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Hardﬁﬂ'.ﬂg Dfmmﬁ*tmb“f@hlﬁﬁd on the basis of two theasles

(1} Colloidal theory (by Michaclis). According to this theory, during hydration
silicate gels are formed which undergo hardening and are responsible for the
hardening of cement. ’

(i) Crystalline theory (by Lechatlier). According to this theory. constitutiona!
& - compounds after hydration form erystalline preducts. These crystalline products
= undergo interlocking which is responsible for hardening of cament

formation of interlocking crystals reinforced by the rigid gels formed by tha hydra-
tion and hydrolysis of the constitutional compounds,

Stiffening of a concrete mixture with litthe evidence of significan
e~ ton is known as false sel. Further mixing without adudis
et plasticity in such cases. =
il _ In some cases, cement alto exhibits a flash sef. In these cases the cement has
g hydrated and further remixing will dono good.

i Most portland cements exhibit initial set in about 3 hours and final set in about
7 hours. If the cement seis too slowly valusble construction time would belost. A

t hoeat genera-
onal water can restors

-and finished. The rapid set makes the material unworkabie.

: The main constituents of cement, their percentage composition and charae-
& teristic property they impart to cement are summarized in Table 2 : v

Thus, it can be concluded that setting and hardening of cament i3 due to the'

F -

cement used in concrete must not set too fast as it requires some time to be placed .
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However, if moist coring is continued, the Lyter steength sftery s R,
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roetlage of 5,
Tricalciuwm aluminate {CpA) is the: firs

> t compound to bydrate and it cordribretes

=) to strength development in the first fevw dayes,

A 3Ca0 . AVOs #6HO — a0 . ALD. 6H,00 + 250 k] /by -
Hiydrated Trcalemem abamines ' i

=) The above reaction is highly exothermic. Cements msde with lw €4 com B

I tents usually generate less heat, develop higher strengths, and show greater revis- B

tance to sulphate attacks. In general, C A is least desirable componeTd becare of -4

(@) its high heat gencration and (b) its rescriveness with il and water crMhiring 8
moderate to high sulfate concentrations. '

:
A The presence of gypeum in the cement helps to refard the speed of the indtiad -

set. This is due to the formation of caleium sulphoaharinate (by the resction
 between gypsum and CyA) which does not show sty tendency to rapid hydestion 3
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¥ The tetracalcium alumino ferrite (CAF) compound assists in the manafactire of
- portland cement by allowing lower clinkering temperature. Even though it by 8
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dresg Hﬂaﬂﬁwﬁﬁgﬁnﬁngﬁﬁ t driven eut and the materials get heated, :
u et {1 i - Eﬂ...ﬂ..ﬂ.u..ﬂ.nhﬂmnnﬁ.ﬂlﬂ.-nmﬂ__qﬁ di i
%ﬂ?ﬁﬁ&#ﬂﬁﬁﬂuwﬁaﬁiggﬁﬁ.h“ﬂr;ﬁﬂﬁﬁ
5 Sormmed i the Feomn of small humes, called nedules, |
; . a0y o CeO+ 0T ]
) Burming Zor. [s temiperature isabout 1400 ~ 1500 *C and is thebottomand.
boemest portion of B kin. I this zooe, midhare melts and forms Little rounded
pasty Cxasses of about e size of the peas which are called clinkers. The clinker -
produced is preonih bhack of black in colourand has rough textured, Its sive makes |
& pedatively Inertin Be poesence of melstore. Tn this zone, lime and clay inderge -
fushon vieldinge calotom shominates and s{Bobes ofs &
.n.._n.-u.........._..mp.ﬂr...ll.rr__ Hﬁ&ﬂ..mﬂuu. Pl
Hom0+ SI0: —— 302050, (C5);
a0+ ALICY — 3CH0. ALOY (A ;
4C20 + ALO, + Felly —— 400 ALD, . Fe,y (S AFel
i) Grinding: From clinker storage the maberial & ransported to final grind-
g wihene it b ground to the requisite finemess acoording to the class of the product.
Fimedy ground clinfes sebs very fnst by absorption of meistare from theatmesphere,
To contond the setdng fme of the postisnd cement (when it is mixed with waber)
appeoximarely, T fo 3% gvpsum (CaS0, - 2H0) s added. .
The mixtere of clinker and gypsurm powder i3 known, a5 portland cement. It
i #bomed in sllos From wihich it is bageed oriaded for shipment,
The fiow diagram for the manaachare of portand comant is shownin Fg 2
WNobe r
* The partlsnd cement will retain its cementing qualkivy untl il cemes in -
sonkect with moisture. Hence, it should be stoned in o dry and airtght
location.
s When bagged cemant is in storage for long durations it semietimes -
@oquires & manshouwse peck”. Thiscan ussally be cormected by rolling the: |
bag o the door. 8
a  Portland cemnent should be free of humps and free fowing when wed, ;-
It is advisable not to use a cement which containg lumps that canmot be ¢
manity brolen up.
4.2 - Chemical Composition of Partland Cemant

Portland cements are composed of following four basic chemical compounds::

E = Mo, Narmg Chersice! formula Abbregistion
g “,.m".......u..... E&wﬂ# 3O R, O35
& | e silicat 2Ca0 S0y Cf
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(@) The line (Cald) component (ie. ealearcon i i

] A : i sous materialn wach sy Araponite,
Calate, Marl, Shale and Vimiestone) ; (b) The silica (%ir A} enmnporent fie, "..jlfgn":"'ju:'i
materials such as clay, mirl, shale and sand) ;

() Thealurmiag (4] g renpontent (e,
Argillaceous imaterials such ae alumiri-um-ore refuse, o alby, fly ash aned shale) ; fa) The

ron (FeO4) eongponent (e, Terriferous wwlerials such an cloy, iron ore, il sesle sie, J

Manufacturing process, The manufacture of portland coment invel e

of skills of engineers, chemists and technicians bo COSare 8 un

R rLER PR
actual manufacts

{0 Crushin

Sand and elay
Taw maker

ring involves the following operations :
ing: Itis done in primary crusher (which reduces the
to an approximate

3/ 4-im}.

{

l-:i.ln :i.:;. =

_}!Gh 1. Pros and Cons of dry and wet Processi

ruf Df]l Process "‘--""'.'li-‘h"l.'l' Proceis -:
1. Itis o show snd costly poocess It is comparatively foster And cheaper
prociess, |
2.  Cost of production of cement is less, as | Cost of production & samswhat higher
the fuel consumption is low. Shorer ldin | because of the hdghar feel sonsumpton, |
issufficiont. Az longer kiln s nesded o drive off the
RS WELar,
2. The gquality of cement produced @5 | The quality of cemen: prodused is
infeErior. romewhat suparis:, 4% more asccurpis
1 sontrel of composinam cenBe attaited.
4. This process is adopbnd when the row | This process o prefersed when e raw
materials ace quite hord. matesials dre soft
5. This process is not suitable when the | This process has o be adopted in thia
maisture content of 15% or mose, x4 it &
uneconormdeal o drive, away  the
excesslve guantby of moisthare,

ifrarrr product, The

; size of Brmestione
1y 5-in) and in secondary crusher (it further eeduces the size to
1) Mixing. It begirs with the acquisition
- Thigse are mixed either by thi d
%! . which are stored in the bins are
to the grinding mill. The
bins. The wet process (in ‘i?

of raw materials such as limestone,
Iy process or by the wet process. The
first proportioned and then dolivered
Prmw:;iunﬂ a fine ground powder, [t is stared in
Presence of water) resulks i y webrich Is rovisce
and pumped to storage basins. : RIS W R P
(i) Buring. Both dry and wet Processes
results in actual chemical chan
length 30-160 metres and diameter 2-4 metres. [is inside

brick refractory. It is slightly inclined downwards boverar
rotated atd

food ratary Lilns whers burndng
long steel cylinder with
surface is lined with fire

: ds the exist end. It can be
esired speedsas it is mounted on rollers. The raterial is fed bn

Eiln. frorn the upper end. As the kiln rotates, the mate

upper to the lower end at a rate controlled by the slope

kiln. The kilnis heated (using solid, iquid or gaseous

upper end is cooler. As the material passes through the kiln, its tem

raised to the point of clinkering temperaturs where the actusl chem
. take place. In fact, there are dilferent zone in the rotary kiln, viz

the robary
rial passes slowly from the
and speed of rotation of the
fuel) from the lower end, The
EeETEbareE is
izl rexchions
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(x) Compressive strength :
After three days : = 1600 Ib/sq. inch
After seven days : = 2500 Ib/sq. inch
{xi) Tensile strength : _
After three days : = 300 Ih/sq. inch
After seven days : = 375 Ib/sq. inch

3.5 Physlcal Properties of Po ritand Cement ‘ 3 o
(i) Fineness. It affects the hydration of cement. For a given weight © Eeé:rnei
the surface area of the grains of a Ej.rhe-grnund cement 15 Eﬁa}tﬂ ﬂ‘ri’m f?fi‘: :1 3
ground cement. Hence, hydration process pccurs more rapidly in a fine-grout %
tact with more surface area. The cement should not be

ground too finely because there is a_p:qysihility of preh_g,cd:aunnd:mtu ac-:idm_t:ﬂl
ontact with moisture vapour during manufacturing and storage. This results in
loss in cementing properties of the material.

In general, the finer a cement is ground, the higher the heat of hydration and

resulting accelerated strength gain.

(i) Soundness, It is the ability of a coment to maintain 2 stable volume after
setting. A sound cement resists cracking, disruption and eventual disintegration of
the miaterial mass. An unsound cement has excessive amounts of free lime which

_ isenclosed incement particles. After the cement has set, when the moisture reaches
" the lime, lime expands with considerable iorce, disrupting the set cement.
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34 181 Specifications of Portinnd Cement

Specifications for crdinary portland cement 25 por Indian standard : 268-1675,

are given balow :

1} Lime saturation mm.__n-.u_nﬂr

(i} The ratio ﬂﬁﬂf

Adaln

Tal) - 07 S0y
EE S +1.2 AlDa - 0ES Fealn
=84 b 102

shall not be keas than .55

{iif) Insocluble residue should not exceed 2%

{iv) The weight o

(oiff) Setting Hmes:
E-3

Afver seven days:

Afver twenty Eig

.

{ magnesia (MO : should noteveesd 6%
(v} Total sulphur contents, caleulated as sulphuaris anhydride (S07) shall.
not be more than 2.75%

(o) Loss onignition shall not exceed 4%

(p#) Fineness not to exceed V0%, after sheving the residue (oy welgnt) on
‘RS, 170-muesh besk sieve,
Indtial = 30 minubas

Final = 10 hrs.
(ix) Heatof hydmtion: .

s a5 caligm

bt days: <75 cal/gm

i R Sl
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() Puzzolana Cement. Itis oldest cement invented by Romans. [t was used by
them in making concrete for the cvo:::naln.\»tu.nn of wa!J__rr and domes. ik
Preparation : This is made by mixing and grinding of nawral FUﬁﬂLﬂm #
slaked lime. Matural puzzolana is deposit of valcaric ash preduced by raFld
cooling of lava. Lava in turm is a molten mixture o cilicates of calcium, iron an
aluminium.
Puzzolana cements form hydraulic cerienting materials,
Properties. They also possess hydraulic properties.
Applications. They are first mixed with portland cements and then used for
different applications. :
(c) Slag Cement R
Preparation. It is made from hydrated fifni anil Blast fufnace slag. A mixture of
ealcium and aluminiam silicates (i.c., blast furnace slag) 1s granulated by pouring
it into a stream of cold water. Subsequently, it is dried and mixed with hydrated
lizne. Then the mixture is pulverized to fine powder. Sometimes, accelerator like
clay, salt or caustic soda are added to hasten the hardening process.
Properties:
{i} Slagcements are slow setting,
{if) They are poor in abrasion-resistance and
(iif) They have lower strength
Applications. Because, of the above shortcomings, slag cements have very
limited applications. It is used for making concrete in bulk construction. M
(d) Portland Cerzent. Itis made by caleining (at about 1500°C) an intimate an<d
properly proportioned mixture of clay and lime containing raw materials. Afrer ™~
calciription, retarder like gypsum is added. -
is discussed in detail in the following sections.

3 / PORTLAND CEMENT
Portland cement is also known as “magic powder”. It consists primarily of
5 compounds of lime, silica, alumina and ircn. Tt forms a paste whan mixed wiih
= water. This paste subseqquently hardens and binds the aggregates {crushed rock,
% sand, gravel, etc.} together to form a hard durable mass called concrete. This,
ent is one ingredient of concrete.
- William Aspdin is generally recogrized as the father of the modern portlond cemznt
L industry. Because in 1824, he produced an improved cement by heating a mixnire
" - of limestone and clay and crushing the resulting product to a fine powder. The rrame
+ - portlant cement was used because this powder, on mixing with water, set io give a
- hard, stone-like mass which resembled stone quarried on the lsle of Portland,
-England. )
i Purﬂandmﬁrtisat}rpenfcemmt,mtahrandnama.ﬁdwmtmmujac—
portlarid-.cement. All portland cements are hydraulic cements because
harden under water.

nutacture of Portiand Cement

“ Raw Materials. Raw materials required for the manufacture of Portland
merit may be divided into those supplying

-
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Cements

“Health is the primary requisite for all activitics : physical, intellectuat and
- | spiritual®,

1  INTRODUCTION
In this industrial age,the concrete is the most widely uzed non-metallic

material of construction. It is used for the construction of buildings, bridges, high
ways, dams, run-ways for the aircraft ete. The essential bonding materiol, which

bmdss.und and rock {(when mixed with water) in concrete is cement. In this chapler
I discuss cement (its classification, composition, manufacturing methods

decay), lime, plaster of paris and their setting and hardening,.

CEMENT AND ITS CLASSIFICATION

Cement is a material which possesses adhesive and cohesive properties and
capable of binding materials like bricks, stones, building-blocks ete.

Classification of Cements
There are four types of cements viz. Natural, Puzzolana, Slag andPortland

cement. These are briefly discussed below :

- x "
T e R o R e e

whe

[ lassification of Cements J

Puzzolana Slag Portland

(a) Natural Cement
- tiom. It is made by calcining a naturally oceurring argillaceous lime-

stone at a high temperature and subsequently, pulverizing the calcined mass,
Calcium silicates and aluminates are formed by the combinatiorn. of silica and
alumina with calcium oxide during calcination.
: : [l i
() It possesses hydraulic qualities,
(if) It is quite setting cement, and
(iif) It possesses relatively low strength.
(combfnation of sand with natural cement) is used in laying




