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1 CEMENT

I Introduction

ii) silica in excess quantity causes slow setting of
cement.

= A mixture of silicates and aluminates of calcium
that when mixed with water it binds a stone-sand
mixture into a strong concrete within a few days.

Mixing of Raw Materials

*= Argillaceous material consisting of silicates of
alumina in the form of clays and shales.

=  Calcareous materials - in the form of limestone,
chalk and marl, which is mixture of clay and
calcium carbonate.

Burning

= Burning is carried out in a rotary kiln.
= The material is heated to a temperature of 1400°C
to 1500°C.

Grinding

= During grinding, a small quantity of gypsum about
(3% to 4%) is added.

= Gypsum controls the initial setting time of cement.

= Gypsum acts as a retarder, and delays the initial
setting action of cement.

I Chemical Composition & it’s Function:

3) Alumina- (41,03)

Function:-
i) It provides quick setting property.
i) Lowers the clinkering temperatures.
iii) Alumina excess lowers strength.

4) Iron Oxide- (Fe,05)

Function:-
i) Provide colour, hardness and strength to cement.
ii) Also help in fusion of raw material during the
manufacturing of cement at high temperature.
iii) Impart raddish brown tint in cement.

5) Magnesium Oxide-(M40)

Function:-
i) It provides hardness and colour to the cement
when present in small quantity.
i) It excess cause the cement unsound & cracking.

6) Alkalies-(Traces) (Soda & Potash)

= Excess quantities will causes efflorescence and
cracking & staining of structure.

Composition of cement clinker

Sr |Oxide Proportion
1 Lime-(Ca0) 60-65% Bogue's .
2 Isilica-(Sio,) 16-25% SR. Compound Composition
3 |Alumina-(Al,05) 3-8% 1 [Tricalcium silicate (C55) Alite 40-45%
4 |Ferrous (Fe,0;) 0.5-6% 2  |Dicalcium silicate (C,S) Belite 25%
5 [Magnesia (MgO 0.1-4% i i i

g ( g ) 3 I;l(j;lmum Aluminate Celite 1%
1) Lime- (C,0) 3 , ,

Tetracalcium Alumino .
. 4 K Felite 9%

=  Function:- ferrite (C,AF)

i) It makes the cement sound and strong.

i) It controls strength and soundness.

i) The lime is excess quantity makes the cement
unsound and causes the cement to expand and
disintegrate

2) silica- (5,0,)

=  Function:-
i) Gives strength to the cement due to the formation
of dicalcium and tricalcium silicates.

AINFINITY”
OO Engineering YAcademy

1) Tricalcium Silicate (C3S)

= It develops high early strength at first 7 days.

= The presence of ;S in cement hydrates more
rapidly.

= It generates more heat of hydration (120 cal/gm).

2) Dicalcium Silicate (C,S5)

= It develops later strength after 7 days.
= Cement hydrates slowly.
= Less heat of hydration (60 Cal/gm.).

(&) Infinity Academy (</) @infinitympsccivil ® 9699897070 7887811411
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* It provides good ultimates strength to cement.

3) Tricalcium Aluminate (C3A)

*= It causes initial setting of cement.

» [treact fast with water & generates large amount of
heat of hydration (320cal/gm).

= (34 Bogue’s compound responsible for flash set.

4) Tetra-Calcium Alumino Ferrite (C,AF)

= It has poor cementing value & cause
initial setting of cement.
= It reacts slowly with water & generates small
amount of heat hydration.

Hydration of cement

= The heat of hydration is determined by adiabatic
calorimeter test or vacuum flask test.

* The heat of hydration for OPC at 7 days < 65cal/gm
and at 28 days < 75cal/gm.

Types of cement:

1. Ordinary Portland Cement-(IS: 269 — 1976):

*  Used for general construction.
=  The normal consistency of OPC -30%.

= Initial setting time-30minutes & Final  setting
time-10hrs.
= Compressive strength of OPC:
Grade 33 Grade 43 Grade 53
3 Days 16 23 27
7 Days 22 33 37
28 Days 33 43 53

* Initial setting time for LHS is 60 Mins. & final setting
time is 10 hrs.

4. Sulphate Resisting Cement:-(1S:12330-1988)

= Used for under water structures, canal lining,
culverts particularly exposed to alkali action.

5. High Alumina Cement (1S:6452-1989)

= It contains about 35% of alumina.

=  HAC =Llimestone+Bauxite

= Initial setting time = 30 Mins

=  Final setting time = 600 mins. (10 Hrs)

= Used for a structure subjected to the action of sea
water, chemical plant and furnace’s.

6. Blast Furnance Slag Cement (1S:455-1989)

= Contains 45% calcium oxide & 35% silica.

= Used in water containing excessive amounts of
sulphates, alkalies, metals and acidic water.

= Used in marine works, dam, bridge abutments,
retaining wall.

7. Portland Pozzolona Cement (1S:1489-1991)

= Made by intergrinding of OPC clinker + pozzolana

(30%).
* Pazzolanais's
= iliceous material containing clay upto 80%.

= Used in mass concreting structure such as dams,
weirs etc. and marine structure.

8. Super Sulphate Cement (SSC) (IS:6909-
1990)

= Proportion:-

i) Granulated blast furnace slag-80-85%
ii) Calcium sulphate-10-15%
iii) Portland cement clinker-5%

2. Rapid Hardening Cement:- 1S:8041-1990

* It harden fast but setting time are same as OPC.

= Three days strength is equivalent to 7 days strength »  Specific surface not less than 4000gm/cm?
of OPC. = .
*  Rapid hardening property is achieved by I| Specific gravity of cement:

i) Higher C5S content.
ii) By finer grinding.
i) By adding calcium chloride in cement.

* Le-chatelier flask used.

= Using kerosene & specific gravity bottle the test is
conducted at 27°C.

=  For OPC, SP gravity = 3.15

= Unit weight of cement = 1440kg /m?

Uses:
i) Used where high early strength is desired.
i) For constructing road pavement.

iii) For cold weather concreting. I| Testing of Cement:
iv) Used where formwork is to be removed as early as =
possible. 1) Fineness Test:
3. Low Heat Portland Cement:-1S:12600 -1989 = The fineness of cement is tested either by “sieve

method” or “air Permeability method".
. It useful for mass concrete works such as dams,

retaining walls and very large structure.
= Ultimate strength of low heat cement is same as
that OPC.

‘LiNﬁNiTXLdemv

% Engineering

A) sieve method:

(&) Infinity Academy @infinitympsccivil ® 9699897070 788781141
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5 BEARINGS

5.1 Definition

* The devices which are provided over the supports of
bridge to accommodate the changes in the main
girders due to deflection, temperature, vertical
movement due to sinking of the supports, shrinkage,
prestressi

ng creep, etc. and to transmit the load from the super-
structure to the sub-structure in such a way that the
bearing stresses induced in the sub-structure are
within permissible limits are known as the bearings.
Thus, the bearings are provided for the distribution of
the load evenly over the sub-structure material which
may not have sufficient bearing strength to bear or
take up the load of super-structure directly.

* The design of bearing to be adopted for a particular
bridge will mainly depend on the type of supports,
length of the span and the type of super-structure.

* The bearings form an important component of a
bridge and hence, extreme care and skill should be
exercised in its design, execution and maintenance.

= For major bridges, the cost of bearings roughly works
out to about 10 to 15 per cent of the total cost of the
bridge.

= Hence, there is ample scope of achieving economy by
designing the bearings properly and carefully

5.4 Free and fixed bearings

5.2 Purposes of bearings

_\\

Following are the purposes or objects of providing

bearings in a bridge:

1. to absorb movements of girder,

2.to allow for angular movements of girder due to
deflection under the load,

3. to allow for longitudinal expansion or contraction due
to changes in the temperature,

4. to distribute the load on a large areaq,

5. to keep the compressive stress within safe limits,

6. to make movements of girder harmless,

7. to rotate at supports to accommodate the deflection
of a simply supported girder under load,

8. to simplify the procedure in design.

9. to take up the vertical movement due to sinking of the
support,

10.to transfer horizontal forces developed due to
application of brakes to the vehicles, etc.

1.

5.3 Importance of bearings

= [t should be remembered that the successful
functioning of a bridge primarily depends on the
design of its bearings.

= |tis observed that faulty design or improper working of
the bearings is the main cause of failure of many
bridges that have collapsed.

iNFiNITY®
O Engineering YAcademy

» The terms free bearing and fixed bearing are used to
indicate the function which is executed from a
particular bearing

= Afree bearing is free to slide or move or roll and it thus
allows longitudinal movement of the girder.

= A fixed bearing is fixed in position, But it rotates
according to the deflection of the structure which is
being supported by it.

* Thus a fixed bearing allows free angular movement
and it does not permit any longitudinal movement of
the girder.

= The design of fixed bearing depends on the length of
span, type of supports and type of super-structure.

5.5 Types of bearings

The type of bearing used on a bridge, depends on
Amount of movement of the bridge ends, Temperature
variations, Load carried.

1. Cement mortar pad

2. Expansion bearing

3. Knuckle bearing

4. Rocker and roller bearing

5. Rocker bearing

6. Rubber bearing

7. Neoprene bearing pads

8. sliding bearing

9. Sole plate on curved bed plate bearing

10. Tar paper bearing

11. Pin bearing

12. Pot bearing

13. Laminated elastomeric bearing.

@ Infinity Academy @ @infinitympsccivil & 9699897070 7887811411
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Each of the above type of bearing will now be briefly
discussed

1. Cement Mortar Pad

» This is the cheapest type of fixed bearing which is
adopted for road girder bridges of small spans.

It consists of a 30 mm thick cement grout pad of
proportion I:1.

The dowel bars in sufficient number and of diameter

about 256 mm are provided to connect the super-
structure to the bed block.

The length of the pad is made equal to the width of
girder and its breadth along the span is kept in such a

way that the pressure on the pad does not exceed 18
N/mm?2

The dowel bars are designed to take up the
longitudinal forces in shear.

* In case of knuckle bearing, the top of bottom shoe and
bottom of top shoe are given semi-circular shapes as
shown in fig 54 (b).

= The knuckle bearing is adopted when it is desired to
provide only for angular movement of the girder which
is fixed to the top shoe.

4. ROCKER AND ROLLER

2. Expansion Bearing:

» In case of expansion bearing, the bottom shoe is given
a circular shape.

Drill holes for fixing girder
/ \
¥ 4

— Rocker pin

Bed plate
g P

rad e 7

Expansion bearing

,— Seat for main girder
Top shoe—»

Bottom shoe
N
N

Bed plate

y

T 777

Knuckle bearing

Fig.5b4 Expansion & Knuckle Bearing

» The centre of circular surface coincides with the
centre of rocker pin. The bottom shoe rests on the bed
plate. The top shoe is provided with drill holes for fixing
of the girder.

= Fig. 54 (a) shows an expansion bearing. It allows free
angular as well as longitudinal movement of the
girder and it is useful for girders having small spans

3. KNUCKLE BEARING:

iNFiNITY®
OO Engineering YAcademy

Main girder

Top shoe »

Bottom shoe < Rocker pin

!
Bed plate

¥
S———
Fig.65 - Rocker and Roller
In case of rocker and roller bearing, a rocker pin is
provided between the top shoe and the bottom shoe

Roller ——»

and it Top shoe is so arranged that the bottom shoe
rests on rollers as shown in fig. 55. The rollers are
cylindrical in shape and they are free to roll on steel
bed plate.

= The use of rocker and roller bearing is generally

recommended when lengths of span exceed about 15
m or so

* The important facts to be remembered in the design

of a rocker and roller bearing are as follows:

1. The initial setting of rollers in position should be
carefully done. Otherwise they may not remain truly
vertical.

2. The load from the bridge should evenly be
distributed over one or several rollers in both
directions, namely, longitudinal and lateral.

3. The number of rollers, their diameter and the choice
of material should be made with respect to the load
likely to come on the bearing.

4. The piers or abutments should be provided at their
tops with a seat in the form of 'bed block or bed
plate to receive the rollers.

5. The rollers, depending upon the design, may either
be solid or ribbed.

6. Incase of aribbed roller, the number of vertical ribs
are held together by means of a horizontal pin to
form one single roller.

7. Therollers should be placed in such a position that

their constant movement will not cause the
displacement of rollers
8. The rollers should be

lubrication and cleaning.

readily accessible for

(&) Infinity Academy @infinitympsccivil ® 9699897070 7887811411
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5. SLeh.TAHRM: i qat 1937 @ 1940 AT 8.ofRua T FETE | SN ATTBUTER
SIFS G JEHAT FULT R sholel Bl A (IRA™ Tardsardr

6. TAHAYG Td (MUAAR Tl TR HTICATETEN)
FRUMHAD TSAATAT e TA.ATT AT Ih 9 g3 TR qeeTHT
fAgercdl #oaTd 3MTell.) TA.ATYT TG FheAr It RarTHTAT
FOHY TSI FamoT F0fe 1 Shelel €. warE AT 7 et s9-afhe

7. O FUATERT 1948 FEY Bd@ae arear 1T 5, FNCTHEF, | JEcHES T

"geadt fedpdl (Enactment of the TTaIel AT AT

Constitution) i. FEAT geFeh ST 1. ety

ii. TeqHEYTH 3U-HIAN TGS
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HoIg & RIS HERISE TN TSTLTAl 3T
TRl Faifde  olha@dr  3idelel  3idcledl
AGATHT Ueh 37Tg. HIST ol &l FAR 3 FHIE
29 9T 3TE. & AT HERISCrAT ieH fohaArarar
aH 37Te. HIS § HRATAT T SiaioT, afves 3oy
ALY IR Hald A aTeh Hhol ScesT
3ECIel QBT e, TN SUTIRIEE Heg STalciel
urgd il HIS AT Mg, Has Al wiHiIh
e oTselel 3ge AT Felefsd ARATHT AR AR
50% ARG Blc.HaS 81 Ueh STegl GeuT 3Te.
A [ [Segraive ATgr. Ha e & arear Yed
ATEhIATST YAGH S, dSTIId g1 HEsd A
qfge Fegaerd 3

18 AT QAThTeAT HEY HIdIcl [STEATA FHellaT, oTgTed
€T TIcT S ThAIR0T Fbel HoS Jefaell. 19 =27
rdeId Hasdr e g atfOrer yareh Fwel 3nfor
20 =TT AARAY FAlc>T Tddodral TRl Hagcd
FSIG STell. 1947 HET HRATeN TG [HBATAT
HIS AT ¢ Tofeensh sefdeear dag gemearaT
Tfge. 1960 drell TYFd HERTE  TDdddletck
HINTAR JTARTATHR FRIST N HAGRISE AT
TUAT FIOAT 3ol T HES AT ¢ IT Adied
HAERISE ToRIAT ST, 1995 #FEY
RIE@a-oeT I TWhR Fdd AT a1
AG A TSI died I HIS FoATT
3Tel.

Hag & AR 3Tk g AARSTAT TSTUT=l 3778,
HasAY) 9 O AAT a1 AN I T I
AT, FEITAT SIEAIRONT HS § AT
AGT FeTel 37Tg. HTSH TUTIAT FOMTLT HS Flb
STATCET Wi AT aded gid. Sl HeS
AEIT Pl FTATAAT ollehid arecled f&HeT Ad.
HIS §¢ GIelisT HHGADS GU& HIOLTqAT 0T
AR ¥ 33T Su=iear dreard quarqdi 1661

AT

ALY SIS Aol 2 & Soairedl Hee a9
Ut el HMOT HESH @ S Gl 18 @
ATHIAT HLFHRM Blelel Folls TehoUlcsl Sload
IR Feelel A, AT FHSIGA AT SerAer
IRETY Gl S T S ¢ v ST .
AR FOGAHS WS dlgell Sl e, Fera
hISTAHD FATT I DIET HolldT HET el Hefvel
ATel, gTiiatell cgollsHed el HAER fgorkll Siiser
.

Reret &, Aa$ MWR TR, TET AIX SR AT
HeearedT F FET A AT e, Hasd
g ARl el FEY 3UCSY HHed qrITeAT
g dTelgs 3o 7S A3 g 38, Sgel
et urdh fohar FeuIfall U8 A TR
INBG SR i e T 3T ¢ Hasea
geaIdd 3Te.

HIST oA HAGAT AT gl ISl
31T, AcqeloTieaT St SIS AT ATaTd Saraie St
. Has, gFaS T Sl & Aergr TN A
ThTel Aa8l TTolcT Bicil. HIEISIOT AT FHIRTell HATGLT
FEUTI. 1995 HE IT B do § U oA1a
SEofeT Hog HIUII 37Tl

femer @Er fRaART  wmsTelel 30T
WERTEY T8 26T H{as, 3rreis fadr 3nfor gfaror
HIS AT ATAE Sl § 3Nl Sid.

AT 31T Torarer 3l a1 e U M.
HRTET Tl HeT Sl ATadaT IT AR AT
Hs s,

. aa‘é’auﬂ-—q‘w 37T ATATA NBSTeAT SATOT.AT
T BT 1995 Al Hog I TP «A1g
Resrer.
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= ¥ UG FEUS TN SeTA HIAE. ITIOTRATIRGT
JY FEAT AT G ATISAT.

» HESd HEA: HAS & AW Sietell  Sild
ITETAETST I d ahishull, fger 3o Sareir ar
HTST SR SETeT 318

= HIS YOI TFENH d, TSET HGTAT . 3 HeTS -
373N, ASET FAGTATST 5. 4, TSI HAGHAAT &, 8
€ HIEIT GE g

" AR AhEEd Fald HIS AT FU AT
AEHS TIfgel ST AT AR 3Gt Ahaear
3 FIET 29 G VIS 3TE.

» 3UTIRIGE FHES g S9N 53 FaTd faeurer oY
3TE.

- TP Hasar  AFAR grEEr g
R CIN IR I O 2 I T 2 | NS 5 4
fheTaTaR aredeaE 3Med, T 3efAdig &
AYOT:  WERTEY 3o 3778 g A
gHsSd 0T O d 3rEdirg S 3@
T SFSAIT 3771 HIS IT HIB cllehidl 3oleh
SISars HEcdld 3Tgd. (Hisdl, &R, frasy,
AT, FSTeBT, FrolTell, ATENH, 2fid, I, W, 3RS,
RS, AT, Fie Y AT ST FldATS 3Med)

" IS HES Uedr XM 3w 3for
HARSTATET TTETAT FEUA FIT 3NNl S,

» HEICHT IEMSTl Tololld Tdas 1942 o HS
AYTT FE el

» YA% AUTHTAT 5 WUl fasererdy e
ferue gediel UIAS a1 A Tielak Fafoll
YT ITHS AT &I HTH FIUMAT FHollhR I
Ul W AT Wi ASAT JHONT
HISol AT 3.

» & RAAgSE dTefigs I7 A Sd JEeld 378,

» RIHEOTRET JAgcard 30 JAGHTS Ra‘s?raﬁ ar
MG 3G AT, Al a1 fehof Ist
FrARoT gl 3rq.

T AT HAHST AT 38

= Sigl R W P g1 Aes I v Agearar
AT 3G WYOTT: WHGTER Sitrelell g1 &
e, 5 a¥ Fraraely T 660 HIET el T
3T IAAAT 3eieh 3STUN 30T 373U IR
WA BT T YN U RIguqsd
Jel0TARY FIH gid. & &1 Siguarehiar 10
gy for 1600 HIET @I 3ITel. AT T I&dT
ATEJHRIRIAT 3T el CUATT JHTell 31T IT
ARlaed ¥ ST FONIET sd da AT
TEITHS AT arel.

" SoAENE a1 agAEie AU AT, AN,
3R 37T UiRTIAT SeTdel  SATTRe: el
HISOT AT 30T ATHS AT ATl HRAT
YAAGR Ul Fgeel ST

[[efeertam weaph

Hag g @ Sl HHg  BidT. ;T deia
TG TR T g .
gl S ffld qrar 3.8.9, 250 |retciel 3ige
1T HIS AT ool Mehist (Heptanesia 374T)
dAicaer 3Mg. $HY 3 T AR & o9 FAC
3relerrear A GrHETSATd gAIfase gidr. R ar
feq ArETaTe 1343 Tid HESR AT el T AR
ORI HEAH THGAE HIg FEI e,
Tfethel I[N  qT@HeER Hie & AT FHlalcler
3Med. 1534 ATl UIlIMSTiel 98Ty ATThgal HIS
FIAIST shell I I TRIATIHY A9 o 1661 A
ISt Hag gacisdl Toll GERT =ed  ITedl
FAPT s A DS ToReA Freled
SECIE! §3T FEUIA 331 Cehell d AR & Heg
fofeer ToTerTuATRgs s¥¢ 8T HUeird AT
SUATd 3Telr. 1687 Ui ¥ sf3ar Sueiar 3myer
HEATET GIge HoIsd golldel. HIelicklel § AT
HaS Soreardl (Bombay Province) ITETeAT STolT.
1817 & 1845 wdd gldAdl cgals  (Hornby
Vellard)=am (3Td=AT ARR feheTmamel SITOT=AT gToil
3fell USTAT) AT AR AU 9 gl STHTeT
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