
CEMENT



WHAT IS CEMENT????

ü Material with adhesive and cohesive 
properties

ü Any material that binds or unites  -
essentially like glue



FUNCTION OF CEMENT

ü to bind the sand and coarse aggregate 
together

ü to fill voids in between sand and coarse 

aggregate particle

ü to form a compact mass



Types of Cement

ü 2 types of cement normally used in 
building industry are as follows:

a) Hydraulic Cement

b) Nonhydraulic Cement



Hydraulic Cement
ü Hydraulic Cement sets and  hardens by 

action of water. Such as Portland Cement

ü In other words it means that hydraulic 
cement are:

“ Any cements that turns into a solid product  
in the presence of water (as well as air)

resulting in a material that does not 

disintegrate in water.”

Most common Hydraulic Cement is Portland 
Cement



Nonhydraulic Cement

ü Any cement that does not require water to 
transform it into a solid product.

ü 2 common Nonhydraulic Cement are 

a) Lime
- derived from limestone / chalk

b) Gypsum



PORTLAND CEMENT

ü Chemical composition of Portland Cement:

a) Tricalcium Silicate (50%)

b) Dicalcium Silicate  (25%)

c) Tricalcium Aluminate (10%)

d) Tetracalcium Aluminoferrite (10%)

e) Gypsum (5%)



FUNCTION :TRICALCIUM SILICATE

ü Hardens rapidly and largely responsible for

initial set & early strength

ü The increase in percentage of this compound

will cause the early strength of Portland

Cement to be higher.

üA bigger percentage of this compound will

produces higher heat of hydration and

accounts for faster gain in strength.



FUNCTION :DICALCIUM SILICATE

ü Hardens slowly

ü Its effect on strength development at ages 
beyond one week .

ü Responsible for long term strength.



FUNCTION :TRICALCIUM ALUMINATE

ü Contributes to strength development in the

first few days because it is the first compound

to hydrate .

ü It turns out higher heat of hydration and
contributes to faster gain in strength.

ü But it results in poor sulfate resitance and
increases the volumetric shrinkage upon drying.



üCements with low Tricalcium Aluminate

contents usually generate less heat, develop

higher strengths and show greater

resistance to sulfate attacks.

ü It is reactive with soils and water
containing moderate to high sulfate
concentrations so it’s least

desirable.



FUNCTION : TETRACALCIUM 
ALUMINOFERRITE

üAssists in the manufacture of Portland Cement 

by allowing lower clinkering temperature.

ü Also act as a filler

ü Contributes very little strength of concrete 

even though it hydrates very rapidly.

ü Also responsible for grey colour of Ordinary 

Portland Cement



MANUFACTURING OF PORTLAND 
CEMENT

ü The 3 primary constituents of the raw 
materials used in the manufacture of 
Portland Cement are:

a) Lime 
b) Silica
c) Alumina

ü Lime is derived from limestone or chalk

ü Silica & Alumina from clay, shale or bauxite



ü There are 2 chief aspects  of the 

manufacturing process:

First
To produce a finely divided mixture of raw 

materials – chalk / limestone and clay / shale

Second

To heat this mixture to produce chemical 

composition

ü There are 2 main process that can be used in 

manufacturing of Portland Cement that is 

i) wet process ii) dry process



WET PROCESS

ü Raw materials are homogenized by crushing, 

grinding and blending so that approximately  

80% of the raw material pass a No.200 sieve.

ü The mix will be turned into form of slurry by 

adding 30 - 40% of water.

ü It is then  heated to about 2750ºF (1510ºC) in 

horizontal revolving kilns (76-153m length 

and 3.6-4.8m in diameter).



ü Natural gas, petroluem or coal are used for 

burning. 

ü High fuel requirement may make it 

uneconomical compared to dry process.



DRY PROCESS

ü Raw materials are homogenized by crushing,

grinding and blending so that approximately

80% of the raw material pass a No.200 sieve.

ü Mixture is fed into kiln & burned in a dry state

ü This process provides considerable savings in

fuel consumption and water usage but the

process is dustier compared to wet process

that is more efficient than grinding.



ü In the kiln, water from the raw material is  

driven off and  limestone is decomposed into 

lime and Carbon Dioxide.

limestone          lime + Carbon Dioxide

ü In the burning zone, portion of the kiln, silica 

and alumina from the clay undergo a solid 

state chemical reaction with lime to produce 

calcium aluminate.

silica & alumina + lime      calcium aluminate

DRY PROCES & WET PROCESS



ü The rotation and shape of kiln allow the 

blend to flow down the kiln, submitting it to 

gradually increasing temperature.

ü As the material moves through hotter regions 

in the kiln, calcium silicates are formed

ü These products, that are black or greenish 

black in color are in the form of small 

pellets, called cement clinkers.

ü Cement clinkers are hard, irregular and ball  

shaped particles about 18mm in diameter.



CEMENT CLINKERS



ü The cement clinkers are cooled to about 
150ºF (51ºC) and stored in clinker silos.

ü When needed, clinker are mixed with 2-5% 

gypsum to retard the setting time of cement 

when it is mixed with water.

ü Then, it is grounded to a fine powder and 

then the cement is stored in storage bins or   

cement silos or bagged.

ü Cement bags should be stored on pallets in  

a dry place.



KILN



CEMENT SILO



















Manufacturing Process

• Naturally occurring calcium carbonate 
materials such as limestone, chalk, marl, 
and sea-shells are the common industrial 
sources of calcium.

• Clays and shales are the preferred sources 
of additional silica in the raw-mix for 
making calcium silicates.







wet process

The grinding and homogenization of the raw mix
is carried our in the form of a slurry containing 30
to 40 percent water.
Modern cement plants favour the dry process,
which is more energy efficient than the wet
process because the water in the slurry must be
evaporated before clinkering. For the clinkering
operation, the dry-process kilns equipped with
multi-stage suspension preheaters, which permit
efficient heat exchange between hot gages and the
raw-mix.



dry process

Modern cement plants favour this process
which is more energy efficient than the wet
process because the water in the slurry must be
evaporated before clinkering.

For the clinkering operation, it requires a
fossil-fuel energy input on the order of 800
kcal/kg of clinker compared to about 1400
kcal/kg for the wet-process kilns.





Physical properties of Portland 
cement 



(i) fineness 

(ii) specific gravity

(iii) soundness

(iv) standard consistence, (v) setting time,

(vi) compressive strength,

(vii) heat of hydration and (viii) loss of 
ignition.



Fineness of cement

• Affects the rate of hydration.
• Greater fineness increases the surface 

available for hydration, causing greater early 
strength and more rapid generation of heat.

• The Wagner Turbidimeter and the Blaine air 
permeability test for measuring cement 
fineness are both required by ASTM and 
AASHTO.

• Ranges from 3,000 to 5,000 cm2/g (300 to 
500 m2/kg).



Specific gravity

Specific gravity is not an indication of the
quality of the cement, but is required for
concrete mix design calculations. The
specific gravity of Portland cement is
approximately 3.15



Soundness

• Soundness refers to the ability of the cement paste 
to retain its volume after setting, and is related to the 
presence of excessive amounts of free lime or 
magnesia in the cement.

• Expansion in OPC is limited to 10 mm or 0.5%. 

• This change in volume is known as unsoundness 
and may cause cracks, distortion and disintegration 
of concrete



Standard consistence 

• Consistence indicates the degree of density or stiffness of

cement. Therefore, it is necessary to determine the amount

of water content for a given cement to get a mixture of

required consistency.

• Consistency of cement is measured by vicat
apparatus. The paste is said to be of standard
consistency, when the penetration of plunger,
attached to Vicat apparatus, is 33-35 mm.

• The water content of the standard paste is
expressed as a percentage by weight of the dry
cement. The usual range is between 26-33%.

•



Setting Time

• A change from a fluid to a rigid state

• Initial setting of cement is that stage in the process of hardening, after
which any cracks that may appear do not reunite.

• Final setting is that when it has occurred, sufficient strength and
hardness is attained.

•

• The setting process is accompanied by temperature changes in the
cement paste

• Setting time decreases with rise in temperature. Setting time of cement
can be increased by adding some admixture, as sodium carbonate. The
setting time of cement is measured using vicat apparatus with different
penetratingattachments.



Compressive Strength 

The compressive strength of cement is one 
of the most important mechanical 
properties. 



Variation in cement properties

• Composition of clinker minerals

• Microstructure of clinker minerals

• Amount and form of calcium sulphate

• Amount and form of alkalies

• Material temperature

• Particle size gradation (fineness)

• Particle shape
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