may then creaie undesirable

en days by each of the five types of cement, based on 100

nd cement, are shown in Table,
R——"3
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ydration is the heat produced by the chemical reaction between cement and water. )

‘cement and the temperature during hydration. In some structures with -

On the other hand, a rise in temperature may be beneficial in cold |

favorable curing, conditions{ The approximate amount of heat

et
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Specific Gravity of Portland cement is generally about 3.15. Cements made [rom

""i“tl'liilg

7«
other than limestone and clay may vary sgmewhal from the above value. Specific gravity i
ot an indication of the quality of the cement. It is used in calculating mix desigy
proportions.

‘l

Comparative Amounts of Heat Generated During First 7 Days By Five Types Of

Cement

Heat Generated, %

Cement Type l
Type | or normal 100 J
Type 2 or moderate 80-85 |
Type 3 or high-early-strength Up to 150 f
Type 4 or low-heat 40-60 ]
Type 5-or sulfate-resistant 60-75 |

Tests on Physical Properties of Cement

+ Consistency tcst/ leﬂ / /{ﬂmyv M

Setting Time test

* Soundness test

« Fineness test

Strength Lest

BS 12:1978 Requirements for Strength of Ordinary Portland Cement

e EEai R Min Compressive Strength (psi) J
Mo Age (days) -
ey Mortar Cube Concrete Cube {
esy 3 3300 1900 !
s 28 5900 4200 J
ng to PSS 232-1983(R)
-
| Min. Compressive Strength of Mortar Cube (psi)
J-days 2200
bl 7-days Sl o
ki '
‘ll g
e a
canne y Camoscanner



Special Cements

L_White Portlang Cement

White Portland cement

{ |

\\ U\l r“, I‘q and

18 manufactured according to the specifications of

IS Very sir
7 Y similar (o norma] Portland cement excepl in color, It is made from spw.‘ul selected

raw maleri; ; - Db
; flals - containing negligible amounts of lron and manganese oxide, and

.

manufacturing process is con rolled to produce a pure white, non staining cement/11 is used
primarily for architectural purposes such g curtain-wall and facing panels, decorative
~ceonerete, stucco, tile grout, in floors or wherever white or colored concrete or mortar is

specified.

2. Masonry Cement .
Masonry cement has been specially designed to produce better mortar than that made with
normal Portland cement or with a lime cement combination. It is made by grinding together

a carefully: proportioned mixture of normal Portland cement clinker and high-calcium

limestone. To the finely ground product an air-entraining agent, a plasticizing agent, and a

set retarder are added, "

4

The mortar made with this cement has particularly zood plasticity and workability, good
adhesion and bond, and has adequate strength to meet the requirements of<nvaI C-Ol| It

also ofiers great resistance to efflorescence and has good appearance.

- 3. Rapid Hardening Cement
This cement is very similar to OPC but develops strength more rapidly. Its _@Lday;slrength

is equal to seven-day strength of OPC with the same water cement ratio. The increased gain
| T ing high f C3A. Rapid gain of g
te of sirength Is achieved by having high contents o A. Rapid gain of strength Hfumr'w‘j

\ ds to high rate of heat of hydration development. Se, it should not be used m@ Ny Qw

uctions or in large structural sections. However, in low temperature areas theﬂbi‘}‘ &\ use
i ‘ massive_ canglt
ning cement may prove a safeguard against early frost damage.

ly Strength Cement

nta are to be high. This cement is mm- i 'Tb"—gz 5 ,P‘.m,:,-ii‘ﬁ(g QRO L5

cement It detenorates rapidly on exposure to air. The three-cay

cement 15:[Leduced to 16 hours and seveé ch:y strength 0 24




w‘ i ) 'f !,
M" o I , Gt
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3 a liktle garn of streng

Moot 20y P
n ')5‘1' hiours, in case of ultra high early atrength cement. However, there is a litlg g streng'h

afier 28 days o.l»’""'i)""‘n

v/
5. Hydro hnblc Cement
This cement (s used where long storage under unfavorable conditions 14 required. i s

obtained by inter-grinding Portland cement with 0.1-0.4% oleic acid, stearic acid or

pentuchlorophenol can also be used. The hydrophobic properties are due to formation of

I
¢ water r;p!gilgnl film: around each particle of cement. Thin film is broken during mixing of

conerete and normal hydration takes place but early strength is low. It is similar to OPC

appearance.
6. Colored Portland Cement
These are made by adding pigment to white or some time to grey cement. Its strength is

comparatively lower than normal Portland cement and 10-15% additional cement has to be

used to maintain the strength,

7. Ballast Slag Cement
Adding about 35% by weight balldsl furnace slag to OPC clinkers before grinding makes

this mixture as slag cement. Slag is a waste item in the manufacturing of pig iron, the
~quantity of iron and slag obtained being of the same order usually. The slag is a mixture of
~Lime, Silica and Alumina, the same oxides as in Portland cement but not in that proportions.
Individual composition is Lime 42%, Silica 30%, Alumina 19%, Magnesia 5% and alkalies

1%. Its heat of hydration is low, which is beneficial for massive constructions but not

suitable in cold weather. It has excellent Sulphate resisting properties, so generally used in
foundations.

8. Water Proof Cement

~Adding a small amount of stearate usually calcium or aluminum to the cement clinkers

the final grinding normally produces it. It is made both in white and grey colors. The

d Hardening Cement
obtained by lntergrinding Calcium Chloride with rapid hardening cement.
of lec,ium Chloride should not exceed 2%. This cement is particularly

Mﬂhnr concreting or when high early strength is rcquircd However, its
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