Cement
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1.2

Introduction

Cement is an extremsly line malerial having adhesive and cohesive properties which provide a
binding medium lor the discrele ingredients.

The cement is a product obtalned by pulvarizing (lo make into a powder form) ¢linker formed by
calcinaling lhe raw material preliminary consushng of Lime {CaO) Sﬂ[cale (8i0,), Alumina {A),0.)
and Iron oxide (Feaoa) :

Whencemesnt Is mixed with watarﬂ lorms a paslawh]ch nds agglegales (f ne and coarse) logether
to lorm & hard dumb!e' 'called concraua -

The cement whmh 15Tine lnnalura Is assums 10 have good semng pmperty, finer the grains of the
cemenl more |s 16 simnglh ofcernem ’- o, .i- -

Thecementis havlng good heatol nydrat on due to whlch it sets earty as oompared 1o ather binding
malerial like lime, - -

The cement expenences the exgthermic chemlcal reachon when comes ina contact wilh water.
The cement Is assume 0 have a specific gravuy o[ 3 15

Joseph Asp din nanu(actured cament and called Poriland cemsnt because when it hardened, it
produceda matenal resembhng stone from the quarrlas near Ponland in England.

During gnndmg of clirker. “Gypsum or p1asler of Paris™ is added to prevent flash setling of the
cement. The amount of gypsum is abom 3105 per cem by we1ght of clinker. Il also improves the
soundness of cemem

The common calcarecus malenals arelime slene, chalk marine shell and marl.

The argiflaceous materials are clay, shale. slale qnd selecled blast furnace sfag.

The processes used lor the manufaclure of cement can be classilied as dry and wel.

The ideal nel weight of cament bag is 50 kg and volume of 0.035 m”.

Cement and Lime
Following points of dillarences may be noted belween ordinary cement and lime:

1.
2

The cement is used for the gain of early sirenglh whereas lime gaihs he slrenglh slowly.
The cement and lime color are dillerent,



3. Thecementandlime bothis a binding material having good ullimate slrenglh bul lime experiences Dry process:

less early srength as compare lo cement. -
1.3 Manufacturing of Cement [ Gy ] [ Coshies ]
= Thecementis manufaclured by inlegraling the calcareous component and arglllaceous component [Fre Gntrg natimits & T mats | [F BAmh & Yinmls |
inratiool 3: 1., - _ [ Surps o] [ Songoton |
* The calcareous component can be limestone, chalk, marine shells, merl wheress argillaceous : Chomd [ Wogoared ], Chanoed
components can be shale, clay, blast furnace slag, slate. FW
* The calcareous component is used fo derive the ingradient called Jime whereas the argillacecus i [ Probaatng € 80¢° by axhani pmas |

componant composed of silica, alumina, iron oxide and olher impurilies.
(&) Wet process: !
* [tis ihe old method of manufacturing which is now a days obsoleied.
* Itis a coslly method of manulaciuring because it requires higher degree of luel consumption,
power consumption. - ST '
* Inlhis procéss the pr'eﬁqater is not usad. ' ) T h 7 \

| Seags ook for rowemix ]

Fusl fod from komr Fod o rlay i

| Catcaroous Matorlal (Limo Stong) | | Astiacacus Matorial (Ciay) |
. N LY : s, Iirst calcareous Eomponénis (imesiohe) and argiflaeous component (clay or

shale} is redudad in 812 about 25 mmin d'cnishars separately in 2 ball mifl or jube mill.

R

Sloroga basins (silos)

. Chonno)__["Wet grinding mil Ball i) |_ Chanvet - |-

lo mako sfurry T .

[ Blanding of slurry W corract composiion _}

I Stomgo of canoclad sturry ]

Fudl fod from lower -
End {Cen!, qil or —--{ Conrocted slury fod o mowary kit {from uppor and) —I
nalurol gas) A

[ Slurry comvertod lnto dinkgl

"I Clinkers nro ground Ineallmill} : a
of gypsum
:
Flow diagram of wet proeass . ‘ i
{b) Dry process: ' ] | N ,

* Nisanewmethod ol manufacturing which is rending now adays, Ol
¢ The tuel consumplion, pov.er consumplion has been reducet Lo a grealer exlent by modifying - Fig. Vertical Seciion of a Ball M3t
the wet process. .




Flg, Langituniial Soction of @ Tut AN

The calcareaus component and éigiuac,ems componai alter grindiry are mixed with sach other in
@ correct proportionand made it ready for next operation in rotary kiln.

Belore feedng ima rofary kn!n thetaw mibx ig e{!owed { preheatenat a lemperatura of 850°C which

‘Flg. Rotary Kin
Diameter = 250 1o 3metre :
Length =90 120 metre
Volume=706.3m>
Laid Gradieni = 1in 2510 1in30°

Revoluiion =3 round/min about longer axis.

Nodula Zone: In this zone calcination of limestone occurs and limestone gel disintegrated into two
parls i.e. imeand carbon dioxide.

CaC0; — g Ca0+ CO,(T)

As the CO, s evaporaled from the raw mix, the raw mix gel converled into nadulgs,

Burning Zone: In (his zona lhe ingredients of calcareaus and argillaceous component i.e. lime,
silica, alumina. ironoxida elc. get united wilh each olher al a very high lemperature and Lhis process
is called fusion.

2Ca0 + §i0, ——Ca,8i0, = C,S (Dicalcium Silicale)

3Ca0 + 5i0, —— CaySi0; = C,8 (Tricalcium Silicate)

3040 + ALO, —— Ca,Al0; = CyA (Tricalcium Aluminate)

ACa0+ ALD, +Fe,0y —Ca,ALFe,0,y = C,AF (Telra-calcium Alumino-lerrite)

The product obtained lrom rotary kil is called clinker which is composed of major compound
{Bougue Compound) and Minor Compound i.e. Alkalias {Soda and Polash).

The clinker composed of (Bougue's compound) and Minor compounds i.e. Alkalies (Soda and Polash)

The clinker is having flash set property i.e. quick setiing property when it comes in contacl with
maisture. Therafore, the retarder is added 10 the clinker by its wexghl i, 8. 2to 3 percenl,

The ratarder is edmixtura which delays the samng hme of the ceiment cllnker

The ullimately bnndmg materialis C - § - H gl ka Calmum smcala hydrale gel which is formed
whan the hydratlmol cement lakes p!ace S -

l aawmawano'ruimm T shele feacar L e ot J
I Oﬂawrpmlﬂ&nhm maledals Ca0 Si0, ALD, Fe0y °  ° |

On buming l clinkor formed

8 55 GA CAF ‘ l
On l grinding chnker

Various types |

On l hydretion

‘ Products of hydration G- S—H ol +CaOH), ' - l
1.3.1 Composition of Cement Clinker
Table
r“” v ! ln‘lso:'ttn,n d ! Fi b - ) Hama Symbel ann_ugo
1. Trcaldium sitcate 3Ca0 - Si0, Alila CyS 30-50%
2, Dienlelum silicate 2Ce0 - Si0, Bolilg cS 2045%
3, Tricatgivm aluminato 3C20 - AlOy Caiito cA 812%

4. Tolrocalcium alumino ferrilo 4Co0 - A0, Fo, 04 | Folite C.AF 6-10%

Besides major compounds, minor compounds are also larmed that are:.Soda (Na,0O} and Polash
{K,0). These lwa minor compounds i.e. Soda and Polash are responsibié for Efflorescence in a
cement concrete and cement rmorlar,



.

Efflorescence: Efllorescence is the migralion of the salt to the surface of porous malerial, where il
lorms a coaling. This process involves the dissolving of internally held salt in waler. The waler with
the salt migrates to the surface, tn2n evaporates, leaving a coaling of salt.

Il is found that ardinary cemant achieves 70 percent of Its final sirength In 28 days and 90
percent In 1 year.

The sirengthin a cement is majorly depends upon the Bougue compound. The properlies of Portland
cement varies significantly with the propartion of four Bougue compounds.

1. Trleslcium Silicate C,S - {30 lo 50%)

-

2. Dlealcium Slicate C,5 - (2D to 45%)

-

It is considered as a very good slrenglh cormpound. Il enables the clmker lo grind easlly.
Il hydrates rapidly generates high heal and develop early hardness and strenglh.
Itincreases the resislance Lo freszlng and thewing,

Rasing ol C,S contenl beyond specilic limil tha heat of hydration increases.

The hydrauon of C,S is mainly responsible tor 7 days strength and hardness.

The C:,S is responsnble nol only for tha galn oi sueng!h at ear{y days but contribules
consnderably uplo 28 days. K

llisthe only compound which has maximum contribuuon in28 days sirength, ilis responsible
for gain of sirength from 24 hours 028 days whem |l conlnbules {max)uplo 14 days.
Tha hieat of hydration is 500 J!gm !

It hydrates and hardens slovdy and lakes long uma to add lo\he slrength. itis responsible
lor u!Umate strength. .

It imparts reslslance o chemical attack

Hansmg 'C,S contentin cement reduces the eafly slrength

Hausmg C,S content, decreases (he resistance lo I‘reezmg ‘and lhawing al early ages ang
decreases heat of hydration.

Al early days C,S has lile influence on sirenglh and hardness, where aller a year its
contribution is sama as C,S In strength and hardness.

The C,S is a stable compound because in a low heat cement C,S contant is more as low
heat camenl is stable cement wilh respecl to durability of structure,

The conlribution of C,S starts fram 14 days and remains upto 1 year and or so.

Alter 28 days the gain of strength is due o C,S.

The heal of hydration 260 Jfgm.

3. Tricalcium Aluminate C,A (8 to 12 %)

It rapidly reacls with walter and is responsible lor flash sel of finely grounded clinker.

The llash set propeny of cement clinker is prevenled by adding a relarder gypsum 2%
10 3%.

Leasl siable compound because it is responsible lor maximum heal of hydration and very
less durable with respecl 1o susceplible cracks in structure.,

Any cement having C.A content more is liable for sulphur allacks.

Il contributes in 24 hours strengih after addition of waler but il cntribule less.

I has heat of hydration 865 Jigm.

4. Tetra-calclum Aluminate Ferrite C4AF (6- 10%)

.

Itis also responsible for high heal of hydration as compare to C,S and but less than CA.
Its contribulion in sirengih is very less.

1 Is having contribution within 24 hours of adding water 1o the cement.

The heat of hydration 420 Jfgm.

*“Theralé ot hydration 1smcrsased by an lncrease In fineness of cement, Howovey, lolat heat
evorved ls lhe same. The lale ol hyd(alcon ol thg prlmpal mpounds is shownin ﬁgu:e
Hing descendmg order C, AF>63A> G‘.,S > c,s .

%

e o - .
AR O | . 10 1E0
S AT nmaogmh)-days )
' Rpmhdfmmo{mw:’

Flale ol hea: evolution of Bougue compound. i equal amount of eachis cons;dered wiltbe
in iollewmg dsscend’ng order d
C,A (865 J!gm} > c:,s {865 Jlgm) >C,AF {420 Jigm) > C,8 (26().!{9!11)

. o | Hoatof mnu»:n ol tha pivon ogo (g}
v 3 days S0days 13 yonrs

[ X5 24244 434,72 508.86

S 50.16 175.56 24862

880.16 129998 | 1354.32

CAF 28842 408.64 42636

Hoat of Hydratlon
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Cmsemem{y {ree)lme will enst inthe cﬁnker and wil
silica content af
clinker,

Rate of setting al eement pasxe ts cemrclted by regulaung the ralic ESEO,‘J(MZQ3 +Fe,0,)

When devetopmeﬂof hea! of hyglalmn is undesrrable ihe snllca contanl is increased 10 about 21
per cenl. ang the aum!naand irom oxide contants aré i.mhed 10 6 per cent each.

Resistance 1o lhe aclionof sulphalé waters is increased by raising further the silica content to 24 per
centand reducing the siumina ang iron conlentsin 4 per cenl each,

Small percentage of iron oxtde renders the highly snl:ceous raw malarials easier to bum,

! result in an unsound cemenl. Anincreasein
upen*seof a!umma and ferrlc ox!de makeslha cement difficull tofuse and form

. " . Jeble
Constiluents * - . " T Porcentage - | Ava ga p 8
Limo (Ca0} 621067% 62
Sikea (SiC,} 17t025% 22
Arueming (,00) lio 8% 5
Caldum Sulphate (CaS0,} 3iod% 4
tron oxide Fo,0,) 304% a
Magnasia (MgO} 01103% 2
Sulphur 1103% 1
Sodaond Poiash (No,0+K,0) | pginqa% 1

Lm (Cs-t)): This is the important ingredignt of cement and ils proportion is lo be carefully mainlained.
Thelimeinexcess makes the cement unsound and causes the cement to expand and disinlegrate.
Onthe ether hand, if ime fs in deliciency, lhe strength of cement is decreased and it causes cement
1o set quickly.

1.4

Sllica (S10,): This is also an important ingredienl of cement and il imparts strength 1o the cernent
due 1o the formation of dicalcium and tricalcium silicates. {f sllica is presentin excess quanlity, the
sirength of cement incraases but at the same time, lis selling fime gels prolonged.

Alumina (ALO,): Thisingredient imparts quick selling propaty t the cement. It acls as a flux and
it lowars the clinkering temperalure, However high temperalure is cssential {or the formation of a
sultable type of cement and hance lhe alumina should nol be present in excess amounl as il
weakens lhe cemenl.

Calclum Sulphate (CaS0Q,): This ingradient is in the farm of gypsum and ils functionis to increase
the inilial setting time of cement.

Iron Oxida (Fe,0;): Thisingredient imparis calour, hardness and strenglh 1o the cement.
Megnesia {MgQ): This ingredient, il present in small amount, imparts hardness and colour o 1he
cement. A high content of magnesla makes Lhe cement unsound.

Sulphur (S): A vary: small amount of sulphur i IS useful in makmg sound cemenl {fitis in excess, il
causes unsoundnessin’ 'ement

they cause a number :
usedin ooncre brlc

The chermcal reacﬂon hal take place, belwesn cement and water IS, telerred 10 as hygration of
cement. " -

The hydralicn of cemenl can be v:suahzed m two ways wz 'lhrough soluuon and "solid state” lype
of mechanisms” -
The reaction of camantmlh water is exothermic i.. tt Iiberale's é consldetabre quanlily of heat and
this liberated heat is called as heat of hydratlon. .

The hydralion process isnotan :nslantaneous one, The teaclion is Iaster in the early periods and
conlinues indefi nllely ala decreaslng rata.

During hydration, C,8 and C.S reuct withwater ard calcaum snlscale hydraie {C-8-H)is lormed along
wiih calcium hydroxide [CaIOH)zl '

Calcium silicate hydrate is the most important product of hydralion and it determines the goad
properlies of concrate.

2(3Ca0 Si0,) + 6H,0 - 3Ce0 28i0,- 2H,0 + 3Ca(0H),
or il can bo wrilten as:

2C,5 + 6H — C4S,H, + 3Ca(OH),
100+24 575+ 49
The carresponding welghls involved are
Similarly.

2(2Ca0-§i0,) +4H,0 — 3Ca0. 2310;. 3H,0+ Ca(CH)a
or il can be willen as: .
2C,8+4H — CyS,Hy + Ca(OH}, *
100+21 -2 99+22



The correspanding weighls invoived are:
2C;S + 6H— C,5,H, + 3Ca{OH),
2C,5 + 4H— C.8,H, + Ca{QH),

Yebls ; Permissibio Limits for impuritios In Water

T impuritys | 1> Panmldsibio Limle <57

Organic 200 mglf

Inorganic 3000 mgit

Sulphalos (So,”) 400 my!t

Chioridas {CI') 2000 mg#i for ploin concrete work,
500 mg! for roinfarend concrolo work

Suspondod matter 2000 mgi!

llcan be seen lrom the above raaclions ihat CQS produces a cornparallu’ely less quantily of calcium
silicate hydra!e and mora quanluy ol calcium hydmmde ihan!hat o ed in the hydration of CS.
Calcium hydrox:de ls Tota deslrable product tn 1he e s'solubie inwater and gets
leacheo aul lhereby making Ihé concrete poraus, paﬂ:cularly in hydrauhc structures,

C,Sreacts rather smwly and |t [ responmbla forstranglh ul concrete at fater slage. It praduces less
heat of hydratmn I .
The fack of durablllly of l:oncrele is on accoum of the prosence of 'lc;urn hydroxide.

The calcium hydroxlde alsoreacts with ‘sulphates | presenl i Sclls ¢ orwaler toform calcium sulphate
which further reacts wnlh C:,A and cause delenorauon ‘of concrete. Thisis known as sulphale altack.
The only advanlage ‘ol calcium hydroxide'is that belng allcalme an nature it mainlains pH value
around 13inthe concrete which resisls the corroslon of re.nforcemems )

From (he view/ pomt of hydralion, il is convertent fo discuss C;A and C,AF fogelher becausa lhe
producls formed in the presence of gypsum are similar. Gypsum and alkalies go into solution
quickly and he solubility is depressed. Depending upon Ihe concentration of aluminale and sulphate
jonsinthe solul:on Ihe pracipitating cryslalline producl i8 either.calcium alumlnate trisulphale hydrate
or calcium alurminate monosulphale hydrate, The calcium a1ummale ti lsulphale hydrate is known as
Ettringite. - - . . -

It has been estimated (hat on an average 23% ol water by werghr ol cementis required for chemical
reaction wilh Porlland cemenl compounds. This 23% of water chemically combines with cement,
and thereforeilis called as bound water.

A cerlain quantity of waler is imbibed within tho gel pores. This watr is knovm as ge! water. The
bound waler and gel waler are complimentary lo each other.

ILhas been estimaled thal about 15% water by weighl of cemenl is required 1o fill up the gel pores.
Therelore, a total of 38% of waler by weight of cement is required for the complele chemical reaclions
and occupy the space wilhin gel pores.

It water equal to 38% by weighi of cementis only used then il can be noliced that the resullant pasle
will undergo full hydration and no extra waler vill be available for the lormauon of undesirable
capillary cavilies.

Il more than 38% ol water is used, then excess water will cause undesirable capil!ary cavitles
which ultimately reduces the sirenglh of the cament concrele.
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1.5 Type of Cements

There are dilferent lypes of cement «s classified by the Bureau of indian Standards {BIS):
{i} Ordinary Portland Cement

(a) 33 grade - IS : 269-1988
(o) 43 grade - 1S : 5112-1989
(c) 53 grade - 1S : 12269-1987

(i) Rapid Hardening Cemenl -5 : 8041-1880

{iiy Exira Rapid Hardening Cement

(iv) :Low Heat Portland Cement = IS ; 126001889

(v) Portland Stag Cement - 1S ; 455-1988

(v} Porlland Pozzclana Cement - 1S : 1488-1991(Part 1 and 2}
(vil} Sulphate Flesusnng Portiand Cemeni - 15 - 12330-1988 i
(vili) White Portland Cemedl - IS : B042-1969 a
(ix) Coloured Porﬁanc} Cemant - IS,. 8042-1889

{x} Hydrophobic Cement - IS »8043-1891

(x)) High Alumina Cement - IS : 6452-1989

(xii)QSuper Sulphated Cemeant -

IS :8909.1890 .

(xiil) Special Cements

5)] MasonryCemént'
{b) AirEnlrainingCemenl
{c) Expansive Cement
() OilWell Cement

Ordinary Portland Cement (OPC)

Itis obtained by Pulverizing argillaceous and calcareous material in correct proportion.

'Porlland cement is mosl commaon variety of arlificial cement and most commonty known as O.PC,
{Ordinary Portiand Cement).

It is available in 3 grades:

{a} OPC-33 grade{IS: 263-953)
{b) OPC-43grade (IS:8112-1889)
{c) OPC-53 grade(IS: 12269-1987

The number 33, 43, §3 corresponds Lo 28 days characlerisiic compressive slrengih of cament as -
oblained from srqndqrd testoncement sand mortar (1: 3) specimens.

The OPC 33 is recommended for concrete mix having strength upto uwmswm (MPa)
20 Nfmmé e, M20. A{OPC 33} 326375
These are most commonly used in general concrete construction, | BoPC2) | 375-425
where there is no exposwre (o suiphates. ClOPC43) | 425-475
Due 10 high fineness, the workability of concreteincreases foragiven | DIOPC43) | 415-525
waler-cement ratio. 1510262 has classified the OPC gradewise from m:; :12':::;':
“Alo F* based on 28 days comprassive sirengih as lolfows: -
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Ris presently avalable i thvee ierent grades viz, OPC 33, OFC 43 and OPC 53. The numbers 33,
43 anef 53 coriespond to ithe 28 days charactaristis) compressive sirength of cement as oblainad
from standard fests on coment:sand mortar specimans, .

itis used in gengral concrele sonstruction whare there is no exposure 10 sulphates in the soil or in
ground watet, 5

Rapid Hardening Cement (RHQ)

L

-

-

lis finer than ordlnaryPorﬁand cemenl. \
It contains more C,;8 and less C,S than the OPC. -

The 1day strength.of lhis cemént is cqual lo the 3 days strangth of OPC with the same water cement
ratic. v.\

The main advantage of rapid hardamng cement is that shuttering may be remaved much earligr,
thus saving considerable iméatd expenses.

Rapid hardening oemem:saisn used lor road work where itis lm peramre 1o apenihe road traffic wilh
the minimum deiay

Cost of Rapid hardening cemenl isnearly 10-15% more than OPG

It can be salaly sxposad to ﬁ;ost as {L matures more guickly.

Extra Rapid Hardening Cement (ERHC)

It is obtained by mrmg ca!ciurn chioride (not exceeding 2% by weight of lhe rapid hardening
cement)wilh mpld hardemng cement.,

Addilion of CaCl, Imparts quick setting properties in exira rapid hardensng cemknt.

The accaleration of setling, hr8ening and svolution of healin tha early period of hydralion makes
this cement very sultabla for concrating in cold waathers.

The 1 or 2 day strength of extra rapid hardening cement is 26% more than that of rapid hardening
cement.

The gain of sirength dnsappeaiswﬁh age and 90 days sirength of exira rapid hardemna cement and
rapid hardening cement are nearly the same.

Use of extra rapid hardemng cementis prohibited in prestressed concrele conslruclion,

Maximura time of using this cement is 20 minute or mixing, transpaorting, placing and compaclion,
i

fow Heat Cement (LHC)

L

Itis a Porlland cement which is obtained by reducing the more rapidly hydraling compounds C.S
andC,A and increasing C,S.

As per the Indian Slandard specifications, the heat of hydralion of Tow-heat cement shall be as
foliows: . :

7 days - not more than 65 calories per gm

28 days —not more than 75 calories per gm ,

Since the rate ol gain of sirangth of this cementis slow, ence adequale precaution should be taken
in its use such as with regard ta rermoval of larmwark, ete,

LHC is used in massive construciion works like abutinenls, relaining walls, dams, elc. where the
rale at which the heal can be lost at the sutface is lowar than al which the heat is initially generated.
1t has low rate of gain of strenglh, but the ulimate srenglh is practically Ihe same as that of OPC.
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Portland Blast Furnace Slag Cement

This cement is made by intergrinding Porland ¢-~ent clinker and granufatled blast furnaca slag.

Tha proportion of the slag being not less than 25% or more than 65% by weight of cement.

The slag should be granulated blast furnace sfag of high lime contant, which is produced by rapid
quenching of molien slag obtained during the manufacture of pigiron in a blast furnace.

In general blast furnace slag ceiment s found 1o gain strength more slowly than the ordinary Portland
cement. '

Tha heat of hydration of Porlland biast luinace slag cement is lower than that of OPC. So this cement
can be used lor mass concreling but is unsuitahle for cold weather.

It has fairy high suiphale resistance, rendeting il suitable for use in environmenls exposed to
sulphales {in the sail or in ground water}.

Itis used (or all purpose for which ordinary Portland cement is used.

Because of its low heat evolution, it can be used inmass concrete slruclura such as dams, loundalions
and bridge abutments. )

Portland Pozzolana Cement (PPC)

Il can be produced elther by grinding togelher Poitland cement clinker and pozzolana with the
addition of gypsum or by blending uniformly Portland cement and fine pozzolana.

As per lhe lalest amendment, the propartion of pozzolana may vary [rom 15 lo 35% by weight of
cemant clinker, Earlier. it was 1010 25%.

A pozzolanic material Is essenlially a siliccious or aluminous material which in ilse!l possess no
cementitious properties, whichin finaly divided form and in Lthe presence of waler reacts with calcium
hydroxide, liberated in the hydralion process al ordinary temperalure lo produce compeunds
possessing cementilious properties. This is known as pozzolanic aclion i.e.

Ca(OH), + Pozzolana + Waler— C-S~Higel)

The pozzolanic materials ganerally used for manulacture of Portiend pozzolana cement are calcined
clay (IS : 1489 part 2 of 1991) or fly ash (IS: 1469 part 1 of 1991).

Fly ashis a vraste material generaled in a thermal power slalion, when powdered coal is used as a
fuel.

PPC produces less heat of hydralion and offers greal resistance to the attack of impuiities in water
than QFC,

PPC is particularly useful in marine and hydraulic constructions, and other mass concrele siruclures
The disadvanlage of using PPC is thal lhe reduclion in alkalinily reduces Lhe resistance o corrasion
ol stee! reinfarcement. But considering the fact that PPC significanlly improves the permeability of
concrete, thereby increases the resislance lo corrosion of reinforcement,

This cement has highe resistance to chemica! agencies and Lo sea water because of absence of
hme.

It evolves less heat and ils inilial strenglh is less bul final slrength (28 days onward) is equal lo
oPC, )

It has lower rale of development of sirength than OPC.
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The average compressiva strength of cement mortar {1 : 3) at

() at1dayx1hr 16 MPa (Minimum)
(i) at7cayx2hr 22 MPa (Minimum)
. {iii) at28day £ 4 hr 33 MPa (Minimum}

Acid Resistant Cement (ARC)

An acid resislan| cement is compased of the following:

(i) Acid resislanl aggregates such as quarlz, quariziles, elc.

{ii} Additive such as Na,SiF, (This acceleralas hardening).

{ii) Solution of sodium silicate or soluble glass (sodlum silicale is 2 binding material).
The addilion 0.5% of finseed oil or 2% of cerussile increasas resistance to water also.

Sulphate Res:stlng Cement {SRC)

The Portiand cemen\ wilh low C;A and C,AF and ground fi ner |han OPC is known as sulphate
resisting cemenl and generally C;Sand C,S kept about 45 % oach.

This cement is sulphale-resisiant because (he disintegration of harden concrale caused by the
chemical reaction of C,A vAlh soluble sulphate Ime MgSOa, CaS0, and Na,80,is inhibited.

The setling lime ere same as thal of OPC

The comprassive strength of tha cubes should be as lallows*
3 Day £ 1hr = 10 Nfmm? :
7 Day + 2 hr = 16 N/mm?

28Dayzdhr= 33 Nfmm2

This cement is “sulphalte resistant™ because ha disintegration of concrele caused by the reaclion of

C,Ain hardaned cement with a sulphate sall from outside is inhibited.

It is used in marine struciures, sewage reatment works, and in foundalions and basements where
soil is infesled wilh sulphales.

However, recent research indicates thal the use of gulphale resisting cement is not benelicial in
anvironments where chlorides are present.

Coloured Cement (White Cgment)

The process ol manufaciuring white cement is the same but the ambunl of iron oxide which is
responsible for greyish colour is limiled to less than 1 per cenl.

Sodium Alumino Farrite (Cryclite) Na, AIF,; is added 10 act as llux in lhe absence of iron oxide.
The propertics ol white cement is nearly same as OPC.

Whiteness o! while cement is measured by IS! scale or Hunler's scale,

The whileness should not be less than 70% on 1S} scale and on Hunler's scale it is generalty 80%.
The sirength of white cement is much higher than whal is stated in IS : 8042-1989, the code for
while cement. .

Grey colour af OPC is due lo the presence of iron oxide. Hence in white cement, Fe,0, % limited to
1%. Sodium Alumino Ferrile (Cryalite) Na AlF; is added 10 ac! as flux in the absence of iton oxide.

15,10 High Alumina Cement{HAC]
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Itis very dillerent in composition from Porlland cemenl.

in this cement the C,A content is very low due to which il is resistant to sulphur allacks ang
chemical attacks.

its sets quickly and allains higher ultimate strength in a shor period. lis sitength after 1 day is
about, 40 N/mm? and thal after 3 days is aboul 50 Nfmm?2.

Ilis characlerized by its dark colour, high early sirengih, high heat of hydration. :

The raw materials used lor ils manufaclure consisls ol limeslone {or chalk} and bauxile wh!ch isa
special clay with high alumina content.

The bauxile is an aluminium ore. ltis specified thal tolal slumina conient should not be less than32
per cent and tha ralio by weight of alumina to the lime should be betwesn 0.85 and 1.30.

it is resistant 1o freezing and thawing.

. lhas an Initial seting time of 3.5 hours and fingl sétting 1ime of aboiit 5-hours.

High alumina cement is very expensive to manulaciure, ’
Ilis used whare & riy removal of the lormwork is required.
lis rapig hardening properties arise fromthe pres=nce of calcium afuminale, chiefly monocalcium
aluminate (ALO,. Ca0), as the pradominan! compound in place of calctum silicales of Poriland
cement and for setling and hardemng thera is no free hydratad lime as in the case of Porlland
cement,

1t musl not be mixed wilh any other type of cement.

Quick Setting Portland Cement

In the manufacture of this cemenl, gypsum contenl is reﬂuced 1o get the quick selting proporty.
Also small amount of alurninium sulphate 1s added.

ILis ground much finar than OPC.

It sets quickly bul does not hardsn quickly,

Inilial selling lime = & minules, Final setting lime = 30 minutes.

1tis used when concrele is lo be 1aid under water,

15.12 Masonry Cement {I5: 3466)

Masonry cement consists of a mixture of Portland cement or blended hygraulic cement andpiasiiciziﬁg
malerials {such as limestone or hydraled or hygdraulic lime) logether with other materials introduces
10 enhance one of more properties such as setling ime, workability, water relention, and durability.
Addition of these malerials gives good workability, reduces shrinkage and waler retentivily.

This cement is used for masenry works, plaslet work sic.

This cement mdst npt be used for concrete work but used far Masonry construction, ‘
Masonry cemenl when used lor making mortar, incorporales all the good properiies ot lime mortar
and discards all the non ideal properlies of cement mortar,

1.5.13 Super Sulphated Cement (S5C)

tis made from well granulated blast furnace slag (80-85%), calcium sulphale { 10-15%} and Portiand
cemeni (1-2%) and is ground finer than the Partiand cement.
In this cement C,A, which is susceptible to sulphates is limited (o less than 3.5%.



Sufphale resisting cement ¢can ztz;o ke produced by the addition of extrairon oxide betore firing this
combines with alumina which whuld ctherwise farm G A, instead {orming CAF which is not affected
by uiphales. i

Ishewld be used in places with emperalure is below 40°C.

Compressive strength should be ac wllows: !
3Days1hr=15Nmm?

7 Day = 2 hr = 22 Nimm?

28 Day * 4 hr = 30 Nfmm?

it has low heat of hydration. I '

itis used for construction of dams and other mass co ncrelir’mg &oms.

Concrate made {rom super s&ib‘&ated cemen! may expand il cured in water and may shrink il the
concrete is cured in air.

It has high resistance to chemical aiiack.

w o

15.14 AlrEntraining Cement {AEC)

15.15

-

This cementis made by m»xmg a srral amount oi an alr entralning agent with OPC clinker atthe time
of grinding.

It is manufactured by mixing g smaﬂ amount of ir entralning agent i.e. 0.1% to 0.3% with OPC
clinker at time of grinding.

It ofters good workability due to which It is having higher initie! estting time than QPC.,

It is having lesser final selling time as compared (& OFC due lo which it offers resistance lo
{reszing and thawinp. 27

Alr entrainment improves vmrkabmiy and wlc ralio can ba reduced whichin lun red uces shrinkage '

ete.

It is yet not been coverad by mdian Standard so far.

Some of the air entraining agents are:

(i} Alkali salts ol wood resins.

(i} Synlhetic detergents of the alxyl-aryi sulphonate lype.

(i) Calcium lignosulphala.

1t produces lough, liny, discrete, non-coalescing air bubbles at the time of mixing in the bady ol
concrate vhich will modily the properties of plastic concrete with respect to workability, segregation
and bleeding.

Hydrophobic Cement

Itis obtained by intergrinding OPC with 0.1- 0.4 pert cenl of walar repellant mm-formmg substance
such as ofeic acid or stearic acid.

Thewater repeliant fiim lonned around each grain of cement reduces lhe rate ¢f daterioration of the

cement during long slorage, transportalion, o under unfavourable condilions.

The properties of hydrophobic cemant ase nearly the sama as that of OPC.

The cost ot this cement is nominally higher than OPC. i
Hydrophobic cement also features greater water resistance and water impermeability.

1.6

1.7

1.7.1

1.7.2

Field Tests for Cements

Colour: Grey colour with o light greenish shade.

Physlcal Propertiss: Cen'ant should feel smooth when rubbed in between Lhe fingers.

I hand is inserted in a bag or heap of cement, |l should feel cool.

If a small quantity of cemant is thrawn in a buckel of water, It should sink and should not toat on
the surface.

Presence of lumps: Cement should be free from lumps.

/l;éboratory Tests for Cements

Tests on cement are performed in accordance with 1S : 4032-1985 and 1S ; 4031 {Parts 11to 15)-
1988-99 (o assess lha lollowing: i
{iy Chemical composition _
(i) Nommal{standard)consistency
{iii} Initial and final selling times

{iv) Soundness '

(v) Swangth

(vi) Fineness

(vii) Heatolhydration

{viii) Specific gravity

Chemilcal Composition Test

Ralic of percentage of lime lo percentage of sifica, alumina and iron oxide known as Lime Satwration

Ca0-0750,
(2850, + 2AL0; + 0665Fe05)

Faclor [LSF), when calculaled by the formula shall nol be greatar

lhan 1,02 and not less than 0.66.

Ratio of percentage of alumina (Al,0,) to thal of iron exide (Fe,0,) shall nol be less than 0.66
Wetighl of insoluble residue shall not be more than 4 per cent.

Weighl of magnesia shall not be mare than & per cent.

" Totai loas on ignition shall not be more Lhan 5 per cent.

Total sulphur conlent calculated as sulphuric anhydride shalt not be more than 2.5% when C,A is 5%
or less and shall nol be more than 3% when C A is more than 5%.

Normal Conslstency Test

The normal {slandard) consislency of a cement paste is defined as thal consistency which will
permit a Vical plunger having 10 mm diameter and 50 mm length (o penetrate a depth of 33 Io
35 mm {ram the lop {or 5 to 7 mm rom the boltom) of the mould.
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Vicat Apparatus:
* Vical apparatus assembly consists of a plunger 300 grm in weight with a length of 50 mm and
diameter of 10 mm and & mould which is 40 mm deep and 80 mm in diameter.

> There are lvo attachmenis for the plunger viz.;
() Asquare nesdle with 1 mm? cross-section which is altached lo the plunger for initial setling time
tesl,
(i} A ncedle with an annular collar of § mm diameler which is used for final selling time.

Test Pracadure:

»  Toprepare the pasle, lake weighed quanlity (300 ) of cement and placa it in a crucible.

*  Mix a weighed quantily of water {approximalety 24% by weight of cement) for the first Irial,

» The time of mixing or gauging should not be less Than 3 minutes nor more than 5 minutes and
gauging time should be counted from the time of adding water to he dry cement unii! commencmg
ta 1ill the mould. )

*  The Vical mould is filfed wilh the pasle, which is levelled off al its top.

*  The mould is placed under Ihe Vical plunger.

»  The vicat plunger is brought dovn to touch the surface of paste in the mould and quickly released
allowing it to sink into the paste by its own weight,

» Take \he reading by noling the depth of peneiralion of Ihe plunger.

s Similarly conduct the trials with increasingly water/cemeni ratios till such lime the plunger penelrates
for a depth of 33 10 35 mm trom the lop {or 6 to 7 mm from the bottom).

»  Thal parlicular percentage of waler which allows lhe plunger to penelrate only to a deplh of 33 10 35
Irom the top (or S to 7 mm Irom the bollom} is known as he percentage of waler required o produce
a cemenl paste ol normal (standard) consistency.
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« This percentage is generally denoted by P,
»  This tesl should be conducted at a constant lemperature of 27° + 2°C and a constant humidity of
' 90%. ) :

Initlal Setting Time Test
« ltisthe lime elapsed between the moment that the waler is added tothe cement, to the tims that the
, paste starts losing ils plasticily.
e The tast procedurais as lollows:
(i) Take 300 gm of cemenl and make a cemenl paste of consistency 0.85 P
(iy Atrach the square needle lo the Vicat plunger and lower it gently 1o make contact with the
surface of lest block and quickly release it
{iiiy When the needle penelrates only to a depth of 33 10.35 mm Irom the top {or 510 7 mmfrom the
boltom), 1he test is completed.
 Inilial setling time should not be less (han 30 rninules for OPC anid 60 minules for low heal cement

FlnalSettmgTimeTest el ‘-',; -

The linal setting time is lhetlmeelapsed helween me momenilha waler is added lo the cement and
the time when the paste has completely 1ost its p!asucuy and has ailained sullicient firmnass lp
resist cerlain definile pressure. :

* Thelestprocedureis asfollows: . | T
(i} Take 300 gm of cement and make a cement pasie of conslstency cf0.85 P
(iiy Replace the square needle by a needie with annular collar.
{iii) Lovser Ihe altachimsnt to genlly cover the surface of t6st block.
{iv) f lhe needls Q‘nakss an impresslion, whils the annular collar of the altachment fails lo do so, the
cemen! is considered (o be finally set, Thus, the paste has attained such hardness that the
needle does nol pierce through the paste more than 0.5 mm.
*  The final ssiting lime should not be more than 10 hours,

.75

1

Slgnificance of inlllal and final seting time: . .
(a) Cancrete ance place should not be disturbed il fnal selling has taace place.

{b} The ransportation of concrele from the piace where concreleis prepareditathe placing of
concrele required some finite fimg thet should be within the Initial setting tims.

{c) Final setling lime test is dono because the concretre should achleve the desired strength
as early as possible so that the shuttering can be removad and reused.

Soundness Test |
*  Soundness ofcementindicales that ihe cement paste, once it has sel, does nol undergo appreciable
I change in volume causing concrete (o crack.
= The cement having some quantily of free lime, magnesia and excess sulphales undergoes large
changes in volume as the lime elapses lending 1o cause cracks,
«  Thesoundness of cement is determined eilher by ‘Le Chalelier's method’ or by means of ‘Autoclave’ )
lesl.
4



+ Nosatisfaclory test is avaﬂablgife:f assessmenl of soundness due lo excess of calcium sulphate,
bul its content can be easily delermined by chemicat analysis,

{a) Lo Chaleiler's Melhod:

:. 185 mm
s
i 3ommdamster
¥ .

0.5mm 1™

Y 7
Split not moe than £.5 mm 2
milm <
Flg.Lw“ dniicr App Inr{umog d, o oment

The Le Chaleliet's apparalus consisls of a small spm cylmdc.f of spring brass. It is 30 mm in
diameter and 30 mm high. On sither side of the splil are allachad two indicator arms 165 mm
long withpointed ends, ™+

Take 100 gmol cement aﬁ&"fnake a cement pasie of consistency 0.78 P.

Fill the cemen! paste in the mould and keep it o a glass plare

Caver the mould on the top by snolher glass pl:aia cT '

The whole assembly is immersed In waler 3l a lemperature uf 27°-32°C and kept thers for 24
hours. %

The assembly is taken out hller 24 hours and the distance between the indicalor poinis is
measured, ” ,

The mould is then immersed in a water bath,

The water of the bath is broughl o boiling poinl with tha mould submergad in 25 to 30 minules
and kept bailing for 3 hour. 3~

The mould is taken out fromwaler and allowed 1o cool.
Distance between the poini§ is then measured.

The difference between tha lwo measuremenl reprasents lhe expansion of cement.

The Le Chatelier's melhed detects unsoundness due lo free fime only.

This method of testing does not indicale the pressnce and aller effec! of iha excess of magnesia
and caleium sulphate. )

The expansionof cement must not exceed 10mm lor QPC, rapid hardemng and low heal Portlang
cemenis by this method,

OPC. Rapid Hardening Cement, Low Heal Cemant, PPC can have maximum expansion less
than 10 mm whereas high alumina cemenlt and super sulphaled cemenlt can have maximum
expansion less than 5 mm.

{b} Autoclave Test:
« ° Indian Standard specfficalion recommends thal a cement having a magnesia content of more

than 3 per cant shall be lested {ar soundnoss by auloclave lest which is sensilive 1o bath free
magnesia and [ree lime. ,

176  Strength Test
{a) Compressive Sirength Test:

In this lest, a cemenl paste of 25 mm x 25 mm x 250 mm is
placed In a standard auloclav,

nNow, the sleam prossure inside the aulaclave is raised at such a
fale 50 as to bring he gauge pressure of the steam lo 21 kofecm?
in 1 heur (o 1 hour 15 minutes t7om the time the heat is turned on.
This pressure is mainlained for three hours.,

The autoclave is cooled and lenglh of the specimen is measured
again.

The expansion should not exceed 0.8%.

- ForOPC (33, 43, 53); SRC; PPC, RMC, LHC, Slag cement
- 1% for masonry cement.

The cocmpressive sirength of the hardoned cement is the most
impartant of all the properlies.

Take 185 gm of slandard sand (Ennore sand), 55 gm of
cemenl {i.e. ratio of cement 16 sand Is 1: 3} 2nd mix them
wilh a rowe! [or one minute.

Add water of quamﬂy ( +30)% of combined weighl of

cement and sand where Pis lhe petcentage of waler required
1o produce a ¢cemenl paste of normal consistency.

This time of mixing should not be less than 3 minutes and
nol more than 4 minutas.

Immediately, after mixing, lhe mortar is filled in a cube mould of size 7.06 ¢cm. The area of the
face of cube should be 50 cm?.

Compact the mortar either by hand compaction in a slandard specified mannerof on the vibrating
equipment for 2 minutes. {vibralions = 1200 + 400 vibrations/minute)

Keep lhe compacted cube in the mould at a temperalure of 27° + 2°C and al least 90% relative
humidity for 24 hours.

After 24 hours, lhe cubes are removed from (he mould and immersed in clean [rash water undil
taken oul for tesling.

Three cubes are tested lor compressive sirenglh at 1 day, 3 days, 7 days and 28 days where (he
period ol tesling being reckoned Irom {he completion ¢l vibralion.

The compressive strenglh shall be the average of the strengths of the three cubes lor each

‘period respeclively.

The compressive sirength of 33 grade OPC at 3 days, 7 days and 28 days is 16 MPa, 22 MPa
and 33 MPa respectively.

Load applied gradually as 0 (0 35 N/mm?Zimin on cubes by using cornpressive testing maching

~ {(UTMmachine),



(b) Tensila Strength Test:
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Flig. Stondard briqueda .
« The tensite stengih of cemént may be oblalned by Briqustle test.
* Amixiure of cemenl and sand ia gauged in the proportion of 1:3 by weight,

o - R . p
= Thepercenlage of water lobaused is calculaled by the fomula ('5' + 2-5] % whare Pis percenlage

of water regi:ired 1o produce a paste of standard consisleni:y. '

» The mixis :mled In the briguelte moulds and the surfaca of the mould is linished with the blade
of a trowel. .

* Briguelte mould (s then kept for 24 hours al a temperature of 27¢ + 2°C and in an almosphere
having 90% humidily.

» The briquelles (6.45 cm?) are Ihen kepl in clean water and are taken oul belora lesting. .

« Six briquetles are lested and averaga tensile slrength is calculated.

» Loadisapplied steadily and uniformly, starling from zero and increasing at the rate of 0.7 Nfmm?

n 12 seconds.

* QOPC should have a tensite sirength of not {ess than 2 MPa and 2.5 MPa alter 3 and 7 days

1especlively.
+ Generally tensile sirengthis 10-15% of compressive sirenglh,
* Load applied steadily or uniiormly from 0 to 0.7 N/mm?in 12 second,

1.7.7 Fineness Test

Fineness is Ihe measure of the size of the cement parlicles in terms of specilic surface (l.e. surface
area per unil mass).

The rale of hydralion and hydrolysis and the subsequent setting of cemenl depends upon ls fineness
ol particles.

The rate al gain of sirenglh is rapid lor liner cement, hough Ihe final srrength is not aflected by
{ineness.

Fineness of cemenl is measured in terms of ils specilic surface.

« Tnere are threa methods for tesling finenass viz.
{i} Sieve method or parlicle size distribution method
(i) Air permeabilily method (Nurse and Blaine's melhod)

(iil) Sedimentation malhod or Wagner’s (urbidimeter method

{a) Sleve Method:

= 100 gm of cement sample is taken and air set lumps, i any, in

tha sample are broken with lingers,

= Tho sample is placed on & 90 micron sieve and continuously
sieved for 15 minules,

* The residue should not exceed the limits specilied balow:

5No.{ Typo of camant . ; -, | % Roskiuo by wolght .
- @ Ordinary Portland comant . gﬁ AR
| @ | Repid horsaring comont s

{6} -| Pertand pazzotang comont —

(b} Air Permeabllity Method:

Fig. Poermaability apparatis with manomboler and flow meler.
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* Fineness of cement s represented by specilic susface Le, lotal surface arga in cm® per gram of
cement. woo

*  Fineness canba estimaied éither by using Lea and Nurse air penmeability apparatus or by using
Blaine's air permeabifity apparatus.

s Todeterminathe fineness, éicemem sampleof 2 cm heightis placed on a perforated plale (size
of perforations is 40 jt) and air pressure is applied,

» Themanometer is connecidd te the lop of the permeability-cafl and the air is turned on.

* Thelowerendofihe penneip?iiiy cellisthen slowly connecled Lo the other end of the manometer.

*  Therale of flowis so adjusied that the llowmeter shows 2 prcﬁsure dilference {h,} of 30-50 cm.

* The reading in manometer (k) is recorded. f

B

L. h
= The processis repeated till the ratio h—; atlains a constant vaiue.
o

= The specific surface is given by the expression

cﬁ- ¥ J——‘[f;

where  Listhickness of éement fayer

Alis area of cement layer

dis density of ce&ﬁ‘sm y is porosity of cement {i.e. 0.475)
h,is flowmeler reading h, is manometer raading
Kis flow meter constant '

(¢} Wagner Turbidimetar Test:

» The cement is dispersed uniformty in a reclangular glass lank lillod with kerosene.

» Paralie] ﬂgmtaysa:apassediﬁreugh ihe saiution which strike the sensitive pfate of a pholoeleclric
cell.

« The lurbidity of the solution al a given instant is measured by taking roadings of lhe current
generategd bythecell. e

* By recording the readings at regular inlervals while particles are falling in the solution, it is
possible to secure inforraalion regarding the grading in surface area and in size of parlicle.

= Readings are expressed in ¢mgm.

Heat of Hydration Test

Heat is evolved during hydrationof cement, the amount being de ponda nton the relative quantilies
of clinker compaunds. :

The apparatus used to da:ezmirm the heat of hydration of cament is known as calorimeter

60 om of cement and 24 ml of disilliad water are mixed for 4 minutes at a lemperature between
15%25°C. v

Thees specimen glass vials 100 mm x 20 mm are fillad with this mixlure, corked and sealed with
wax.

The vials are hen storad withmixlurs in a vertical pasition al 277 + 2°C.

Theheat o! RNydration is oblamed by subtracting the respective heat of solulion of hydrated cement
from the heot of solulion ci unhydratad cement calculated neatest to 0. | calone,

Tne heal o1 solulion of hydrated cement is calculated by using catorimeter.

Tha heat ol hydration for iow heal Porlland cement should not be more than 66 and 75 calfgm for
7 and 28 days respeclively.

1.7.9 Specific Gravity Test

= The specilic gravily ol cement is obtained by using Le Chatelier's flask.

*  Long seasoning is the chiol cause far low spéci!ic gravily in an unaduiterated cement,

»  Theflaskisiilled either with kerosene free of water or naphtha having a specilic gravity not less than
0.7313lo a point on the stem between zero and 1 mtmark.

o The llask s \hen immersed in a constani lemperature water bath and Lhe reading is recorded.

»  Awaighed guanlity of cement is then inioduced in small amounts at the same Lcmperalure as lhat
of the liquld.

«  After inroducing all the cement, the slopper is placed in the flask and the flask is rolled in an
inclined paosition, ar genlly whitled in a horizontal circle 5o as 1o free the cemenl from air unlil no
further air bubbles tise to lhe surace of liquid.

¢ The Hask is again Immersed in walcr balh ard Lhe final reading is recorded.

« Thadifferance bewween the first and the final reading represents the volume of liquid displaced by
the weight of cement used in the test.

" . Weighl of cement (in gms)
Specilic gravily = —— e
Weight of displaced volume of liquid (in nv)
»  The specilic gravity ol Portland cement is generally about 3.15.
+  Specilic gravily is not an indication of quality of cement. (L is used in caleulalion of mix proportions.
Table
Finenass Soundnana By Selling Tima Compegasive Sicangth
Typa of Camont (k) | Lo chalatior | Autociave | Iniual | Finai [ 1 Doys | 3Daye | 7 Days | 26 Dayn
Min | (mmiMax | (K)Man | (ms) | imts)| min [ min min o
min. | max. | MPa MPa MPo KFa
1. 32 Groda OPC (152651083} 225 -] oe 30 G0 NS 18 22 kX
2..43 Groda OPC (IS 8112-1589) 225 © 04 0 600 | NS 23 kY 13
2. 51 Grada OPC (IS 12269-1887) 225 10 08 R Goo NS 2? a 4
4 SAC (IS 12200-1984) 225 10 048 30 600 | NS 10 16 a3
5. PPC (1S 1469-1091) For | 300 10 08 30 G| NS 16 2 1
6. Ropid Hordenang (15 BOS1~1990) 325 10 [1]:] n 600 16 2r NS NS
7. Slog cemord (5 445-1089) 225 10 08 30 50¢ NS 16 2 an
8 High Alurmioa Comort {15 (452-1988)| 225 5 NS 0 Goa| 30 15 NS NS
9, Lew Heal Cemant (1S 6309-1980) 400 5 KRS 0 500 e 15 22 30
10, Low Heal Coment (1S 12600-1980) J0 10 0.e 1] 500 NS 10 10 35
11, Masorary Cbmcnl {13 350~ 1988) - 0 1 xw 1440 NS MS 2% 5
12, IAT-T40 a7 5 oA 50 600 | NS NS s NS
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Q.1 The mainingredients of Porlland cemenl ara
{a) line and sflica
(b) line and dlurmina
{c) siicaandalumina
{d) lineandiron

Q.2 The consliluen! of cemenl which is responsible
tar all the undesirable properties of cement is
(a) dicalciumsificate

(b) tricalciumsiicale

{c) uicaksiumakuminate

{d) teira calchn alumino terrile

Q.3 LeChatefiers device is used for delermining the
(@) seling fime of cement

(b) soundnessolcement

{c) tensile sirenglh of cement

(d) compressive slrength of cement

Q.4 Addilionof pozzolana to ordi naryPoﬂland cement
increase

(8) bleeding

(b} shrinkage

(c) permeabikly

(d) heat ol hydration

Q.5 Proper amount of entrained airin concrete resulls
in

1. belter workabilily

2. Dbelter resistance of freezing and thawing
3. lesserworkability

4. lessresistance lo freezing and thawing
The correct answer is
(@) tand2

(€} 2and3

(b) 1and4
(d) 3and 4

Q.6 The mosl commonly used relarder in cementis
(a} gypsum

(b} calcium chloride

{c) calciumcarbonale
{d) noneofthe above

Q.7 The most common admixiure which is used lo
accelerate lhe initial sel of concrele is
(a) aypsum
{b) calciumchloride
{c) calciumcarbonate
{d} noneofihese

Q.8 According 10 IS specilicalions, (he compressive
" sleengihol ordinary Porlland cement aller three
davs should not be less han
{8} ?MPa (b) 11.5MPa
(c) 26MPa {d) 21MPa

Q.9 Increase Infineness of cemant
@) reduces the rate of slrenglh development
‘and leads to higher shrinkage
(b} incredses the rale of sirength development
- 'and reduces the rate of delerioration
{c} decreaseshe rate of sirenglh development
and increases lhe bleading of cement
{d} increases the rale of slrenglh developmenl
and leads to higher shrinkage

Q.10 The initial selting time for ordinary Portland
cement as per IS specificalions should not be
less than
(a} 10minules
{c} 60minutcs

(b) 30minutes
(d) 600 minutes
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