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SEM and XRD Analysis of Cement

Element Weight% Atomic%

O 45.63 65.83

Mg 0.43 0.41

Al 1.88 1.61

Si 7.91 6.50

S 1.46 1.05

K 1.03 0.61

Ca 41.66 23.99

Totals 100.00

•Cement particles are tetrahedron in

shape.

•Cement contains alite, belite, aluminate

and ferrite, alkali sulfates and free lime.
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SEM and XRD Analysis of Fly ash

Element Weight

%

Atomic%

C 0.73 1.27

O 50.56 65.51

Na 0.18 0.17

Mg 0.50 0.42

Al 12.82 9.85

Si 25.44 18.77

Ca 0.83 0.43

Fe 6.29 2.33

Totals 100.00

•Fly ash is composed of spherical particles,

ranging in size from 1µm to about 50 µm.

•Fly ash particles are mainly composed of an

impure glassy aluminosilicate.
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Hydration of Portland Cement

 Portland cement is a hydraulic cement, hence it derives its strength from
chemical reactions between the cement and water. The process is known as
hydration.

Properties of cement compounds

 These compounds contribute to the properties of cement in different ways

 Tricalcium aluminate, C3A

• It liberates a lot of heat during the early stages of hydration, but has little strength
contribution.

• Gypsum slows down the hydration rate of C3A. Cement low in C3A is sulfate
resistant.



 Tricalcium silicate, C3S

This compound hydrates and hardens rapidly. It is largely responsible for portland cement’s initial 

set and early strength gain.

 Dicalcium silicate, C2S

C2S hydrates and hardens slowly. It is largely responsible for strength gain after one week.

 Ferrite, C4AF

This is a fluxing agent which reduces the melting temperature of the raw materials in the kiln.

It hydrates rapidly, but does not contribute much to strength of the cement paste.

By mixing these compounds appropriately, manufacturers can produce different types of cement

to suit several construction environments.



Chemical reactions during hydration

• When water is added to cement, the following series of reactions occur

• The tricalcium silicate (alite) is hydrated to produce calcium silicate hydrates, lime and heat

Tricalcium silicate + water calcium silicate hydrate + lime + heat

2 (3Cao.SiO2) + 6H2O  3Cao.2SiO2.3H2O + 3Ca(OH)2 D H = 120 cal/g

The belite (dicalcium silicate) also hydrates to form calcium silicate hydrates and heat:

Dicalcium silicates + water  calcium silicate hydrate + lime
2 (2Cao.SiO2) + 4H2O  3Cao.2SiO2.3H2O + Ca(OH)2     D H = 62 cal/g

oThe calcium silicate hydrates contribute to the strength of the cement paste.

oThis reaction generates less heat and proceeds at a slower rate, meaning that the contribution of
C2S to the strength of the cement paste will be slow initially.

oThis compound is however responsible for the long-term strength of portland cement concrete.



Overview of the Hydration Process

The hydration of cement can be thought of as a two-step process

• In the first step, called dissolution, the cement dissolves, releasing ions into the mix
water.

• The mix water is thus no longer pure H2O, but an aqueous solution containing a variety 

of ionic species, called the pore solution. 

• The gypsum and the cement minerals C3S and C3A are all highly soluble, meaning that
they dissolve quickly.

• Therefore the concentrations of ionic species in the pore solution increase rapidly as
soon as the cement and water are combined.

• Eventually the concentrations increase to the point that the pore solution is
supersaturated, meaning that it is energetically favourable for some of the ions to
combine into new solid phases rather than remain dissolved.





This second step of the hydration process is called precipitation.

• A key point, of course, is that these new precipitated solid phases,
called hydration products, are different from the starting cement
minerals.

• Precipitation relieves the supersaturation of the pore solution and
allows dissolution of the cement minerals to continue.

• Thus cement hydration is a continuous process by which the cement
minerals are replaced by new hydration products, with the pore
solution acting as a necessary transition zone between the two
solid states.

• The reactions between portland cement and water have been studied
for more than a hundred years, and the fact that hydration proceeds
by a dissolution-precipitation process was first elaborated by
the famous chemist Le Chatelier



• Stage 1 is brief because of the rapid formation of an amorphous layer of
hydration product around the cement particles, which separates them from the
pore solution and prevents further rapid dissolution.

• This is followed by the induction period, during which almost no reaction occurs 
(Stage 2). 

• The precise nature of the induction period, and in particular the reason for its
end, is not fully known, or perhaps it should be stated that it is not fully agreed
upon, as there are strongly held but differing opinions among cement chemists.

• During Stage 3, the rapid reaction period, the rate of reaction increases rapidly,
reaching a maximum at a time that is usually less than 24 hours after initial
mixing, and then decreases rapidly again to less than half of its maximum
value. This behavior is due almost entirely to the hydration of the C3S, and the
rate of hydration is controlled by the rate at which the hydration products
nucleate and grow.



• Both the maximum reaction rate and the time at which it occurs depend
strongly on the temperature and on the average particle size of the cement.

• This reaction period is sometimes divided into two stages (before and after the
maximum rate) but as the rate-controlling mechanism is the same throughout
(nucleation and growth) it is preferable to treat this as single stage.

• At the end of Stage 3 about 30% of the initial cement has hydrated, and the
paste has undergone both initial and final set.

• Stage 3 is characterized by a continuous and relatively rapid deposition of
hydration products (primarily C-S-H gel and CH) into the capillary porosity,
which is the space originally occupied by the mix water.

• This causes a large decrease in the total pore volume and a concurrent increase
in strength.

• The microstructure of the paste at this point consists of unreacted cores of the
cement particles surrounded by a continuous layer of hydration product,
which has a very fine internal porosity filled with pore solution, and larger
pores called capillary pores.



• In order for further hydration to take place, the dissolved ions from the cement
must diffuse outward and precipitate into the capillary pores, or water must
diffuse inward to reach the unreacted cement cores.

• These diffusion processes become slower and slower as the layer of hydration
product around the cement particles becomes thicker and thicker.

• This final period (Stage 4) is called the diffusion-limited reaction period.

• The yellow phase is the main hydration product, C-S-H gel.





• At the end of Stage 3, the yellow rims if hydration product have become
interconnected, causing final set and giving paste some minimal strength.

• By 28 days the image is dominated by C-S-H gel and the porosity has
noticeably decreased.

• The final amount of porosity will depends strongly on the initial w/c of the
paste.

• Results of a realistic digital model of cement hydration.

• Phases are color coded:

• Black=water (pores), Red = C3S, Blue =C2S, Yellow = C-S-H gel.

a) Cement particles dispersed in water just after mixing. (Stage 1).

b) 30% hydration, ~ 1 day (end of Stage 3).

c) 70% hydration, ~ 28 days (Stage 4).



TYPES OF CEMENT

1. RAPID HARDENING CEMENT:

• Rapid hardening cement is very similar to ordinary portland cement (OPC).

• It contains higher C3S content and finer grinding. Therefore it gives greater
strength development at an early stage than OPC.

• The one-day strength of this cement is equal to the three-day strength of OPC
with the same water-cement ratio.

• The strength of this cement at the age of 3 days is almost same as the 7 days
strength of OPC with the same water-cement ratio.

• The main advantage of using rapid hardening cement is that the formwork can
be removed earlier and reused in other areas which save the cost of
formwork.

• This cement can be used in prefabricated concrete construction, road works,
etc.



• But, the initial and final setting time of Rapid Hardening Cement is same as that of 
ordinary PPC cement.

• These cements have about 56% of tricalcium silicate which is higher content.

These are due to the following facts,

1. These cements are burned at higher temperatures,

2. The cement is grinded to fine,

3. high percentage of lime content.

Disadvantages of Rapid Hardening Cement:

1. It is costly.

http://www.theconstructioncivil.org/portland-pozzolana-cement-ppc


LOW HEAT CEMENT

• Low Heat Cement as the name indicates these type of cement is used in order to 
reduce the amount of heat evolved during setting.

• But how the heat evolved during setting can be reduced ?

• Yes, the heat during setting can be reduced by lowering the percentage of tri-

calcium aluminate C3A of about 5% an higher percentage of di-calcium silicate 

C2S of about 46%.

• This cement is less reactive and its initial setting time is greater than OPC. 

• This cement is mostly used in mass concrete construction.

Disadvantages of Low Heat Cement:

1. Cannot be used in cold weather conditions because it will retard the setting time 
than in ordinary weather.

2. The compressive strength is lower than that of ordinary cement.



WHITE CEMENT

• White cement is a type of ordinary Portland Cement which is pure white in
color and has practically the same composition and same strength as OPC.

• To obtain the white color the iron oxide content is considerably reduced.

• The raw materials used in this cement are limestone and china clay.

• This cement, due to its white color, is mainly used for interior and exterior
decorative work like external renderings of buildings, facing slabs, floorings,
ornamental concrete products, paths of gardens, swimming pools etc.





SULFATE RESISTING CEMENT

 Sulfate resisting cement is made by reducing C3A and C4AF content.

 Cement with such composition has excellent resistance to sulfate attack.

 This type of cement is used in the construction of foundation in soil where subsoil contains
very high proportions of sulfate.

 Sulphate Resisting Portland Cement is a type of Portland cement in which the amount of
Tricalcium aluminate (C3A) is restricted to lower than 5 % and (2 C3A + C4AF) is lower than
25%.

 SRC can be used for structural concrete wherever OPC or PPC or Slag Cement is usable under
normal conditions.

 The use of SRC is particularly beneficial in such conditions where the concrete is exposed to
the risk of deterioration due to sulphate attack.



The SRC is recommended for following applications

Foundations, piles.

Basements and underground structures.

Sewage and Water treatment plants.

Chemical, Fertilizers and Sugar factories.

Food processing industries and Petrochemical projects.

Coastal works.

Also for normal construction works where OPC is used.

Construction of building along the coastal area within 50 km from sea.



PORTLAND POZZOLANA CEMENT

• Portland Pozzolana Cement is a kind of Blended Cement which is produced by
either intergrinding of OPC clinker along with gypsum and pozzolanic materials
in certain proportions or grinding the OPC clinker, gypsum and Pozzolanic
materials separately and thoroughly blending them in certain proportions.

• Pozzolana is a natural or artificial material containing silica in a reactive form.

• It may be further discussed as siliceous or siliceous and aluminous material
which in itself possesses little, or no cementitious properties but will in finely
divided form and in the presence of moisture, chemically react with calcium
hydroxide at ordinary temperature to form compounds possessing cement
properties.

• It is essential that Pozzolana be in a finely divided state as it is only then that
silica can combine with calcium hydroxide (liberated by the hydrating
Portland Cement) in the presence of water to form stable calcium silicates
which have cement properties.



The pozzolanic materials commonly used are:

Volcanic ash

Calcined clay

 Fly ash

 Silica fumes

Portland Pozzolana Cement is ideally suited for the following construction:

 Hydraulic structures.

 Mass concreting works.

 Marine structures.

 Masonry mortars and plastering.

Under aggressive conditions.

All other applications where OPC is used.

The compressive strength of PPC as per BIS code at present is equivalent to that
of 33 grade OPC



HYDROPHOBIC CEMENT

 Hydrophobic cement is manufactured by adding water repellant chemicals to ordinary
portland cement in the process of grinding.

 Hence the cement stored does not spoiled even during monsoon.

 This cement is claimed to remain unaffected when transported during rains also.

 Hydrophobic cement is mainly used for the construction of water structures such dams,
water tanks, spillways, water retaining structures etc.

 These type of cement contains some of the admixtures like acidol, napthalene soap,
petrolatum (oxidised) along with others.

 These admixtures form a thin film layer over the cement grains. If water is added to
hydrophobic cement, the absorption films are torn of the surface and they do not in any
way, prevent the normal setting of cement.

 But, in initial stage the setting of hydrophobic cement is slow because the admixtures
surrounding as a thin film over the cement grains prevents the interaction with water.

 But the strength after 28 days when compared to that of ordinary cement is same.



Advantages of Hydrophobic Cement:

1. These cements are used in construction of dams, spillways, under water 
constructions.

2. It can also be used in cold weather conditions.

3. Strength is same as that of ordinary cement.

Disadvantages of Hydrophobic Cement:

1. It is very Expensive.

COLORED CEMENT

• This Cement is produced by adding 5- 10% mineral pigments with portland
cement during the time of grinding.

• Due to the various color combinations, this cement is mainly used for interior
and exterior decorative works.



• The amount of colouring material may vary from 5 to 10 per cent.

• If this percentage exceeds 10 per cent, the strength of cement is affected.

1. The chromium oxide gives green colour.

2. The cobalt imparts blue colour.

3. The ton oxide in different proportions gives brown, red or yellow colour

4. The manganese oxide is used to produce black brown coloured cement

The coloured cements are widely used for finishing of floors, external surfaces, artificial
marble, window sill slabs, textured panel faces, stair treads, etc.



WATERPROOF PORTLAND CEMENT

• Waterproof cement is prepared by mixing with ordinary or rapid hardening
cement, a small percentage of some metal stearates (Ca, Al, etc) at the time of
grinding.

• This cement is used for the construction of water-retaining structure like tanks,
reservoirs, retaining walls, swimming pools, dams, bridges, piers etc.

PORTLAND BLAST FURNACE CEMENT

• In this case, the normal cement clinkers are mixed with up to 65% of the blast
furnace slag for the final grinding.

• This type of cement can be used with advantage in mass concrete work such as
dams, foundations, and abutments of bridges, retaining walls , construction in sea
water.



• UltraTech Premium's composition comprising high quality clinker blended with
judicious amounts of superior blast furnace slag having high glass content,
gypsum devoid of deleterious materials and optimum PSD (Particle Size
Distribution) ensures its unsurpassable performance year on year.

• UltraTech Premium Cement can be used for varied building construction
processes which include all types of PCC, masonry and plaster works.

• UltraTech Premium is also extensively used for mass concrete applications like
large foundations, dams, concrete roads among others.

• It is ideal for RCC in marine and aggressive environments due to its superior
resistance to attack of sulphates and chlorides.

• It can be used for structures below the ground and for those that are in contact
with water.

• UltraTech Premium, with superior 28-day compressive strength, forms an ideal
solution for critical applications such as slabs, columns, beams and roofs.



AIR ENTRAINING CEMENT:

• It is produced by air entraining agents such as resins, glues, sodium salts of 
sulfate with ordinary portland cement.

• Air-entrained concrete is produced using air-entraining portland cement, or by
the introduction of air-entraining agents, under careful engineering
supervision, as the concrete is mixed on the job.

• The amount of entrained air is usually between four and seven percent of the
volume of the concrete, but may be varied as required by special conditions.

• Air-entrained portland cement is a special cement that can be used with
good results for a variety of conditions.

• It has been developed to produce concrete that is resistant to freeze-thaw
action, and to scaling caused by chemicals applied for severe frost and ice
removal.



• In  this  cement,  very  small  quantities  of air-entraining materials are added 
as the clinker is being ground during manufacturing. 

• Concrete made with this cement contains tiny, well-distributed and completely 
separated air bubbles. 

• The bubbles are so small that there may be millions of them in a cubic foot  of  
concrete.  

• The  air  bubbles  provide  space  for freezing   water   to   expand   without   
damaging   the concrete.  

• Air-entrained  concrete  has  been  used  in pavements in the northern states for 
about 25 years with  excellent  results.  

• Air-entrained  concrete  also reduces  both  the  amount  of  water  loss  and  the

capillary/water-channel  structure.



HIGH ALUMINA CEMENT

• High alumina cement (HAC) is a special cement, manufactured by mixing of
bauxite ( aluminum ore) and lime at a certain temperature.

• This cement is also known as calcium aluminum cement (CAC).

• The compressive strength of this cement is very high and more workable than
ordinary portland cement.



Characteristics of High Alumina Cement

The characteristics of this cement can be surfacely summarized in following points:

• High alumina cement has low pH

• It has high durability in sulfuric acid

• It hardens rapidly

• It is less reactant than alumina or hydraulic lime

• It has high resistance to chemical corrosion. 

• So, it is widely used also in construction of water pipes, sewage pipes, factory 
drains, coastal constructions and in factory chimneys.



Advantages of High Alumina Cement

Following are the advantages of High Alumina Cement:

1.The initial setting time of this cement is more than 3.5 hours. 

2.The final setting setting time is about 5 hours. 

3.It therefore allows more time for mixing and placing operations.

4.It can stand high temperature.

5.It evolves great heat during setting. It is therefore not affected by frost.

6.It resists the action of acids in a better way.

7.It sets quickly and attains higher ultimate strength in a short period. 

8.Its strength after 1 day is about 40 N/mm2 and that after 3 days is about 
50 N/mm2.

9.Its setting action mainly depends on the chemical reactions and hence it is 
not necessary to grind it to fine powder.



Disadvantages of High Alumina Cement

Following are the disadvantages of High Alumina cement:

1.The extreme care is to be taken to see that it doesn’t come in contact
with even traces of lime or ordinary cement.

2.It cannot be used in mass construction as it evolves great heat as it sets
soon.

3.It is costly.



EXPANSIVE CEMENT

• The cement which does not shrink during and after the time of hardening but 
expands slightly with time is called expansive cement. 

• This type of cement is mainly used for grouting anchor bolts and prestressed 
concrete ducts.

• Expansive concretes are divided into two categories, shrinkage-compensating
and self-stressing.

• Shrinkage-compensating concrete is an expansive cement concrete in which
expansion if restrained induces compressive stresses which approximately offset
tensile stresses in the concrete induced by drying.

• Self-stressing concrete is an expansive cement concrete in which expansion, if
restrained, induces compressive stresses of a high enough magnitude to result in
significant compression in the concrete after drying shrinkage and creep has
occurred.



Testing of Cement

• Field Testing

• Laboratory Testing

Field Testing

 Date of Manufacture

Because of aging reduce the Strength

 Open the bags – No lumps should be present (Means no setting)

 Thrust your Hand into the cement 

There should be cool feeling (Means no heat of hydration, no Setting)

 Pinch of cement between the fingers – It should give the smooth feeling (No 
setting)



Period of Storage Percentage age of 28 days Strength

Fresh 100

3 months 80

6 months 70

12 months 60

24 months 50



Field Testing

• Hand full of cement thrown on water 

It should float initially before finally setting

• Take 100 gms of cement, make stiff paste prepare cake with sharp edges, put 
on glass plate and Immerse in water

 Shape should not disturbed

 It should set and attain strength



Laboratory Tests

• Fineness Test

Sieve Test

Air permeability Test

• Standard Consistency

• Setting Time

Initial Setting Time

Final Setting Time

• Strength Test

• Soundness Test



Sieve Test
• Fineness of cement has an important bearing on the rate of hydration

• Rate of gain of strength and also rate of evolution of heat.

• Finer cement offers a greater surface area for hydration and faster the 
development of strength.

• The fineness of grinding has increased over the years, but now it has got nearly 
stabilised.

• Different cements are ground to different fineness.

• The disadvantage of fine grinding is that is susceptible to air-set and early 
deterioration.

• Max number of particles in a sample of cement should have a size less than about 
100 microns (1 micron = 0.001mm).

• The smallest particle may have a size of 1.5 micron

• Large and average size of the cement particles may be taken about 10 micron



• The particle size fraction below 3 microns has been found to have the predominant 
effect on the strength at one day.

• 3-25 micron fraction has a major influence on the 28 days strength.

• Increase in fineness of cement is also found to increase the drying shrinkage of 
concrete.

• In commercial cement it suggested that there should be about 25-30 percent of 
particles of less than 7 micron in size.

• Fineness of cement tested by two ways

• By Sieving

• By determining the Specific surface area by air permeability apparatus.



Fineness of Cement
• Fineness is measure of size of particle of cement.

• It is expressed as specific surface of cement (in sq.cm/gm)

Fineness

of Cement

Cement

Expresses as 
Specific surface of 

Cement

Measure of Size 
of Particle



Air Permeability Method

• Step 1: Take 200 gms of Cement and 90 micron Sieve

• Step 2 : Sieve the cement on 90 micron sieve and the weight retained on 90 
micron indicates the particles greater than 90 micron.

• Step 3: Weigh the material retained on 90 micron and calculate the residue.

example:

Portland Cement the specified limit is 10%

Rapid hardening cement the specified limit is 5%

The accurate method of determining the fineness is Blain Air Permeability 
Apparatus



• The principle is based on the relation between the flow of air through the cement 
bed and the surface areas of the particles comprising the cement bed.

• The apparatus consists of Permeability cell of 12.5mm dia and 50mm height.

• The bottom portion of the cell consists of the conical shaped which is connected 
to the U-tube manometer through the rubber coupling.

• Prevention of the conical and cylindrical portion can be hold through 
perforated metal disc of 1mm height and filter paper disc.

• U tube manometer has one arm with the stop cock and a pressure bulb. This
pressure bulb creates the pressure in the two arms and other end of the
manometer is open to atmosphere.



• Apply the oil inside the apparatus of the permeability cell.

• Place the filter paper disc and metal disc on top and gently lower it down 
through the metal rod.

• The permeability cell of the cylindrical cell is filled with 2.8 gms of cement.

• The required volume of the cell is filled with cement and plunger coller comes 
in contact with the top of the cell.

• Connect the permeability cell to the rubber coupling and open the stop cock and 
press the pressure bulb till the liquid in the manometer till depressed and 
close the stop cock till the water touches the bottom line.

• After that start the stop watch when the water level is at mark B and stop the stop 
watch when the water touches the mark C.

• Note the time t in sec.

• Determine the specific surface area s by using the formula 

S= K (T)0.5



• K is constant and present we will take it as 486.

• Putting the value time t in seconds in the above equation which is approximately 
36 sec.

• The measured specific surface area will be 486 (36)0.5                                                                            

2916 cm2/g

• Minimum of three observations must be taken for average value of S specific 

surface area of cement.

• The value of K can be determined by using a standard cement sample of 

known specific area and measuring the standard weight of cement which is 

normally taken as 2.8 gms.

• For the present case the specific surface area of the standard cement is given 

as 3400 cm2/g and T is measured as 49.

K = 3400/490.5 = 486



Standard Consistency or Normal consistency of Cement

• Standard consistency of a cement paste is defined as that consistency which will
permit a vicat plunger having 10 mm dia and 50 mm length to penetrate to a depth
of 33-35 mm from top of the mould.

• Standard Consistency Test (IS:4031-Part 4-1988)

• The apparatus is used to find out the percentage of

water required to produce a cement paste of Standard

Consistency.

• The standard consistency of the cement paste some time called Normal
Consistency.

• The diameter of the mould is 80mm dia and 40mm depth.



• Take 500 gms of cement and prepare a paste with a weighed quantity of water 
(say 24 percent for the first trail).

• The paste must be prepared in a standard manner and filled into the vicat mould 
with in 3-5 minutes.

• A standard plunger, 10mm dia, 50mm long is attached and brought down to 
touch the surface of the paste in the test block and quickly resealed allowing it to 
sink into the paste by its own weight.

• Similarly conduct the trails with higher and higher water cement ratios till such 
time the plunger penetrate for a depth of 33-35mm from the top.

• The percentage is usually denoted by ‘P’.

• The test is required to be conducted in a constant temperature 

(27±2⁰C and relative humidity of 90%).



Setting Time Test
• The setting time of cement was divided as 

• Initial Setting Time

• Final Setting Time

• Initial setting time is regarded as the time elapsed between the moment that the
water added to the cement, to the time that the paste starts losing its plasticity.

• The final setting time is the time elapsed between the moment the water is added
to the cement, and the time when the paste has completely lost its plasticity.

• In actual CNST dealing with cement paste, mortar or concrete certain time is
required for mixing, transportation, placing, compacting and finishing.

• During this time cement paste, mortar or concrete should be in plastic condition.

• The time interval for which the cement products remain in plastic condition is
known as initial setting time.



• Normally a minimum of 30 minutes is given for mixing and handling operations.

• The constituents and fineness of cement is maintained in such a way that the 
concrete remains in plastic condition for a certain minimum time.

• Once the concrete is placed in the final position, compacted and finished, it 
should lose its plasticity in the earliest possible time so that is least vulnerable 
to damages from external agencies.

• This time should not be more than 10 hours which is often refereed to as final 
setting time.

• Setting time Test (IS:4031-Part 5-1988)

• Take 500 gms of cement sample and guage it with 0.85 times the water required to
produce cement paste of standard consistency (0.85P).



Initial Setting Time
• Take 500 g of cement.

• Prepare a neat cement paste by gauging the cement with 0.85 times the water
required to prepare a paste of standard consistency (P) i.e. 0.85P.

• Start a stopwatch at the instant when water is added to the cement.

• Fill the vicat mould with cement paste gauged as above, the mould resting on a
nonporous plate.

• Fill the mould completely and smooth off the surface of the paste making it level
with the top of the mould.

• The cement block thus prepared in the mould is the test block.



DETERMINATION OF INITIAL SETTING TIME

• Place the block confined in the mould and resting on the non-porous plate under
the vicat rod bearing initial setting needle.

• Lower the setting needle gently in contact with the surface of the test block and
quickly release allowing it to penetrate into test block.

• In the beginning the needle will completely pierce the test block. Repeat this
procedure until the needle, when brought in contact with the test block and
released as described above, fails to pierce the block for about 5mm measured
from the bottom of the mould.

• The period elapsing between the time when water is added to the cement and the
time at which the needle fails to pierce the test block by about 5mm shall be
the initial setting time.



DETERMINATION OF FINAL SETTING TIME

• Replace the initial setting needle of the Vicat apparatus by the needle with an annular
attachment.

• The cement shall be considered as finally set, when upon applying the needle gently to
the surface of the test block, the needle makes an impression there on, while the annular
attachment fail to do so.

REFERRED INDIAN STANDARD CODES

1. IS 4031 (Part – 5) – 1988 (Reaffirmed 2005) – Indian Standard Methods of Physical
tests for Hydraulic Cement – Determination of Initial and Final Setting times.

2. IS 5513 – 1996 (Reaffirmed 2005) – Indian Standard Vicat’s Apparatus-Specifications.

3. IS 269 – 2013 – Indian Standard Ordinary Portland Cement, 33 Grade – Specification

4. IS 8112 – 2013 – Indian Standard Ordinary Portland Cement, 43 Grade – Specification

5. IS 12269 – 1987 (Reaffirmed 2004) – Indian Standard Specification for 53 Grade
Ordinary Portland Cement



Strength Test
• The compressive strength of hardened cement is the most important of all the

properties.

• Therefore, it is not surprising that the cement is always tested for its strength
based on cement mortar in the laboratory before the cement is used in
important works.

• Strength tests are not made on neat cement paste because of difficulties of
excessive shrinkage and subsequent cracking of neat cement.

• Strength of cement is indirectly found on cement sand mortar in specific
proportions.

• The standard sand is used for finding the strength of cement (conforms to IS
650-1991).

• Cement 200 g and Standard Sand 600 g, Water (P/4 + 3) percent of combined
mass of cement and sand, where P is the percentage of water required to produce a
paste of standard consistency determined as described in IS : 4031 (Part 4)-1988.



• The time of mixing should not be less than 3 minutes nor more than 4 minutes.

• Immediately after mixing the mortar is filled into a cube mould of size 7.06cm.



• Compact the mortar either by hand compaction or in a vibrating equipment (12000 
RPM) for 2 minutes.

• Keep the compacted cube in the mould at a temperature (27±2⁰C and relative humidity 
of 90%) for 24 hours.

• At the end of vibration, remove the mould together with the base plate from the machine

and finish the top surface of the cube in the mould by smoothening the surface with the

blade of a trowel.

• Curing Specimens - keep the filled moulds in moist closet or moist room for 24 ± 1

hour after completion of vibration.

• At the end of that period, remove them from the moulds and immediately submerge in

clean fresh water for curing.

• The water in which the cubes are submerged shall be renewed every 7 days and shall be

maintained at a temperature of 27 ± 2°C. After they have been taken out and until they

are broken, the cubes shall not be allowed to become dry.

• Test three cubes for compressive strength for each period of curing mentioned under

the relevant specifications (i.e. 3 days, 7 days, 28 days)



• The average 7 Days Compressive Strength of given cement sample is

• The average 28 Days Compressive Strength of given cement sample is

REFERRED INDIAN STANDARD CODES:

1. IS 4031 (Part – VI) – 1988 (Reaffirmed 2005) Indian Standard Methods of Physical tests for

Hydraulic cement – Compressive Strength of Cement.

2. IS 650 – 1991 ( Reaffirmed 2008) Standard Sand for Testing Cement – Specification

3. IS 12269 – 1987 (Reaffirmed 2004) – Indian Standard Specification for 53 Grade Ordinary

Portland Cement.

• Standard sand is used to assess the quality of cement, lime, pozzolana and other mineral

admixture used in construction industry.

Particle size Percentage 

2mm to 1mm 33.33

1mm to 500 micron 33.33

500 micron to 90 micron 33.33



Soundness Test

• It is important that the cement after setting shall not undergo any appreciable
change of volume.

• Cements have been found to undergo a large expansion after setting causing
disruption of the set and hardened mass.

• This will cause serious difficulties for the durability of structures when such
cement is used.

• The testing of soundness of cement to ensure that the cement does not show any
appreciable subsequent expansion.

• The unsoundness in cement is due to the presence of excess of lime combined
with acidic acid oxide at the kiln.

• This is due to inadequate burning or insufficient in fineness or grinding or
through mixing of raw materials.



• It also likely that too high proportion of magnesium content or calcium sulphate 
content may cause unsoundness in cement.

• For this reason the magnesia content allowed in cement is limited to 6 percent.

• It can be recalled that, to prevent the flash set, calcium sulphate is added to the 
clinker while grinding.

• The quantity of gypsum added will vary 3 to 5 percent depending up on C3A 
content.

• If the addition of gypsum is more than that could be combined with C3A, excess 
of gypsum will remain in free state.

• The excess of gypsum lead to the expansion and consequent disruption of the set 
cement paste.

• Unsoundness of cement is due to the excess of lime, excess of magnesia or 
excessive proportion of sulphates.

• Accelerated tests are required to detect it.



• The apparatus consist of a small split cylinder of spring brass or other metal.

• It is 30mm in diameter and 30mm high and on either side of the split are
attached two indicator arms 165mm long with pointed ends.

• Before commencing setting time test, do the consistency test to obtain the water 
required to give the paste normal consistency (P).

• Prepare a paste by adding 0.78 times the water required to give a paste of 
standard consistency (i.e. 0.78P).

• Lightly oil the Le-chatelier mould and place it on a lightly oiled glass sheet.

• Fill the mould with the prepared cement paste.

• In the process of filling the mould keep the edge of the mould gently together.

• Cover the mould with another piece of lightly oiled glass sheet, place a small 
weight on this covering glass sheet.

• Submerge the whole assembly in water at a temperature of 27 ± 20 C and keep 
there for 24 hours.



• Measure the distance between the indicator points.

• Submerge the mould again in water. Heat the water and bring the boiling point in
about 25-30 minutes and keep it boiling for 3 hours.

• Remove the mould from the water, allow it to cool and measure the distance
between the indicator points.

• The distance between these two measurements represents the expansion of
cement.

• This must not exceed 10mm for ordinary, rapid hardening and low heat
Portland cements.

• If the expansion is more than 10mm as above said to be unsound.



ADMIXTURES
• Classification of Admixtures

Chemical Admixtures

Mineral Admixtures

According to the characteristics effects produced by the chemical admixtures used 
are as follows

 Plasticizers

Retarders and Retarding admixtures

Accelerators and Accelerating Plasticizers

Air- entraining Admixtures

Corrosion inhibiting admixtures

 Shrinkage Reducing Admixtures

Water (or) damp proofing and permeability reducing admixtures



Mineral Admixtures

Cementitious

 Pozzolanic

• GGBS (Ground granulated blast Furnace Slag)

• Fly ash

• Silica Fume

• Rice Husk ash



Chemical admixtures in Concrete
• Chemical admixtures are the ingredients in concrete other than Portland cement,

water and aggregates.

• They are added to the mix immediately before (or) during mixing.

• Producers use admixtures primarily to reduce the cost of concrete construction.

• To modify the properties of the hardened concrete.

• To ensure the quality of concrete during mixing, transporting, placing and
curing and to overcome certain emergencies during concrete operations.

• Successful use of admixtures depending up on the use of appropriate methods of
batching and concreting.

• Most of the admixtures are supplied in ready to use liquid form and are added
to concrete at plant (or) at the job site.

• Certain admixtures such as pigments, expansive agents and pumping aids are
used only in small amounts and are usually batched by hand from premeasured
containers.



The effectiveness of an admixture depends on several factors including

• Type and amount of cement

• Water content

• Mixing time

• Slump

• Temperature of concrete and air

Plasticizers (Water reducing)

• To achieve a higher strength by decreasing the water to cement ratio at the 
same workability as an admixture free mix.

• To achieve the same workability by decreasing the cement content so as to 
reduce the heat of hydration in mass concrete.

• To increase the workability so as to ease placing in accessible locations

• Water reduction is more than 5% but less than 12%.





• Admixtures are classified according to function there are five distinct of classes of 
chemical admixtures

• Air entraining admixtures

• Water reducing

• Retrading admixtures

• Accelerators

• Water-reducing admixtures

• Plasticizers

• Air- entrained Admixtures: Air-entraining admixture help to incorporate a
controlled amount air of air in the form of minute bubbles in concrete during
mixing, without significantly altering the setting (or) the rate of hardening
characteristics of concrete.

• It is generally recognised that a proper amount of entrained air results in
improved workability, easier placing, increasing durability better resistance
to frost action and reduction in bleeding and water gain.



• Microscopic air bubbles intentionally incorporated in mortar (or) concrete during
mixing usually by use of a surface active agent typically between 10 and 1000
micron in dia (spherical).

• It is the process where small air bubbles are incorporated into concrete and
become a part of the matrix that binds the aggregate in the hardened concrete.

• The air bubbles are dispersed through out hardened cement paste.

• The air voids present in concrete can brought under two types

 Entrapped air

 Entrained air

• It is important to note that entrained air is not the same as entrapped air.

• Entrapped air is created during improper mixing, consolidating and placement
of the concrete.

• Air pockets, or irregularly sized air voids, are spread throughout the concrete
and have negative effects on product appearance, strength and durability.

• Proper vibration techniques can be helpful in removing entrapped air.



• Entrained air is intentionally created by adding a liquid admixture specifically
designed for this purpose.

• The goal is to develop a system of uniformly dispersed air voids throughout the
concrete.

• Proper use of air-entraining admixtures ensures the development of the
correct spacing, size (usually measured in micrometers) and amount of these
voids.

• These voids absorb the pressure created by the expansion of the freezing
water.





Factors affecting air entrainment

• Type and quantity of air entraining agents used

• Water  cement ratio of mix

• Type and grading of aggregates

• Mixing time

• Temperature

• Type of cement

• Influence of compaction

• Admixture other than air entraining agent used



Incidentally air entrainment will affect the properties in following ways

• Reduce the tendencies of Segregation

• Reduces the bleeding

• Decrease the Permeability

• Increase the resistance to chemical attack

• Permits reduction in sand content, water content, cost and heat of hydration

• For every 1% of additional air entrained, concrete strength will fall by around 
5%.

Commonly available air entraining agents

• Eucon Air Mix 250

• Eucon AEA-92

• Eucon AEA-92S

• Conplast PA21

http://www.euclidchemical.com/products/mining-tunneling/concrete-admixtures/air-entraining-admixtures/eucon-air-mix-250/
http://www.euclidchemical.com/products/mining-tunneling/concrete-admixtures/air-entraining-admixtures/eucon-aea-92/
http://www.euclidchemical.com/products/mining-tunneling/concrete-admixtures/air-entraining-admixtures/eucon-aea-92s/


Accelerators

• Accelerators are those admixtures which reduce initial setting time and acquires

Strength more rapidly of the concrete when they are added.

Advantages:

• Shortens curing time

• Reduces form time

• Reduces the bleeding of concrete

• Earlier finishing of surface

• Improves the durability of concrete



Commonly used accelerators are 

• Calcium chloride (Cacl2)

• Sodium chloride (Nacl)

• Aluminium chloride (Alcl3)

• Sodium Sulphate (Na2SO4)

• Sodium Hydroxide (NaOH)

• Potassium Hydroxide (KOH)

• Potassium Sulphate (K2SO4)

• Under Normal conditions calcium chloride reduces initial setting time about 1-

3 hours.

• Final setting time about 2-6 hours and doubles one day strength.



• Sodium Hydroxide (NaOH) gives rise to very rapid hydration in first two 
hours.

• Sodium Chloride (Nacl) increases early strength and decreases 28 days 
strength.

• Aluminum chloride (Alcl3) is used when concrete is required to set in few minutes 
(called flash set) in order to stop water seepage under pressure.

Commonly available accelerators:

Conplast p509: To improve density and quality

Conplast NC: Chloride free liquid accelerators

Renderoc Plug: Rapid Setting Mortar

Render RG: For repairing to damaged reinforced concrete elements



Water Reducing Admixtures (Plasticizers)
• Water-reducing admixtures are chemical products that when added to concrete can

create a desired slump at a lower water-cement ratio than what it is normally
designed.

• Water-reducing admixtures are used to obtain specific concrete strength using
lower cement content.

• Usually reduce the required water content for a concrete mix by 5-10 percent.

• With this type of admixture, concrete properties are improved and help place
concrete under difficult conditions.

• Water reducers have been used primarily in bridge decks, low-slump concrete
overlays, and patching concrete.

• Consequently concrete containing water reducing admixture needs lees water to
reach a required slump than untreated concrete.

• The treated concrete concrete have low water-cement ratio.

https://www.thebalance.com/advantages-of-using-slipform-concrete-curb-machines-844572


• The use of WRA may accelerate or retard the initial setting time of concrete.

• The WRA that retards the initial setting time more than three hours later is classified
as WRA with retarding effect (Type D).

• Commonly used WRA is lignosulfonates and hydrocarboxylic (HC) acids.

• The use of HC acids as WRA requires higher water content compared to the
lignosulfonates.

• Rapid bleeding is a problem for concrete treated with HC acids.

• Increase of slump is different according to its type and dosage.

• WRA has been used primarily in hot weather concrete.

• Careful concrete placement is required, as the initial setting time of concrete will take
place an hour earlier.

• It is also shown that the use of WRA will give a higher initial concrete compressive
strength (up to 28 days) by 10% compared to the control mixture.

• WRA is that higher concrete density is achieved which makes the concrete less 
permeable and have a higher durability.



Actions involved:

1.Dispersion:

• Surface active agents alter the physic chemical forces at the interface.

• They are adsorbed on the cement particles, giving them a negative charge which
leads to repulsion between the particles.

• Electrostatic forces are developed causing disintegration and the free water
become available for workability.

2.Lubrication:

• As these agents are organic by nature, thus they lubricate the mix reducing the
friction and increasing the workability.

3.Retardation:

• A thin layer is formed over the cement particles protecting them from hydration
and increasing the setting time.

• Most normal plasticizers give some retardation, 30–90 minutes



Super Plasticizers(HRWR)
• It was developed in Japan and Germany during 1960 and 1970.

• They are chemically different from normal plasticizer

• Reduce the water requirement by 12-30%

• The mechanism is more (or) less same as plasticizer

Advantages of super Plasticizers

• Significant water reduction

• Reduced cement content

• Increased workability

• Reduce the effort required for placement

• More rapid rate of early strength development

• Increased long term strength

• Reduced permeability



Disadvantages

• Additional slump cost

• Slump loss greater than conventional concrete

• Less responsive with some content

Classification

• Sulphonated malanie-formaldehyde condensates (SMF)

• Sulphonated naphthalene-Formaldehyde condensates (SNF)

• Modified Ligno sulphonates (MLF)

• Polycarboxylate derivates

• Cross linked acrylic polymer (CLAP)

• Polycarboxylate ester (PC)

• Multi carboxylate esters (MCE)



Retarders
• Retarders are those admixtures, which decrease the rate of hydration and

delay the setting time of concrete.

• To delay (or) extend the setting time of cement paste in concrete.

• These are helpful for concrete that has to be transported to long distance, and
helpful in placing the concrete at high temperature.

• Calcium sulphate in the form of gypsum generally added during the
manufacturing of cement.

• Use of gypsum is recommended when adequate inspection and control is
available.

• Addition of excess amount may cause undesirable expansion and indefinite
delay in setting time of concrete.

• Sodium bicarbonate, starch, salts of cellulose and oxide of cellulose



• At normal addition of 2% of sugar also extends final setting time.

• 0.1% of sodium hexametaphosphate drags the initial setting time about 12 hours.

Commonly available retarders

• Conplast X4211C- Increases the water proofing properties of concrete and 
cement.

• Conplast SP337: For precast elements

• Conplast WP90: To reduce the permeability of concrete.

• Rendroc RG: For repair works particularly where access is restricted where 
vibration of placed material is difficult.



Type of Admixture Desired Effect Material

Anti-wash Admixtures

Cohesive concrete for under 

water placements

Cellulose, acrylic polymer

Bonding Admixtures

Increase the bond strength Polyvinyl Chloride

Poly Vinyl acetate

Colouring Admixture

Coloured Concrete Chromium Oxide

Titanium Oxide

Corrosion Inhibitors

Reduce the steel Corrosion 

Activity

Calcium Nitrate

Sodium Nitrate



Pozzolanic or Mineral admixture
The best Pozzolanas in optimum proportions mixed with Portland cement improves
many qualities such as:

• Lower the heat of hydration and thermal shrinkage

• Increases the water tightness

• Improves the resistance to attack by sulphate soil and sea water

• Lower susceptibly to dissolution and leaching

• Improve workability

• Lower costs



Pozzolanic Materials

• Pozzolanic materials are siliceous or siliceous and alumina materials, which in
themselves possess little or no cementitious value, but will, in finely divided form
and in the presence of moisture, chemically react with calcium hydroxide liberated
on hydration, at ordinary temperature, to form compounds, possessing
cementitious properties.

• On hydration of tri-calicum silicate and di-calcium silicate, calcium hydroxide
is formed as one of the products of hydration.

• This compounds has no cementitious value and it is soluble in water may be
leached out by the percolating water.

• The siliceous or aluminous compound in a finely divided form react with the
calcium hydroxide to form highly stable cementitious substances of complex
composition involving water, calcium and silica.



• Amorphous silicate reacts much more rapidly than the crystalline form.

• It is pointed out that calcium hydroxide, otherwise, a water soluble material is
converted into insoluble cementitious material by the reaction of pozzolanic
materials.

Pozzolan + calcium hydroxide + water -------------- C-S-H (Gel)

• This reaction is called pozzolanic reaction.

• The characteristic feature of pozzolanic reaction is initially slow, with the result
that heat of hydration and strength development will be accordingly slow.

• The reaction involves the consumption of Ca(OH)2 and not the production of Ca(OH)2

• The reduction of Ca(OH)2 improves the durability of cement paste by making the paste dense
and Imprevious.



Fly ash
• Fly ash is finely divided residue resulting from combustion of powdered coal and

transported by the flue gases and collected by electrostatic precipitator.

• In U.K it is referred as pulverised fuel ash (PFA).

• Fly ash is the most widely used pozzolanic material all over the world.

• Fly ash was first used in large scale in the construction of Hungry Horse dam in
America in the year 1984 in the approximate amount of 30 percent by weight of
cement.

• In India, fly ash was been used in Rihand dam construction replacing cement up to
about 15 percent.

• In recent time, the importance and use of fly ash in concrete has grown so much
and almost it become a common ingredient in concrete, particularly for making
high strength and high performance concrete.

• High volume fly ash concrete is a subject of current interest all over the world.



• The use of fly ash not only as a concrete admixture not only extends technical
advantages to the properties of concrete but also contributes to the environmental
pollution control.

• In India alone, we produce more than 100 million tons of the fly ash per year, the
disposal of which has became a serious environmental problem.

• It was estimated that global production of cement is about 1.3 billion tons in 1996.

• Production of every ton of cement emits carbon dioxide to the ton of about 0.87
ton.

• It can be said that 7% of the world’s carbon dioxide emission attributable to
Portland cement industry.

• Because of the significant contribution to the environmental pollution and to the
high consumption of natural resources like limestone etc., we cannot go on
producing more and more cement.

• There is a need to economise the use of cement, one of the practical solutions to
economise cement to replace cement with supplementary cementitious
materials like fly ash and GGBS.



• In india, total production of fly ash is nearly as much as that of cement (75 million 
tons). But our utilization of fly ash is only about 5% of the production.

• There are two ways that the fly ash can be used 

• One way is to intergrind the certain percentage of fly ash with cement clinker at 
the factory to produce (PPC).

• Second way is to use the fly ash as an admixture at the time of making the 
concrete at the site.

• The quality of the fly ash is governed by IS 3812 part I-2003.

• High fineness, low carbon content, good reactivity are the essence of good fly ash.

• One of the important characteristics of fly ash is the spherical form of the 
particles.

• This shape of the particles improves the flow ability and reduces the water 
demand.



Chemical composition of Fly ash and GGBS

Chemical Composition Fly ash GGBS

SiO2 60.11 34.06

Al2O3 26.53 20

Fe2O3 4.25 0.8

SO3 0.35 0.9

CaO 4.00 32.6

MgO 1.25 7.89

Na2O 0.22 NIL

LOI 0.88 NIL



SEM & EDAX OF FLY ASH & GGBS



ASTM broadly classify fly ash into two classes

Class F: Fly ash normally produced by burning anthracite or bituminous coal,
usually has less than 5% Cao. Class F fly ash has pozzolanic property.

Class C: Fly ash normally produced by burning lignite or sub-bituminous coal.
Some times class C fly ash may have Cao content in excess 10%.

In addition to the pozzolanic properties, class C fly ash possesses cementitious
properties.

Fly ash when tested in accordance with the methods of test specified in IS1727-
1967.

Effect of fly ash in Fresh Concrete:

• The ESP fly ash collected in chambers I and II are generally very coarse, non
spherical particles showing large ignition loss.

• They can be called coal ash rather than Fly ash.

• Such fly ash are not suitable for use of Pozzolana and they do not reduce the water
demand.



• Use of right quality of the fly ash, results in reduction of water demand for desired
slump.

• With the reduction of unit water content, bleeding and drying shrinkage will also
be reduced.

• Since the fly ash is not highly reactive, the heat of hydration can be reduced
through replacement of part of the cement with fly ash.

Effects of fly ash on Hardened concrete

• Fly ash when used in concrete, contributes to the strength of concrete due to its
pozzolanic reactivity.

• Pozzolanic reaction proceed slowly, the initial strength of fly ash concrete tend to
be lower than the concrete with out the fly ash.

• Due to continued pozzolanic reactivity concrete develops greater strength at later
age, which may exceed that of the concrete without fly ash.

• The pozzolanic reaction also contributing to making the concrete dense, resulting
in decrease of water permeability and gas permeability.



RICE HUSK ASH 
• Rice husk is obtained by burning rice husk in a controlled manner without causing

environmental pollution.

• When properly burnt it has high SiO2 content can be used as concrete admixture.

• Rice husk ash exhibits high pozzolanic characteristics and contributes to high strength and high
impermeability concrete.

• RHA essentially consists of amorphous silica (90% SiO2), 5% carbon and (2% K2O). 

• The specific surface area of RHA is between 40-100 m2/g.

• India produces about 122 million ton of paddy every year. 

• Each ton of paddy produces about 40 kg of RHA.

• There is a good potential to make use of RHA as a valuable pozzolanic material to give almost 

the same properties as that of micro silica



• In U.S.A, highly pozzolanic rice husk ash is patented under trade name Agro silica
and is marketed.

• Agro silica exhibit superpozzolanic property when used in small quantity (10% by
weight of cement and it greatly enhances the workability and impermeability of
concrete.

• It is a material of future as concrete admixtures.

GGBS (Ground Granulated Blast Furnace Slag)

• It is a non metallic product consisting of essentially of silicates and aluminates of
calcium and other bases.

• The molten slag is rapidly chilled by quenching in water to form a glassy sand like
granulated material.

• The granulated material when further ground to less than 45 micron and it will
have the specific surface area of about 400 to 600 M2/kg.

• In India, we produce about 7.8 million tons of blast furnace slag.



• All the blast furnace slag are granulated by quenching the molten slag by which
high power jet, making 100% glassy granules of 0.4mm size.

• The blast furnace slag is mainly used in india for manufacturing the slag cement.

• There are two methods for making the blast furnace slag cement.

• In the first method blast furnace slag is intergrind with cement clinker along with
gypsum.

• In the second method blast furnace slag is separately ground and then mixed with
the cement.

• Clinker is highly reactive than slag.

• Slag should be ground finer than clinker, in order to fully develop its hydraulic
potential.

• Slag is much harder and difficult to grind compared to clinker, it is ground
relatively coarser during the process of inergrinding.



• The hydraulic potential of both the constituents- clinker and slag can be exploited 
if they are ground separately.

• The level of fineness can be controlled with respect to activity, which will result in 
energy saving.

• Slag is ground to level of 3000-4000 cm2/g  and stored separately.

Performance of GGBS in concrete

• The replacement of cement with GGBS reduce the unit water content necessary to 

obtain the same slump.

• The reduction in water content will be more pronounced with increase in slag 

content and also on the fineness of slag.

• This is because of the surface configuration and the particle shape of being 

different from the cement particle.



• In addition, water used for mixing is not immediately lost, as the surface hydration 
of slag is slightly slower than that of the cement.

• Reduction in bleeding is not significant with slag 4000 cm2/g fineness.

• Significant beneficial effect is observed with slag fineness of 6000 cm2/g .

Hardened Concrete

• Reduced heat of hydration.

• Refinement of pore structures

• Reduced permeabilities to the external agencies.

• Increased resistance to chemical attack

At present in India, it used for blended cement, rather than as cement admixture

In large projects with central batching plant and RMC this cement substitute
material could be used as useful mineral admixture and save the cement cost up to
60 to 80 percent.



Metakaolin
• Considerable Research has been done on natural Pozzolana, namely on thermally

activated ordinary clay and kaolinite clay.

• These unpurified materials often been called Metakaolin.

• Although it showed certain amount of pozzolanic properties, they are not highly
reactive.

• Highly reactive metakaolin is made by water processing to remove unreactive
impurities to make 100% reactive pozzolan.

• The product is white or cream colour, purified thermally activated is called Highly
reactive Metakaolin.

• Highly reactive metakaolin shows high pozzolanic reactivity and reduction in
Ca(OH)2 even as early as one day.

• It is observed that the cement paste undergoes distinct densification.



• The improvement offered by this densification includes an increase in strength and 
decrease in permeability.

• Highly reactive metakaolin is having the potential to compete with silica fume.

• Highly reactive metakaolin by trade name “Metacem” is being manufactured and 
marketed in India.

Silica Fume
• Silica fume also refereed to as micro silica or condensed silica fume, is another 

material that is used as artificial pozzolanic admixture.

• Silica fume is very fine pozzolanic material composed of ultrafine, amorphous 
glassy sphere (average diameter 0.10 to 0.15mm) of composed silicon dioxide 
produced during the manufacture of silicon or ferro-silicon by electric arc furnaces 
at a temperature of over 20000C.

• Silica fume specific surface area of about 20,000 m2/kg.

• Silica fume covered under IS 15388:2003.  



• Micro silica is much reactive than fly ash or any other natural Pozzolana.

• The reactivity of a Pozzolana can be quantified by measuring the amount of
Ca(OH)2 in the cement paste at different times.

• In one case, 15% of micro silica reduced the Ca(OH)2 of two samples of cement 
from 24% to 12% at 90 days and from 25% to 11% in 180 days.

• Most research workers agree that the C-S-H formed by the reaction between micro 
silica and Ca(OH)2 appears dense and amorphous.



Aggregates

• Aggregates are primarily naturally occurring inert granular materials such as sand, 
gravel (or) crushed stone.

• It constitutes about 85% of the total volume of the concrete.

Requirements of good aggregates

• It should be chemically inactive

• It should be sufficiently strong

• It should be hard enough

• It should be durable

• It should have rough surface

• It should be of proper shape

• It should be limited pores 



Classification of aggregates
1. According to source (or) nature of formation

2. According to size

3. According to shape

4. According to unit weight

According to source

• Natural aggregate

• Artificial Aggregate

Natural Aggregate: Main sources of these aggregates are natural deposits of sand 
and gravel (or) obtained from quarries by cutting rocks.

These rocks are generally of three types

• Igneous Rocks



• Sedimentary Rocks

• Metamorphic Rocks

• The aggregates obtained from Igneous rocks match the requirement to the greater 
extent.

• Also sedimentary rocks provide the good quality of aggregates.

• Metamorphic rocks are not used for aggregates because of formation of thin 
structure which are not desirable.

Artificial Aggregates:

• These aggregates are generally obtained from natural aggregates by performing 
certain chemical reactions.

• Applying force, heating the natural aggregates etc.

Example: Broken bricks, fly ash, Blast furnace slag etc.





According to size
• Fine aggregate

• Coarse aggregate

• All-in-aggregates

Fine aggregate: Fine aggregates are those aggregates which can pass through 
4.75mm IS sieve 

Ex: Silt, clay etc.

• Fine aggregates are natural sand, crushed stone, sand and crushed gravel stone.

• Fine aggregate contribute towards reducing the no of voids

• Increases the workability

• Increases the volume

• Reduces the cost

• Proper density is provided



Coarse Aggregate
• These are the aggregates which are the residue of the 4.75 mm IS sieve and passed 

through 75mm IS Sieve.

• Coarse aggregate consists of crushed gravel, uncrushed gravel and partially 
crushed gravel.

• These aggregates are formed by natural disintegration of rocks (or) by artificial 
crushing of rocks (or) gravel.

All-in-Aggregates:

• All-in-aggregates are combine mixture of fine aggregates and coarse aggregates.

• It contains various fractions of fine and coarse aggregate.

• For high quality of concrete these type of aggregates are used.





According to shape

• Rounded Aggregates 

• Irregular aggregates 

• Angular aggregates

• Flaky and elongated aggregates

Rounded Aggregates: 



• In rounded aggregates less amount of cement is required for preparing concrete of 
good quality.

• There are 33 to 35% of voids in rounded aggregates.

• Due to smooth and rounded structure there is a poor locking among (or) between 
the aggregates and thus reducing the strength of structure but they provide 
workability.

• Irregular Aggregates: These aggregates vary in surface as compared to round 
aggregates.

• They are not perfectly round

• They have 35 to 37% of voids.

• Because of the more surface area they required more cemented paste.

• The interlocking provided by the aggregates is not up to the required level but 
better than the rounded aggregates.



Angular Aggregates
• These aggregates have angular structure i.e having well defined edges and rough 

particles.

• The voids percentage lies in the range of 37 to 40%.

• Due to the rough and angular structure the interlocking is quite good and also 
required more cement paste for a workable concrete with high strength.



Flaky and Elongated
• The flaky aggregates are those in which the least dimension of the aggregates 3/5 

times the mean dimensions.

• Mean dimensions are the average on which the aggregates passes (or) on which 
they are retained.

• Elongated can be define as those aggregates which has its length (or) greatest 
dimensions, greater than 9/5 of its mean dimension.

According to Unit Weight

• Normal weight aggregates: Sand, Gravel and crushed rocks

• Heavy weight aggregates: Mineral Ores and barite (employed for protection
against nuclear radiation and bomb shelters)

• Light weight aggregates: (shale, clay)



Properties of Aggregates
• Aggregate sizes

• Aggregate shapes

• Aggregate textures

• Specific gravity of aggregates

• Water absorption and surface moisture

Tests of Aggregates

• Flakiness test

• Abrasion test

• Crushing test

• Impact Test



Sand Qualities (IS 1542-1960)
• Sand shall be hard, durable, clean and free from adherent coating and organic 

matter and should not contain appreciable amount of clay.

• Sand should not contain the harmful impurities such as alkalis, salts, coal, 
mica etc. and other material which will affect hardening and reinforcement.

• In natural sand (or) crushed gravel  amount of clay, fine silt and fine dust should 
not be more than 4 percent by weight and it should not be greater than 10 percent.

• Generally sea sand should no be used except in making precast piles.

Kind of Sand

• Pit Sand (or) Quarry sand

• River Sand

• Sea Sand



Pit Sand (or) Quarry Sand:

• Pit sand is obtained by forming pits into soil from “Quarries”.

• It consists of sharp angular grains which are free from salts

• It is usually used in concreting and has reddish yellow color normally.

• It is a coarse sand

River Sand:

• This sand is obtained from banks (or) beds of rivers.

• River sand is a fine sand and consists of fine rounded grains.

• River sand is usually available in clean condition and is used for plastering.

Sea Sand:

• This sand is obtained from sea shores.

• It has fine rounded grains and light brown color

• Sea sand contains salts which attracts moisture from atmosphere



• Such absorption causes dampness and disintegration of the work

• Sea sand also retard the setting action of cement due to this reason sea sand is 
generally avoided engineering purpose.

• It is used only as a local mineral for non structural purpose.

Crushed Stone

• Crushed stone (or) angular rock is a form of construction aggregate, typically 
produced by mining a suitable rock deposit and breaking the removed rock down 
to the desired sizes using crushers.

• It is distinct from gravel which is produced by natural process of weathering and 
erosion typically has more rounded shape.



Qualities of Good Sand

• It should be clean and free from coatings of clay and silt.

• It should be free from hygroscopic

• It should be coarse, angular, hard and sharp grains

• It should not contain the organic matter

• It should be strong and durable

• It should be well graded

Bulking of Sand
• Bulking of sand means increase in its volume due to the presence of the moisture.

• The volume increases with increase in the moisture content.

• The volume may increase up to 20 to 40% when the moisture content is 5 to 10%.

• Due to the moisture each particle of sand gets a coating of water due to the surface 
tension which keeps the particles apart.

• This cause an increment in volume of sand known as bulking. 



Aggregates may effect the following Properties

• Strength

• Durability

• Structural Performance

• Economy

Aggregates have 3 functions in concrete

• To provide a mass of particle which are suitable to resist the action of applied 
loads and better durability than cement paste alone.

• To provide the cheap filler for the cementing material

• To reduce the volume changes resulting from setting, hardening process and from 
moisture changes during drying.



The properties of concrete are affected by the properties of aggregate

• The mineral character of aggregate affects the strength, durability and elasticity of
concrete.

• The surface characteristics of aggregate affects the workability of fresh mass and
the bond between the aggregate and cement paste in hardened concrete. If the
particles are rough workability decreases and bond increases

• The grading of aggregate affect the workability density and economy. The amount
of aggregate in the unit volume of concrete.



Grading of aggregates

• Grading is the distribution of particles of angular materials among the various sizes.

• Grading is usually expressed in terms of cumulative percentage passing each sieve.

• Different standards and specifications specify grading limits for both fine and coarse
aggregates.

• There are several reasons for specifying grading limits and aggregate size.

• They affect the relative

• Relative aggregate proportions

• Cement and water requirements

• Workability

• Pumpability

• Economy

• Shrinkage and durability of concrete



• The aggregate particle size is determined by using wire mesh sieve with square 
openings.

• 7 standard sieves ranging from 150 micron to 9.5mm.

• 13 standard sieves ranging from 1.18mm to 100mm for coarse aggregate.

• Proper selection of various sizes will be very effective in reducing the total 
volume of voids between aggregates.

• The cement paste requirement is related the void content of combined aggregate.

• Production of satisfactory, economical concrete requires aggregate of low void 
content but not the lowest.



Fine aggregate Grading

• Wide range in fine aggregate gradation is permitted by ASTM C33.

• The most desirable fine aggregate gradation depends on the type of the work,
richness of the mixture and maximum size of coarse aggregate.

• For example when small size coarse aggregate are used, a grading that approaches
the maximum recommended percentage passing each sieve is desirable for
workability.

• The following table shows the limits of ASTMC 33 with respect to fine
aggregates, these limits are generally satisfactory for most concretes

Sieve Size Percentage passing by mass

9.75mm 100

4.75mm 95 to 100

2.36 mm 80 to 100

1.18 mm 50 to 85

600 micron 25 to 60

300 micron 5 to 30

150 micron 0 to 10



Fineness Modulus (ASTM C125)
• The fineness modulus ( FM) for both fine and coarse aggregates is obtained by adding

the cumulative percentage by mass retained on each of specified series of sieves and
dividing the sum by 100.

• The fineness modulus (FM) is an index of fineness of the aggregate

• Fineness modulus of fine aggregate is useful in estimating the proportions of the fine and
coarse aggregate in concrete mixtures.

• The object of finding the fineness modulus is to grade the given aggregate for the most
economical mix and workability, with minimum quantity of cement.

COARSE AGGREGATE:

• Take 5 kg of coarse aggregate (nominal size 20mm) from a sample of 50 kg quartering.

• Carry out sieving by hand, shake each sieve in order 40, 20, 10mm and 4.75 mm over a
clean dry tray for a period of not less than 2min. the shaking is done with a varied
motion backward and forward, left to right, circular, clockwise and anticlockwise and
with frequent jarring, so that material is kept moving over the sieve surface in frequently
changing directions.

• Find the weight of aggregate retained on each sieve taken in order.



Fine Aggregate
1. Take a 500gms of sand from a laboratory sample of 10 kg by quartering and break clay lumps if any.

2. Arrange the sieves in order of I S sieve 4.75 mm, 2.36 mm, 1.18 mm, 600, 300 and 150 at the
bottom.

3. Keep the sand sample in the top sieve (4.75 mm) carry out the sieving in the set of sieves as arranged
before for not less than 10mins.

4. Find the weight retained on each sieve.

REFERRED INDIAN STANDARD CODES:

1. IS 460 (Part I)-1985 (Reaffirmed 1998) – Indian Standard Specification for Test
Sieves – Wire cloth test sieves

2. IS 2386 (Part – I) – 1963 (Reaffirmed 2002) – Indian Standard Methods of test
for aggregates for concrete – Particle size and shape

3. IS 383 – 1970 (Reaffirmed 2002) – Indian Standard Specification for coarse and
fine aggregates from natural sources for concrete



Coarse Aggregate

IS Sieve

Size

Wt. Retained

Weight (kg)

Cumulative weight 

retained (kg)

Cumulative 

Percentage Weight 

retained

% retained = Wt 

retained/total Wt *100  

Cumulative 

Percentage of Passing

80 mm 0 0 0 100

40 mm 0 0 0 100

20 mm 6 6 40 60

10 mm 5 11 73.3 26.7

4.75 mm 4 15 100 0

2.36 mm - - 100 0

1.18 mm - - 100 0

600  - - 100 0

300  - - 100 0

150  - - 100 0

Lower than 

150 

- - - 0

Total 15 kg 713.3

Fineness Modulus – 713.3/100 = 7.133



Fine Aggregate

IS Sieve

Size

Wt. Retained

Weight (gms)

Cumulative weight 

retained (gms)

Cumulative 

Percentage Weight 

retained

% retained = Wt 

retained/total Wt *100  

Cumulative 

Percentage of Passing

80 mm - - - -

40 mm - - - -

20 mm - - - -

10 mm 0 0 0 100

4.75 mm 10 10 2 98

2.36 mm 50 60 12 88

1.18 mm 50 110 22 78

600  95 205 41 59

300  175 380 76 24

150  85 465 93 7

Lower than 

150  35 500 -

Total 500 gms 246

Fineness Modulus – 246/100 = 2.46



Grading Curves for the Aggregate



GAP GRADING
• All the particles are present in certain proportions in a sample of aggregate.

• Such pattern of particle size distribution is also refereed as continuous grading.

• It is assumed that the voids present in the higher size of aggregate are filled up by
next lower size.

• The next lower size being itself bigger than the size of the voids, it will create
what is known as particle size interference which prevents the large aggregates
compacting to their maximum density.

• The void existing between the 40 mm aggregate is of the size equal to 10mm or
possibly 4.75 mm or the size of voids occurring when 20mm is used will be in the
order of say 1.18mm or so

• Therefore, along with 20mm aggregate, only when 1.18mm aggregate size is used,
the sample will contain the least voids and concrete requires least matrix.



Advantages of the gap graded aggregates

• Sand required will be of the order of about 26 percent as against about 40 percent
in the case of continuous grading.

• Specific surface area of the gap graded aggregate will be low, because of high
percentage of coarse aggregate and low percentage of fine aggregate.

• Requires less cement and lower w/c ratio

• Because of the point contact between the C.A to C.A and also on account of lower
cement and matrix content, drying shrinkage is reduced.

• Gap graded aggregate needs close supervision, as it shows greater proneness to
segregation and change in the anticipated workability.



Specific Gravity

• It is the ratio of the weight or unit volume of the material to the weight of same 
volume of the water at 200C.

• It is denoted by the symbol G

• Specific gravity of cement is normally defined as the ratio between the weight of 
a given volume of material and weight of an equal volume of water. 

• The method of determining the specific gravity of cement is by the use of a liquid 
such as water-free kerosene which does not react with cement. 

• For an Ordinary Portland Cement the specific gravity is around 3.15.



PROCEDURE:
• Weigh the specific gravity of dry bottle (W1)

• Fill the bottle with distilled water and weigh the bottle filled with water, (W2)

• Wipe dry the specific gravity bottle and fill it with kerosene weight (W3)

• Pour some of the kerosene out and introduce a weighted quantity of 10 grams of cement into
the bottle.

• Roll the bottle gently in inclined position until no further air bubble rises to surface. Fill the
bottle to the top with kerosene and weigh it (W4).

Sl. No Description Trial – 1 Trail – 2 Trial - 3

1. Wt. of empty bottle (W1)

2. Wt. of bottle + Water (W2)

3. Wt. of bottle + Kerosene

(W3)

4. Wt. of bottle + Kerosene +

Cement (W4)

5. Wt. of Cement (W5)

6. Specific Gravity of

Kerosene

7. Specific Gravity of Cement



Specific Gravity of Kerosene = Sk = 
12

13

WW

WW




 

Specific Gravity of Cement = Sc = 
435

5

WWW
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RESULT: 
The Specific Gravity of Cement is _________________ 
 
PRECAUTIONS:

• The kerosene used should be free from water.

• While introducing cement, care should be taken to avoid splashing and cement should not 

adhere to the inside of the flask above the liquid.

REFERRED INDIAN STANDARD CODES:

IS 2720 (Part III/ Sec 2): 1980 (Reaffirmed 2002) - Indian Standard Methods of Test for Soils, Determination of

Specific gravity of Fine, Medium and Coarse Grained Soils.



BULK DENSITY
• The bulk density of an aggregate is used for judging its quality by comparison

with normal density for that type of aggregate; it is required for converting
proportions by weight into proportions by volume and is used in calculating the
percentage of voids in the aggregate.

• For designing the concrete mix, information on specific gravity of aggregates are
necessary. It gives valuable information on the quality and properties of
aggregates.

Properties of Aggregates:

Moisture Conditions: The moisture condition of aggregates refers to the presence 
of water in the pores and on the surface of the aggregates



There are four different types

• Oven Dry

• Air Dry

• Saturated Surface Dry

• Wet

Oven Dry: The condition is obtained by keeping aggregates at temp of 1100C for a 
period of long time enough to reach a constant weight.

Air Dry: This condition is obtained by keeping the aggregates under room 
temperature and humidity pores inside the aggregates are partially filled with water.

Saturated surface Dry condition: In this situation the pores of the aggregates are
fully filled with water and the surface is dry. This condition can be obtained by
immersion in water for 24 hours following by drying of the surface with wet cloth.

Wet: The pores of the aggregates are fully filled with water and the surface of the
aggregates is covered with film of water.





• Bulk density is the weight of the material in the given volume.

• It is normally expressed in kg per litre.

• A cylindrical measure preferably machined to accurate internal dimensions is used 
for measuring the bulk density.

• The size of the container for measuring bulk density 

• The cylindrical measure is filled 1/3 each time with thoroughly mixed aggregate 
and tamped with 25 strokes by a bullet ended tamping rod, 16mm dia and 60 cm 
long. 

• The measure is carefully struck off level using tamping rod as a strong edge.

• The net weight of the aggregate in the measure is determined and bulk density is 
calculated as kg/lit

Size of largest 

Particles

Nominal 

Capacity (lit)

Inside 

Diameter (cm)

Inside Height

(cm)

Thickness of 

Meta(mm)

4.75 mm and 

under 3

15 17 3.15

Over 4.75mm 

to 40 mm 15

25 30 4

Over 40mm 30 35 31 5



Bulk density = net weight of the aggregate in kg /capacity of the 
container in litre

Percentage of voids = [(G – ϒ)/G]*100

Where

• G = Specific gravity of the aggregate

• ϒ = Bulk density in kg/litre



UNIT WEIGHT
• Light weight aggregates: The unit weight of an aggregate is less than 1120 Kg/m3

• The corresponding concrete has a bulk density less than 1800 Kg/m3 (Cinders, 

Blast furnace slag)

Normal weight aggregates: The aggregates has a unit weight of 1520-1680 Kg/m3.

• The concrete made by this type of aggregate has a bulk density of 2300-2400

Kg/m3

Heavy weight aggregates: The unit weight is greater than 2100 Kg/m3.

• The bulk density of the corresponding concrete is greater than 3200 Kg/m3.

• Heavy weight aggregates are used in special structures such as radiation shields



Deleterious materials in aggregates
• Organic impurities in natural aggregate may interfere with setting and hardening 

of concrete.

• Very fine particles: They can appear in the form of clay and silt (or) in the form 
of stone dust.

• The increase the water requirement (or) in other words decrease the workability.

• They can appear as coatings on the surface of aggregate particles.

• They affect the bonding properties.

Weak and unsound materials light weight materials (Coal): In excessive
amounts may affect the durability of concrete.

• If these impurities occur (or) near the surface, they may disintegrate and pop-outs
and strains.



• Soft Particles: They are objectionable because they affect the durability
adversely.

• They may cause pop-outs and may break up during mixing and increase the water
demand.

• Salt Contamination: Corrosion of Reinforcement.

• Efflorescence: Presence of white deposits on surface on concrete.

Soundness of Aggregate

• Soundness refers to the ability of aggregate to resist excessive changes in volume 
as a result of changes in physical conditions. 

• These physical conditions that affect the soundness of aggregate are the freezing 
and thawing.

• Variation in temperature

• Alternate wetting and drying under normal conditions and wetting and drying in 
salt water.



• Aggregates which are porous weak and containing any undesirable extraneous
matters undergo excessive volume change when subjected to the above conditions.

• Aggregates which undergo more than specified amount of volume change is said
to be unsound aggregates.

• To detect unsound particles, aggregate treated with Na2SO4 and MgSO4 solutions. 

After 18 hours immersion. Dry at 1050C+50C at constant weight.

• After 5 cycles determine the loss of weight of the aggregate.

• The particles limits should not exceed

• According to IS 383-1970, the average loss of weight after ten cycles should not 

exceed 12 and 18 percent.

Na2SO4 MgSO4

Fine Aggregate 19% 27%

Coarse Aggregate 15% 22%



Voids
• The empty spaces between the aggregate particles are termed as voids.

• It is the gross volume of the aggregate mass and volume occupied by particles
alone.

• The void ratio of an aggregate can be calculated from specific gravity and bulk
density of the aggregates mass as follows

• If the volume of aggregate includes the voids, the resulting specific gravity is
called the apparent/bulk specific gravity.



APPARATUS:

• 10 kg capacity balance with weights, cylindrical containers 1 ltr and 5 ltrs
capacities, measuring jar of 1000 cc capacity, pycnometer.

PROCEDURE (For Coarse and Fine Aggregate):

• Weigh the dry empty container of 5 ltr capacity (W1)

• Fill the container to the top level by coarse aggregate by discharging from a height
not exceeding 5 cm above the top of the container (W2)

• Pour water slowly into the container just to fill the voids completely in the
aggregate and weigh it (W3)

• Empty the container, clean it and fill with water and weigh it (W4)



Sl. No. Description Trial – 1 Trial – 2 Trial - 3 

1. Wt of empty container ( W1)    

2. Wt of container with material ( W2)    

3. Wt of container + material + water (W3)    

4. Wt of container + water  (W4)     

5. 
Bulk Density = 

14

12
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6. Percentage of voids (Porosity)  

= 100
14

23 
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7. 
Voids Ratio = 

)()( 2314

23

WWWW

WW




 

   

8. 
Specific Gravity = 

)()( 2314

12

WWWW
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Porosity and Absorption of Aggregates

• Due to the presence of air bubbles which are entrapped in a rock due to its
formation (or) an account of the decomposition of certain constituent minerals by
atmospheric action minute holes (or) cavities are formed in it which are commonly
known as pores.

• The pores in an aggregate vary in size over a wide range the largest being enough
to be seen under a microscope (or) even with naked eye.

• They are distributed throughout the body of the material. Some are wholly with in
the solid and other are open to the surface of the particle.

• The porosity of some of the commonly used rocks varies from 0 to 20 percent.

• Since the aggregate constitute about 75 percent of the concrete and the porosity of
aggregate contributes the overall porosity of concrete.

• The permeability and absorption affect the bond between the aggregates aand
cement paste.

• The percentage of water absorbed by an aggregate when immersed in water
termed as absorption of an aggregate.



Thermal Properties of an aggregate 
• The thermal properties of the aggregates affect the durability and other qualities of 

the concrete.

• The investigations reported to date do not present a clear-cut picture of the effects 
that might be expected.

• The principal of thermal properties of the aggregates are (in response to change in 
temperature).

• Coefficient of thermal expansion

• Specific heat

• Thermal conductivity

• The coefficient of thermal expansion of concrete increases with the coefficient of 
thermal expansion of aggregate.

• If the coefficient of expansion of coarse aggregate and cement paste differs too 
much a large change in temperature may introduce differential moment which may 
break the bond between aggregate and paste.



• If the coefficient of the two materials differ by more than 5.4 x10-6 per ̊C the
durability of concrete subjected to freeing and thawing may be affected.

• The coefficient of expansion of aggregate depends on the parent rock.

• For majority of aggregates the coefficient of thermal expansion lies between 5.4
x10-6 per ̊C and 12.6 x10-6 per ̊C

• For hydrated Portland cement the coefficient of expansion varies between 10.8
x10-6 per ̊C and 16.2 x10-6 per ̊C

• The linear thermal expansion of concrete lies in the range of about 5.8 x10-6 per ̊C
to 14x10-6 per ̊C depending on type of aggregate, mix proportion and degree of
saturation.

• The specific heat aggregate is a measure of the heat capacity.

• Thermal conductivity is the ability of the aggregate to conduct the heat.

• These properties of the aggregate influence the specific heat and thermal
conductivity of concrete and are important in case of mass concrete and where
insulation is required.



Maximum size of aggregates

• In general, the larger the maximum size of the aggregate, the smaller is the cement
requirement for a particular w/c ratio.

• This is due to the fact the workability of concrete increases with increase in
the maximum size of the aggregate.

• In a mass concrete work, the use of a larger size aggregate is beneficial to the less
consumption of cement. This will reduce the heat of hydration and corresponding
thermal stresses and shrinkage cracks.

• Due to the smaller surface area of the larger size aggregate; the w/c ratio can be
decreases which increase the strength.

• Size of aggregate is limited depending up on the size of the mixing, handling and
placing equipment.

• The max size of the aggregate also influence the compressive strength of concrete
in that, for a particular volume of the aggregate, the compressive strength tends to
increase with decrease in the size of the coarse aggregate.



• This is due to the fact the small size of aggregates provide larger surface area for
bonding with the mortar matrix.

• The concrete with higher water-cement ratio, the nominal size of coarse aggregate
must be as large as possible.

• High strength concretes 10 mm (or) 20 mm size of aggregates are preferable.

• In general up to 20 MPa aggregates up to 40 mm is used.

• For strengths above 30 MPa, the aggregates up to 20 mm may be used.



Alkali aggregate Reaction

• In most concrete, aggregates are more or less chemically inert.

• However, some aggregates react with the alkalies present in cement (Sodium
Oxide and Potassium oxide), causing expansion and cracking in concrete over
a period of many years.

• This alkali-aggregate reaction has two forms: alkali-silica reaction (ASR) and
alkali-carbonate reaction (ACR).

• Alkali-silica reaction (ASR) is of more concern because aggregates containing
reactive silica materials are more common.

• In ASR, aggregates containing certain forms of silica will react with alkali
hydroxide in concrete to form a gel that swells as it adsorbs water from the
surrounding cement paste or the environment.

• These gels can induce enough expansive pressure to damage concrete.



• Typical indicators of ASR are random map cracking and, in advanced cases,
closed joints and attendant spalled concrete.

• Cracking usually appears in areas with a frequent supply of moisture, such as
close to the waterline in piers, near the ground behind retaining walls, near joints
and free edges in pavements, or in piers or columns subject to wicking action.
Petrographic examination can conclusively identify ASR.



• Alkali-silica reaction can be controlled using certain supplementary cementitious
materials.

• In-proper proportions, silica fume, fly ash, and ground granulated blast-furnace
slag have significantly reduced or eliminated expansion due to alkali-silica
reactivity.

• The alkali–carbonate reaction is a process suspected for the degradation
of concrete containing dolomite aggregate.

• Alkali from the cement might react with the dolomite crystals present in the
aggregate inducing the production of brucite, (MgOH)2, and calcite (CaCO3). This
mechanism was tentatively proposed by Swenson and Gillott (1950) and may be
written as follows:

CaMg(CO3)2 + 2 NaOH → CaCO3 + Na2CO3 + Mg(OH)2

• Brucite (Mg(OH)2),could be responsible for the volumetric expansion after de-
dolomotisation of the aggregate, due to absorption of water.

https://en.wikipedia.org/wiki/Concrete
https://en.wikipedia.org/wiki/Dolomite
https://en.wikipedia.org/wiki/Construction_aggregate
https://en.wikipedia.org/wiki/Alkali
https://en.wikipedia.org/wiki/Cement
https://en.wikipedia.org/wiki/Brucite
https://en.wikipedia.org/wiki/Calcite


Factors promoting the Alkali Aggregate Reaction
• Reactive type of Aggregate

• High alkali content in cement

• Availability of moisture

• Optimum temperature conditions

Control of Alkali Aggregate Reaction

• Selection of non reactive aggregates

• By the use of low alkali cement

• By the use of corrective admixtures such as pozzolanas

• By controlling the void space in concrete

• By controlling the moisture conditions and temperature



Strength of an Aggregate

• Strength of an aggregate we do not imply the strength of the parent rock from
which the aggregates are produced, because the strength of the rock does not
exactly represents the strength of the aggregate in concrete.

• Concrete is an assemblage of individual pieces of aggregate bound together by
cementing materials, its properties are primarily on the quality of the cement
paste.

• The strength is dependent also on the bond between the cement paste and
aggregates.

• If either the strength of paste or the bond between the paste and aggregate is low, a
poor quality will be obtained irrespective of the strength of the rock or aggregate.

• But the cement paste of good quality is provided and its bond with aggregates is
satisfactory, then the mechanical properties of the rock or aggregate will influence
the strength of concrete.

• From the above it can be concluded that while strong aggregate cannot make
strong concrete.



• In other words, from a weak rock or aggregate strong concrete cannot be made.

• By and large naturally available mineral aggregate are strong enough for making 
normal strength concrete.

• The test for strength for aggregate is required to be made in the following 
situations.

• For production of high strength and ultra high strength concrete.

• When contemplating to use aggregates manufactured from weathered rocks.

• Aggregates manufactured by industrial process.

Tests for aggregates

• Aggregate crushing Value

• Aggregate Impact Value

• Aggregate Abrasion Value

• Deval attrition Test



Aggregate Crushing Value Test – Determine Aggregate Crushing 
Strength

• Aggregate crushing value test on coarse aggregates gives a relative measure of the
resistance of an aggregate crushing under gradually applied compressive load.

• Aggregate crushing value is a numerical index of the strength of the aggregate and
it is used in construction of roads and pavements.

• Crushing value of aggregates indicates its strength.

• Lower crushing value is recommended for roads and pavements as it indicates a
lower crushed fraction under load and would give a longer service life and a more
economical performance.

• The aggregates used in roads and pavement construction must be strong enough to
withstand crushing under roller and traffic.



Aggregate Crushing Value Test

The objective of this test is to:

• Determine the aggregate crushing value of coarse aggregate

• Assess suitability of coarse aggregates for use in different types of road

Apparatus

• A steel cylinder 15 cm diameter with plunger and base plate.

• A straight metal tamping rod 16mm diameter and 45 to 60cm long rounded at one 
end.

• A balance of capacity 3 kg readable and accurate to one gram.

• IS sieves of sizes 12.5mm, 10mm and 2.36mm

• A compression testing machine.

• Cylindrical metal measure of sufficient rigidity to retain its from under rough 
usage and of 11.5cm diameter and 18cm height.



Procedure of Aggregate Crushing Value Test

• Put the cylinder in position on the base plate 

• Put the sample in 3 layers, each layer being subjected to 25 strokes using the 
tamping rod. Care being taken in the case of weak materials not to break the 
particles and weigh it (A).

• Level the surface of aggregate carefully and insert the plunger so that it rests 
horizontally on the surface. Care being taken to ensure that the plunger does not 
jam in the cylinder.

• Place the cylinder with plunger on the loading platform of the compression testing 
machine.

• Apply load at a uniform rate so that a total load of 40T is applied in 10 minutes.

• Release the load and remove the material from the cylinder.

• Sieve the material with 2.36mm IS sieve, care being taken to avoid loss of fines.

• Weigh the fraction passing through the IS sieve (B).



Aggregate crushing value = (B/A) x 100%

IRC recommends that coarse aggregates having crushing value less than 30% can 

be used at the surface for pavement



Determination of Aggregate Impact Value – Impact Test on 
Aggregates

Determination of Aggregate Impact Value – Impact Test on Aggregates is done to carry out to:

• Determine the impact value of the road aggregates,

• Assess their suitability in road construction on the basis of impact value.

• A testing machine weighing 45 to 60 kg and having a metal base with a painted lower surface of
not less than 30 cm in diameter.

• It is supported on level and plane concrete floor of minimum 45 cm thickness. The machine
should also have provisions for fixing its base.

• A cylindrical steel cup of internal diameter 102 mm, depth 50 mm and minimum thickness 6.3
mm. .

• A metal hammer weighing 13.5 to 14.0 kg the lower end being cylindrical in shape, 50 mm
long, 100.0 mm in diameter, with a 2 mm chamfer at the lower edge and case hardened.

• The hammer should slide freely between vertical guides and be concentric with the cup. Free
fall of hammer should be within 380±5 mm.

• A cylindrical metal measure having internal diameter 75 mm and depth 50 mm for measuring
aggregates.



Theory of Aggregate Impact Test

• The property of a material to resist impact is known as toughness. Due to
movement of vehicles on the road the aggregates are subjected to impact resulting
in their breaking down into smaller pieces.

• The aggregates should therefore have sufficient toughness to resist their
disintegration due to impact.

• This characteristic is measured by impact value test.

• The aggregate impact value is a measure of resistance to sudden impact or shock,
which may differ from its resistance to gradually applied compressive load.



PROCEDURE

• The cylindrical steel cup is filled with 3 equal layers of aggregate and each layer is
tamped 25 strokes by the rounded end of tamping rod and the surplus aggregate
struck off, using the tamping rod as a straight edge.

• The net weight of aggregate in the cylindrical steel cup is determined to the
nearest gram (WA) and this weight of aggregate is used for the duplicate test on the
same material.

• The cup is fixed firmly in position on the base of the machine and the whole of the
test sample is placed in it and compacted by a single tamping of 25 strokes of
tamping rod.

• The hammer is raised until its lower face is 380 mm. above the upper surface of
the aggregate in the cup, and allowed to fall freely onto the aggregate 15 times,
each being delivered at an interval of not less than one second.

• The crushed aggregate is removed from the cup and sieved on 2.36 mm. IS sieve
until no further significant amount passes in one minute.

• The fraction passing the sieve is weighed to an accuracy of 0.1 g (WB)



• The ratio of the weight of fines formed to the total sample weight in each test is to
be expressed as a percentage, to the first decimal place.

Aggregate impact Value = (WB / WA) × 100

Aggregate Impact Value Classification

<20% Exceptionally Strong

10 – 20% Strong

20-30% Satisfactory for road surfacing

>35% Weak for road surfacing

Recommended Aggregate Impact Test Values

Classification of aggregates using Aggregate Impact Value is as given below:



AGGREGATE ABRASION VALUE

• This test helps to determine the abrasion value of coarse aggregates as per IS: 
2386 (Part IV) – 1963.

• The apparatus used in this test are Los Angles abrasion testing machine, IS Sieve 
of size – 1.7mm, Abrasive charge – 12 nos. cast iron or steel spheres 
approximately 48mm dia. and each weighing between 390 and 445g ensuring that 
the total weight of charge is 5000 +25g and Oven.

Sample Preparation

The test sample should consist of clean aggregates which has been dried in an oven 
at 105 to 1100C to a substantially constant weight and should conform to one of the 
grading's shown in the table below:



Procedure for Los Angeles Test

• The test sample consists of clean aggregates dried in oven at 105° – 110°C. 

The sample should conform to any of the gradings shown in table.

• Select the grading to be used in the test such that it conforms to the grading to 

be used in construction, to the maximum extent possible.



• Take 5 kg of sample for gradings A, B, C & D and 10 kg for gradings E, F & G.

• Choose the abrasive charge as per Table 2 depending on grading of aggregates.

• Place the aggregates and abrasive charge on the cylinder and fix the cover.

• Rotate the machine at a speed of 30 to 33 revolutions per minute. The number of
revolutions is 500 for gradings A, B, C & D and 1000 for gradings E, F & G. The
machine should be balanced and driven such that there is uniform peripheral
speed.

• The machine is stopped after the desired number of revolutions and material is
discharged to a tray.

• The entire stone dust is sieved on 1.70 mm IS sieve.

• The material coarser than 1.7mm size is weighed correct to one gram.



Observations of Los Angeles Test

• Original weight of aggregate sample = W1 g

• Weight of aggregate sample retained = W2 g

• Weight passing 1.7mm IS sieve = W1 – W2 g

• Abrasion Value = (W1 – W2 ) / W1 X 100

Sl. No. Type of Pavement

Max. permissible 

abrasion value in 

%

1

Water bound 

macadam sub base 

course

60

2

WBM base course 

with bituminous 

surfacing

50

3
Bituminous bound 

macadam
50

4
WBM surfacing 

course
40

5

Bituminous 

penetration 

macadam

40

6

Bituminous surface 

dressing, cement 

concrete surface 

course

35

7
Bituminous concrete 

surface course
30



DEVAL ATTRITIONTEST 
• The apparatus as per IS: 2386 (Part IV) – 1963.

• Deval machine: The Deval abrasion testing machine shall consist of one or more
hollow cast iron cylinders closed at one end and furnished with a tightly fitting
iron cover at the other. The inside diameter of the cylinders shall be 20 cm and
depth 34 cm. The cylinders shall be mounted on a shaft at an angle of 30 degrees
with the axis of rotation of the shaft.

• Sieve: 1.70, 4.75,10,12.5,20,25,40 mm IS Sieves.

• Balance of capacity 5kg or 10kg

• Drying oven





OBSERVATIONS: 

• Original weight of aggregate sample (W1) = 

• Weight of aggregate sample retained (W2) = 

• Weight passing 1.7mm IS sieve (W1 - W2) = 

• Attrition value = (W1 - W2) /W1*100 



UNIT-I



HYDRATION REACTIONS
• Chemical reactions during hydration

When water is added to cement, the following series of reactions occur:

The tricalcium aluminate reacts with the gypsum in the presence of water to produce ettringite and
heat:

Tricalcium aluminate + gypsum + water  ettringite + heat

C3A + 3CSH2 + 26H C6AS3H32, D H = 207 cal/g

Ettringite consists of long crystals that are only stable in a solution with gypsum. The compound does not
contribute to the strength of the cement glue.

The tricalcium silicate (alite) is hydrated to produce calcium silicate hydrates, lime and heat:

Tricalcium silicate + water  calcium silicate hydrate + lime + heat

2C3S + 6H  C3S2H3 + 3CH, D H = 120 cal/g

The CSH has a short-networked fiber structure which contributes greatly to the initial strength of the
cement glue.



• The belite (dicalcium silicate) also hydrates to form calcium silicate hydrates 
and heat:

Dicalcium silicates + water  calcium silicate hydrate + lime
C2S + 4H  C3S2H3 + CH, D H = 62 cal/g

• The calcium silicate hydrates contribute to the strength of the cement paste.

• This reaction generates less heat and proceeds at a slower rate, meaning that the
contribution of C2S to the strength of the cement paste will be slow initially.

• This compound is however responsible for the long-term strength of portland
cement concrete.

• The ferrite undergoes two progressive reactions with the gypsum:

In the first of the reactions, the ettringite reacts with the gypsum and water to 
form ettringite, lime and alumina hydroxides

Ferrite + gypsum + water  ettringite + ferric aluminum hydroxide + lime

C4AF + 3CSH2 + 3H  C6(A,F)S3H32 + (A,F)H3 + CH



The ferrite further reacts with the ettringite formed above to produce garnets

Ferrite + ettringite + lime + water  garnets

C4AF + C6(A,F)S3H32 + 2CH +23H  3C4(A,F)SH18 + (A,F)H3

• Once all the gypsum is used up as per reaction

The ettringite becomes unstable and reacts with any remaining tricalcium aluminate
to form monosulfate aluminate hydrate crystals:

Tricalcium aluminate + ettringite + water  monosulfate aluminate hydrate
2C3A + 3 C6AS3H32 + 22H  3C4ASH18

• The monosulfate crystals are only stable in a sulfate deficient solution.

• In the presence of sulfates, the crystals resort back into ettringite, whose crystals
are two-and-a-half times the size of the monosulfate.

• It is this increase in size that causes cracking when cement is subjected to sulfate
attack.



TOTAL HEAT OF HYDRATION

• When ordinary portland cement and water are mixed together, the heat which is
liberated during this process (which is actually a chemical reaction) is known as
heat of hydration and the process is known as cement hydration.

• This process resulting in setting, hardening and liberating of heat.

• The total amount of heat liberated during the hydration process when cement react
with water is known as total heat of hydration.

Bulking of Sand

• The increase in moisture of sand increases the volume of sand.

• The reason is that moisture causes film of water around sand particles which
results in the increase of volume of sand.

• For a moisture content percentage of 5 to 8 there will be an increase in volume up
to 20 to 40 percent depending upon sand.

• If the sand is more fine there will be more increase in volume.

• This is known as bulking of sand.



• When the moisture content of sand is increased by

adding more water, the sand particles pack near each

other and the amount of bulking of sand is

decreased.

• Thus it helps in determining the actual volume of

sand, the dry sand and the sand completely filled with

water will have the exact volume.

• The volumetric proportioning of sand is greatly

affected by bulking of sand to a greater extent.

• The affected volume will be great for fine sand and

will be less for coarse sand.

• If proper allowance is not made for the bulking of

sand, the cost of concrete and mortar increases and it

results into under-sanded mixes which are harsh and

difficult for working and placing.



To calculate the percentage of bulking of sand, the following test procedure can 
be used

• A simple container is taken and it is filled with 2/3 of the sand to be tested.

• The height of sand is measured, for example say 200 mm.

• Now, the sand is taken out of container.

• Care should be taken to see that there is no remains of sand should be there in the
container during this transition.

• Now the same container is filled with water.

• Pour the sand in to the container filled with water and stir the sand with a rod.

• Again, the height of sand is measured, say 160 mm.

• Bulking of sand is calculated as, = (200-160)/160 = 40/160 = 1/4 (or) 25%.



Shape Tests on Coarse Aggregates

Following tests are conducted on coarse aggregates under shape tests:

• The elongation index of the given aggregates

• The flakiness index of the given aggregates

Apparatus for Shape Tests

The apparatus for the shape tests consists of the following:

A standard thickness gauge

A standard length gauge

IS sieves of sizes 63, 50 40, 31.5, 25, 20, 16, 12.5,10 and 6.3mm

A balance of capacity 5kg, readable and accurate up to 1 gm.

Theory of Flakiness Index and Elongation Index Tests

• The particle shape of aggregates is determined by the percentages of flaky and
elongated particles contained in it.



• For base course and construction of bituminous and cement concrete types, the
presence of flaky and elongated particles are considered undesirable as these cause
inherent weakness with possibilities of breaking down under heavy loads.

• The Flakiness index of aggregates is the percentage by weight of particles
whose least dimension (thickness) is less than three- fifths (0.6times) of their
mean dimension. This test is not applicable to sizes smaller than 6.3mm.

• The Elongation index of an aggregate is the percentage by weight of particles
whose greatest dimension (length) is greater than nine-fifths (1.8times) their
mean dimension. This test is not applicable for sizes smaller than 6.3mm.



Procedure of Shape Tests on Coarse Aggregates

• Sieve the sample through the IS sieves.

• Take a minimum of 200 pieces of each fraction to be tested and weigh them.

• To separate the flaky materials, gauge each fraction for thickness on a thickness
gauge.

• Weigh the flaky material passing the gauge to an accuracy of at least 0.1 per cent
of the test sample.

• To separate the elongated materials, gauge each fraction for length on a length
gauge.

• Weigh the elongated material retained on the gauge to an accuracy of at least 0.1
per cent of the test sample.



Size of aggregates

Weight of fraction 

consisting of at least 

200 pieces,g

Thickness gauge size, 

mm

Weight of aggregates 

in each fraction 

passing thickness 

gauge,mm

Length gauge size, 

mm

Weight of aggregates 

in each fraction 

retained on length 

gauge,mm

Passing through IS 

Sieve, mm

Retained on IS Sieve,

mm

1 2 3 4 5 6 7

63 50 W1 23.90 X1 – –

50 40 W2 27.00 X2 81.00 Y1

40 31.5 W3 19.50 X3 58.00 Y2

31.5 25 W4 16.95 X4 – –

25 20 W5 13.50 X5 40.5 Y3

20 16 W6 10.80 X6 32.4 Y4

16 12.5 W7 8.55 X7 25.5 Y5

12.5 10 W8 6.75 X8 20.2 Y6

10 6.3 W9 4.89 X9 14.7 Y7

Total W = X = Y =



Record of Shape Test

• Flakiness Index = (X1+ X2+…..) / (W1 + W2 + ….) X 100

• Elongation Index = (Y1 + Y2 + …) / (W1 + W2 + ….) X 100



UNIT-II

WORKABILITY OF 
CONCRETE



Workability of concrete

• Workability is an important property in its stage.

• Workability in simple terms can be defined as the ease with which the concrete
can be mixed.

• The workability of concrete can also be defined as the amount of water
required to place the concrete and compact it thoroughly.

The workability is associated with the following four concepts

• Ease of flow (Internal Friction)

• Prevention of segregation

• Prevention of harshness

• Prevention of bleeding

Ease of flow (Internal Friction): The ease with which the concrete flows depends
up on the internal friction between the particles of concrete.



• To improve workability therefore it is necessary to reduce the internal friction.

• The internal friction can be reduced by the lubrication of the surface of aggregates.

The lubrication can be improved in two ways

• By increasing the quantity of water in a concrete mix. Greater the quantity of
water more area it can lubricate. But this method is inefficient because it increases
water-cement ratio and thereby decrease the strength of cement.

• The second way is to reduce the total surface area of the aggregates by adopting
coarse aggregate. But coarse aggregate should not be used too much otherwise
segregation will takes place.

Segregation

• The separation of coarse aggregate from the concrete mix in plastic stage is called
segregation.

• Concrete is not a homogenous material but rather a mixture of materials of
different specific gravities.



• So there is always a tendency for the coarser and heavier particles to settle down 
and for lighter materials to rise to the surface.

• Segregation reduces the strength and durability of concrete.

Causes of Segregation: Segregation takes place when

• There is too much water in the mix.

• There are badly graded aggregates.

• There are too much shocks to concrete mix due to transport over long distances,
discharge of concrete from a considerable height (more than 1m) pumping of
concrete.

• Leakage of mortar from formwork.

• Concreting is done under-water.

Prevention of Segregation:

• The mix should be designed correctly and minimum amount of water should be 
used for mixing.



• The height of fall of concrete should not exceed 1m in any case.

• The air entraining agent should be used for reducing segregation as these reduce
the quantity of mixing water.

• The concreting operation should be supervised strictly.



HARSHNESS OF THE MIX

• The concrete mix which does not give smooth surface with the a certain amount of
trowelling is known as harsh mix.

Causes of Harshness:

• The cement mortar not sufficient to fill the voids in the coarse aggregate.

• The presence of excessive proportions of one particle size in an aggregate grading.

Prevention of Harshness: Harshness can be prevented if there is sufficient pro

portion of mortar to fill the voids in coarse aggregate.



BLEEDING

• The appearance of water along with particles of cement and very fine sand on the
surface of freshly placed concrete after compaction is called bleeding.

• Bleeding is due to rise of water in the mix to the surface because of the inability of
the solid particles in the mix to hold all the mixing water during the settling of the
particles under the effect of compaction.

• Bleeding causes the formation of a porous weak and non durable concrete layer at
the top of placed concrete.

• In case of lean mixes bleeding may create capillary channels increasing the
permeability of concrete.

• When concrete is placed in different layers and each layer is compacted after
allowing certain time of lapse before next layer is laid, bleeding may also result in
a plane of weakness between two layers.

• Any laitance formed should be removed by brushing and washing before the a
new layer is added



• Over compaction of the surface is avoided.

Causes of Bleeding

• Presence of excess water

• Deficiency of fine aggregate

• Too much finishing

Prevention of Bleeding: Bleeding can be prevented

• Controlling the water-cement ratio

• Providing finer grading of fine aggregates

• Using of finely ground cement

• Controlling compaction

• Air entraining agents should be used to prevent bleeding



Factors affecting workability 

• Water content

• Size of aggregate

• Shape of aggregate

• Grading of aggregate

• Porosity and absorption of aggregate

• Admixtures

• Mixing time

• Temperature

Water Content:Worakibility of concrete mix largely depends up on its water
content. With increase of water, the workability also increases. But too much water
results in concrete of low strength and poor durability.



Size of Aggregates: Workability increases with the increases in the size of the
aggregates. Larger size particles provide less surface area as compared to the
surface area given by small size particles.

• Hence for same degree of workability, less water is required for large size
aggregates

• Lesser quantity of water used in large size aggregates also reduces the quantity of
cement for given water-cement ratio and is therefore economical.

• For practical point of view, the max size of aggregates to be used will depend up
on handling, mixing and placing equipment, thickness of section and quantity of
reinforcement.

Shape of Aggregates: The particle shape also effect the workability. Workability
increases with round and smooth surface aggregates.

Crushed (or) Angular aggregates has less workability because of higher and rough
surface area.



Grading of Aggregates: The grading of aggregates has a considerable effect on 
workability of concrete.

• Grading is more important when lean mixes of high workability are required than 
rich mixes.

• For lean mixes, grading should be continuous, where as for rich mixes the grading 
should be coarse.

Lean Mix: A mixture of concrete (or) mortar with a relatively low cement content.

Rich Mix: Concrete of high cement content.

Porosity and Absorption of Aggregates: Porous and unsaturated aggregates will
require more water than the non-porous and saturated aggregate. For same degree of
workability requires lees quantity of water.

Porous: Having minute holes through which liquid (or) air may pass.

Unsaturated aggregates: Aggregates in which porous space contain water at less
than atmospheric pressure, typically small spaces contain water.



Admixtures: Workability also increases with addition of admixtures such as air
entraining agents which will produce well dispersed air bubbles.

Mixing Time: With the increase in mixing time up to certain limit workability
increases.

Temperature: The temperature at which the concrete mix is prepared also effects
its workability.

The slump of the concrete mix decreases as the temperature of the mix increases.

Measurement of Workability

• The quantitative assessment describing concrete as being high (or) low
workability (or) semi-dry (or) plastic etc. may mean different things to different
people.

• A typical test apparatus, the slump test is perhaps the most widely used, primarily
because of the simplicity of the apparatus required and the test procedure.

• The slump test indicates the behaviour of the compacted concrete cone under the
action of gravity forces.



• The test is carried out with a mould called the slump cone.

• The slump cone is placed on a horizontal and non-absorbent surface and filled in
three equal layers of fresh concrete.

• Each layer being tamped 25 times with a standard tamping rod.

• The top layer is struck off level and the mould is lifted vertically without
disturbing the concrete cone.

• The subsidence of concrete in millimetres is termed the slump.

• In case of very lean concrete, one-half of the cone may slide down the other which
is called the shear slump (or) it may collapse in case of very wet concretes.

• The slump cone is essentially a measure of consistency (or) wetness of the mix.

• The slump test is suitable only for the concretes of medium to high work abilities
(i.e having slump value of 25mm to 125mm).

• For very stiff mixes having zero slump, the slump test does not indicate any
difference in concretes of different work abilities.



• It may be appreciated that the different concretes of the same slump may, indeed,
have different work abilities under site conditions.

• The slump test has been found to be useful in ensuring the uniformity among
different batches of supposedly similar concrete under field condition.

• The slump test is limited to concretes with max size of aggregate less than 38mm.



Compaction Factor test
• The compaction factor gives the behaviour of fresh concrete under the action of

external forces.

• It measures the compact ability of concrete which is an important aspect of
workability, by measuring the amount of compaction achieved for a given amount
of work.

• The compacting factor test has been held to be more accurate than slump test,
especially the concrete mixes of medium and low work abilities.

• Compacting factor of 0.9 to 0.8, because the test is more sensitive and give
consistent results.

• The test has been more popular in laboratory condition.

• For concrete of very low work abilities of the order 0.70 or below, the test is not
suitable.





Vee-Bee consistency test apparatus
• The vee-bee test is suitable for stiff concrete mixes having low and very low

workability.

• Compared to the slump test and compaction factor test, the vee-bee test has an
advantage that the concrete in the test receives a similar treatment as it would in
actual practice.

• The test consists in moulding a fresh concrete cone in a cylindrical container
mounted on a vibrating table.

• The concrete cone when subjected to vibration by starting the vibratos starts to
occupy the cylindrical container by the way of getting remoulded.

• The remoulding is considered complete, when the concrete surface becomes
horizontal.

• The time required for complete remoulding in seconds is considered as the
measure of workability and is expressed as the no of vee-bee seconds.



• Since the end point of the test-when the concrete surface becomes horizontal is to
be as certained. Visually, it introduces a source of error which is more pronounced
for concrete mixes of high workability and consequently records low vee bee time.

• For concrete of slump in excess of 125mm, the remoulding is so quick that time
cannot be measured.

• This test is therefore, not suitable for concrete of high workability i.e slump of 75
mm (or) above.



Flow table Apparatus
• The BIS has recently introduced another new equipment for measuring flow value 

of concrete.

• The new flow table test is in the line BS 1881 part of 1984.

• Flow table is constructed from a flat metal of minimum thickness 1.5mm and top 
is in plan 700mmx700mm.

• The centre of table is marked with a cross, the lines which run parallel to and out 
to the edges of the plate and centre of circle 200mm in dia.

• The front of the flow table top is provided with a lifting handle.

• The total mass of the flow table top is about 16±1kg.

• The flow table top is hinged to a base frame using externally mounted hinges in 
such a way that no aggregates can become trapped easily between the hinges (or) 
hinged surfaces.

• The front of the base frame shall extended a minimum 120 mm beyond the flow 
table top in order to provide a top board.



RESULT:

The arithmetic mean of the two diameters shall be the 

measured flow in millimetres.



Requirements of Workability
• The workability of fresh concrete should be such that it can be placed in form

work without causing segregation and bleeding.

• The choice of workability depends up on the type of compacting equipment
available, the size of the section and concentration of reinforcement.

• Compaction by using hand rodding and tapping is not possible when compacting
factor is less than 0.85.

• Ordinary techniques of vibration are not possible (or) applicable if the compacting
factor falls below 0.70.

• In such case techniques like vibro-pressing has to be adopted.

• For having reinforced sections (or) when the sections are narrow (or) contain
inaccessible parts (or) when the spacing of the reinforcement makes placing and
compaction difficult.

• The workability should be high to achieve full compaction with a reasonable
amount of effort.



• The range of values indicated are considered suitable for concretes having
aggregate of similar of a nominal maximum size of 20mm.

• The value of workability will increase with increase in the size of the aggregate
and will be some what lower for aggregate of smaller size than indicated.

• The aim should be to have the minimum possible workability consistent with
satisfactory placement and compaction of concrete.

• An insufficient workability may result incomplete compaction, thereby severely
affecting the strength, durability and surface finish of concrete and may indeed
prove to be uneconomical in long run.



Quality of water in concrete

Concrete: Concrete is a chemically combined mass which is manufactured from
binding material and inert materials with water.

Function of water in concrete:

• To wet the surface of aggregates to develop adhesion because the cement paste
adheres quickly and satisfactory to the wet surface of the aggregates than to a dry
aggregates.

• To prepare a plastic mixture of various ingredients and to impart workability to
concrete to facilitate placing in the desired position.

• Water is also needed for hydration of the cementing materials to set and harden
during the period of curing.

• The quantity of water in the mix plays a vital role on the strength of the concrete.

• Some water which have adverse effect on the hardened concrete.

• Some may not be harmless (or) even beneficial during mixing.



POTABLE WATER AS MIXING WATER

• The common specifications regarding quality of mixing water is water should be
fit for drinking.

• Such water should have inorganic solids less than 1000 ppm.

• This content leads to a solid quantity 0.05% of mass of cement when w/c ratio is
provided resulting small effect on the strength.

• But some water which are not potable may be used in making concrete with any
significant effect.

• Dark colour (or) Bad smell water may be used if they do not posses deleterious
substances.

• In coastal areas where local water is saline and have no alternate sources, the
chloride concentration up to 1000 ppm is even allowed for drinking.

• But the excessive amount of alkali carbonates and bicarbonates in some natural
mineral water may cause alkali-silicate reaction.



Determination of suitability of mixing water

• A simple way of determining the suitability of such water is to compare the setting
time of cement of mortar cubes using water.

• Tests are recommended when water for which no service record is available
containing dissolved solids in excess of 2000 ppm (or) in excess of 1000 ppm.

• When unusual solids are present a test is advisable.

Quality Parameters Maximum Limit (PPM)

Chlorides 500

SO3 1000

Alkali Carbonates and Bi Carbonates 1000

Turbidity 2000



The effect on concreting for different types of contamination (or) impurities
are described below

• Suspended Solids: Mixing water which high content of suspended solids should
be allowed to stand in a setting basin before use as it undesirable to introduce large
quantities of clay and silt into the concrete.

• Acidity and Alkalinity: Natural water that are slightly acidic are harmless, but
presence of humic (or) organic acids may result the adverse affect over the
hardening of concrete.

• Water which are highly alkaline should also be tested.

Algae: The presence of algae in mixing water causes air entrainments with a
consequent loss of strength.

The green (or) brown forming algae should be regarded with suspension and such
water should be tested carefully.



Sea Water: Sea water contains a total salinity of 3.5% which produces a slightly
higher early strength but a lower long-term strength.

• The loss of strength is usually limited to 15%.

• Sea water reduces the initial setting time of cement but do not effect final setting
time.

Chloride: Water containing large amount of chlorides to cause persistent dampness
and surface efflorescence.

The presence of chlorides in concrete containing embedded steel can lead to its
corrosion.

Moisture content of Aggregate: Aggregate usually contains some surface
moisture.

• Coarse aggregate rarely contains more than 1% of surface moisture but fine
aggregate can contain in excess of 10%.

• This water can represent a substantial proportion of total mixing water indicating a
significant importance in the quality of water that contributes surface moisture in
aggregate.



PROCESS OF MANUFACTURING CONCRETE

Concreting Operations: The operations which are followed in actual practice in
the making of concrete and in improving and maintaining the quality of concrete
known as concreting operations.

The following operations are involved in concrete making:

• Storing of materials

• Batching of materials

• Mixing of various ingredients

• Transportation of concrete mix

• Placing of concrete

• Compaction of concrete

• Finishing of concrete surface

• Curing of concrete



Storing of concrete materials: The process of keeping the ingredients of concrete 
in their place to protect them from the effect of weathering is called storing.

Object of storing: 

• Maintaining the quality and grading of materials is the main objective of storage 
of materials.

• Every effort should be made that the quality of cement do not deteriorate during
storage in ware houses (or) at the site of the work.

Storage of Cement: Cement is finely ground material. It is highly hygroscopic
(Chemistry of a substance tending to absorb water from air).

• It absorbs moisture which may be in the form of fee water.

• An absorption of 1 to 2% of water has no effect but further amount of absorption
reduces the strength of cement.

• If the absorption exceed 5% the cement is for all ordinary process ruined. (A cause
of total destruction).

• During the storing and transporting of cement care is always taken to keep away
from the moisture.



Method of storing cement in ware house
• The cement bags should be placed directly over the floor if it is dry and if not then

the bags should be placed on a raised plat form made of wooden planks.

• The space between the exterior walls and piles should be 0.30m (A group of no of
bags arranged together closely is called Pile).

• Bags should be placed together to avoid circulation of air.

• The height of pile should not be more than 2.7m (i.e not more than 15 bags
should be placed one above the other). The width of the pile should not be more
than 3m.

• Cement bags should not be removed on the principle of first in and first out. For
this purpose, each consignment should be piled separately and plates should be
kept for showing date of arrival.





STORING OF AGGREGATES
Storing of aggregates should be done in such a way as to

• Maintain the uniformity of grading

• Prevent Segregation

• Maintain uniform surface water condition

• Avoid mixing of harmful materials of aggregates



Precautions for maintaining uniformity of Grading

• Hard and dry patch of ground should be selected for storing of the aggregates.

• If a hard surface is not available, provide a platform of planks, G.I sheets, floor of
bricks (or) weak concrete layer.

• This platform is used to avoid the mixing of soil with aggregates.

• The aggregates of various sizes should be kept separately.

• Piles of sand and coarse aggregate should be kept separate.

Precautions for prevention of segregation

• During stock piling successive consignments should not be dropped on the same
place to form a pyramid. It will lead to segregation i.e. The coarser material rolls
down the sides of piles and fine material will concentrate in the centre.

• The aggregates should be placed in layer not thicker than one truck dumped at
same place.



• The aggregates should not fall from a height while being transported and dumped.

• The pile should be as near as possible to the mixer to avoid the greater distance of
transport.

Precautions for preserving uniformity of moisture content

• The area occupied by each pile should be as large as possible. The height of the
pile should be of 1.25m to 1.75m.

• The pile should be allowed to stand for 24 hours at least before being used so that
the moisture has time to settle.

• In the case of sand, the bottom layer (last 300 mm) should not be used as the
bottom layer becomes saturated with water.

Precautions for cleanliness of Aggregates

• The piles of aggregates should be kept clean of leaves, vegetables, debris etc.



STORING OF WATER
• Water is stored at site in a masonry tank built for the purpose (or) in other clean

containers.

• The walls of the tank should be some what higher than the surrounding ground.

• Sufficient quantity of water should be stored in advance to ensure the continuity of
concreting operations.

• If the water obtained from a source containing dust etc. It should be collected a
day in advance to allow such suspended impurities to settle down before use.

BATCHING

• The process of measurement of ingredients (Cement, fine aggregate, Coarse
aggregate and water) for making concrete is called batching.

• Volume Batching

• Weigh Batching



Volume Batching
Batching of Cement: Cement is always batched by weight. Cement should never
be batched by volume, because its weight per unit volume varies according to the
way container (forma) is filled.

Batching of Aggregates: Wooden batch boxes known as formas are used for
batching of fine and coarse aggregates by volume.

The formas should be made of 30mm thick timber.

Batching of water: It is practice in the field to add water by tin cans (or) buckets. It 
is not an accurate method. It results in variable strength of concrete.

• Some of mixers are equipped with calibrated water tank attached permanently to 
the mixers.

• If however, there are no such automatic devices water should be measured in 
calibrated cans very accurately and then only should be added in the mixer.



Weigh Batching
• Weigh batching is the correct and preferred method of measuring concrete

ingredients which leads to more uniform proportioning.

• Weigh batching is done in very important modern concrete batching and mixing
plants.



Mixing of Concrete

• The process of mixing of various ingredients of concrete in specified proportions
is termed as mixing of concrete.

Methods of Mixing:

Hand Mixing

Machine Mixing

Hand Mixing: The process of mixing the ingredients of concrete by manual labour
is called hand mixing.

• Hand mixing is adopted for small and unimportant works and where quantity of
concrete used is small.

• Hand mixing method requires more cement (10% more) than machine mixing for
obtaining the small strength of concrete.



Following step wise procedure for mixing by hand

• A platform of bricks, lean concrete (or) iron sheets is constructed. The size of the
platform depends up on the quantity of concrete to be mixed at a time.

• Spread out a measured quantity of sand evenly on the mixing platform.

• Spread out the cement uniformly on the sand and mix it till the colour of the
mixture is uniform.

• Spread the mixture evenly again on platform.

• Spread the measured coarse aggregate evenly on the mixing platform.

• Mix the material dry.

• Make a hollow in the centre of the mixed material. After this 75% of the required
quantity of water based on w/c ratio is added and then start remixing taking care
that no water escapes the mixture.

• The remaining water is added with the continuation of mixing process.



• Normally the mixing time should not exceed 3 minutes.

• The platform should be cleaned at the end of days work so that it is ready for use
on the next day.



Machine Mixing
• The process of mixing the ingredients of concrete by a machine is called machine 

mixing.

• In this case where a large quantity of concrete is to be produced.

• Hand mixing becomes costly even if the labour is cheap.

• The machine mixing becomes essential. The concrete can thus be produced at a 
faster rate and at a lesser cost.

• The quality of concrete by machine mixing is also better.

Transportation of Concrete

The process of carrying concrete mix from the place of its mixing to a final position 
(or) deposition is called transportation of concrete.

• Transportation of concrete mix is very important because in transportation, time 
factor is involved.

• The mix should be transported as quickly as possible.



Precautions in transport of concrete
The following precautions should be taken during transporting concrete from
mixing place

• Concrete should be transported as quickly as possible to the form work with in the
initial setting time of cement.

• Effort should be made to prevent segregation.

• Transportation cost should be as low as possible.

• The concrete mix should be protected from drying in hot weather and from rain
during transportation.

• No water should be lost from the mix during transportation.

• The permissible duration of transport of concrete should be determined in the
laboratory.

• The concrete should be kept agitated in truck mixer so that it does not become stiff
when transportation is likely to take more.





Vibration of Concrete
• The process of compacting concrete consists essentially of the elimination of

entrapped air.

• This can be achieved by

Tamping (or) Rodding of concrete

Use of Vibrators

Internal Vibrators: The poker is immersed into concrete to compact it. The poker
is easily removed from point to point.

External Vibrators: External vibrators clamp direct to the form work requiring
strong, rigid forms.

Internal Vibrators: To aid in the removed of trapped air the vibrator head should
be rapidly plunged into the mix slowly moved up and down.

• The actual completion of vibration is judged by the appearance of the concrete
surface which must be neither rough nor contain excess cement paste.



External Vibrators
• External vibrators are rigidly clamped to the form work so that both the form and

concrete are subjected to vibration.

• A considerable amount of work is needed to vibrate form.

• Forms must be strong and tied enough to prevent distortion and leakage of grout.

• Form Vibrators

• Vibrating tables

• Surface Vibrators





Thank You



UNIT-3
HARDENED PROPERTIES OF 

CONCRETE



COMPRESSIVE STRENGTH
Compressive Strength: The compressive strength of concrete is one of
the most important and useful properties and useful properties of concrete.

• In most structural applications concrete is employed primarily to
resist compressive stresses.

• The concrete making properties of various ingredients of mix are usually
measured in terms of the compressive strength.

• Compressive strength is also used as qualitative measure for other
properties of hardened concrete.

• No exact quantitative relationship between compressive strength and
flexural strength, tensile strength and flexural strength, modulus of
elasticity, wear resistance, fire resistance (or) permeability have been
established.

• For instance, the indicated compressive strength increases as the
specimen size decreases, whereas the modulus of elasticity
decreases.



• The modulus of elasticity in the case does not follow the compressive
strength.

• The other case where the compressive strength does not indicate the
useful property of concrete is when the concrete is subjected to
freezing and thawing.

• Concrete containing about 6 percent of entrained air which is relatively
weaker is strength is found to be more durable than dense and
strong concrete.

• The compressive strength of concrete is generally determined by testing
cubes (or) cylinders made in laboratory (or) filed (or) cores drilled
from the hardened concrete at site (or) from the non-destructive
testing of the specimen (or) actual structure.

• Strength of concrete is its resistance to rupture. It may be measured in a
no of ways such as strength in compression, in tension, in shear (or)
in flexure all these indicate the strength to a particular method of
testing.



• The cohesion and adhesion developed by concrete in resisting failure 
more (or) less a single parameter i.e w/c ratio.

• For a given cement and acceptable aggregates, the strength that may
be developed by workable, properly placed mixture of cement,
aggregate and water (under the same mixing, curing and testing
conditions).

• Ratio of cement to mixing water

• Ratio of cement to aggregate

• Grading, surface texture, shape, strength and stiffness of aggregates
particles.

• Max size of aggregates.



Compressive Strength of Concrete cubes

• Out of the many tests applied to the concrete this is the utmost important
which gives an idea about all the characteristics of concrete.

• By this single test one judge that whether concreting has been done
properly (or) not.

• For cube test two types of specimens either cubes of
15cmX15cmX15cm (or) 10cm X 10cm X10cm depending up on the
size of aggregate used.

• For most of the works cubical moulds of size is 15cmX15cmX15cm are
commonly used.

• The concrete is poured in the mould and tampered properly so as not to
have any voids.

• After 24 hours these moulds are removed and test specimens are put
in water for curing.



• The top surface of these specimens should be made even and smooth.

• This is done by putting cement paste and spreading smoothly on 
whole area of specimen.

• These specimens are tested by compression testing machine after 7 
days curing (or) 28 days curing.

• Load should be applied gradually at the rate of loading 140kg/m2 per 
minute till the specimen fails.

• Load at the failure divided by area of the specimen gives the
compression strength of concrete.



Hardened Concrete
• Strength is defined as the ability of a material to resist stress without

failure.

• The failure of concrete is due to cracking.

• Under the direct tension, concrete failure is due to the propagation of a
single major crack.

• In compression failure involves the propagation of a large no of cracks,
leading to a mode of disintegration commonly referred to as ‘crushing’.



• It is important to notice that cracks form and propagate a lot easier in
tension than in compression.

• The tensile strength is hence much lower than the compressive
strength.

• An empirical relation between ft and fc is given by 

Ft = 0.65 (fc)
0.5

For 21MPa < fc < 83 MPa

• Substituting numerical values for fc, ft is found to be around 7 to 13%
of the compressive strength with a lower ft/fc ratio for higher
compressive strength.

• In this formula, fc is obtained from the direct compression of cylinder while
ft is measured with splitting tensile strength.



Direct tension test 
• Direct tension tests of concrete are seldom carried out because it is very

difficult to control.

• Also perfect alignment is difficult to ensure and the specimen holding
devices introduce secondary stress that cannot be ignored.

• In practice, it is common to carry out the splitting tensile test (or) flexural
test.

Indirect tension test (Split cylinder test)

• Code BIS 1881:PART 117:1983

• Specimen size 150mm X 300mm cylinder

• Loading rate 0.011 to 0.023 MPa/Sec



• The splitting test is carried out by applying compression loads along two 
axial lines that are diametrically opposite.

• Under vertical loading acting on the two ends of the vertical diametrical
line, uniform tension is introduced along the central part of the
specimen.

• The splitting tensile strength can be obtained using the formula



Flexural Strength
• Flexural strength also known as modulus of Rupture, bend strength (or) 

fracture strength.

• BIS 1881:PART 118:1983

• Flexural test 150X150X750mm (or) 100X100X500mm (max size of 
aggregate is less than 25mm.

• The modulus of rupture can be calculated

• This formula is for the case of fracture taking place with in the middle one 
third of the beam



• If the fracture occurs outside of the middle one-third, the modulus of
rupture can be completed from the moment at the crack location according
to ASTM standard.

3Pa/bd2

P- Load taken by specimen

b- Width of the specimen

d – Depth of the specimen



Water/Cement Ratio
• Strength of concrete primarily depends up on the strength of cement

paste.

• The strength of cement paste depends up on the dilution of the paste.

• The strength of paste increases with cement content and decreases
with air and water content.

• In 1918 Abrams presented his class law in the form

𝑆 =
𝐴

𝐵𝑥

• Where x = water/cement ratio by volume and for 28 days results the
constants A and B are 96 N/mm2 and 7 days.

• Abrams water/cement ratio law states that the strength of concrete is only
dependent upon water/cement ratio provided the mix is workable.



• In 1918; Abrams’ law states that “assuming full compaction, and at a
given age and normal temperature, strength of concrete can be taken
to be inversely proportional to the water/cement ratio”



Gel/Space Ratio
• Some of the limitations are that the strength at any water/cement ratio

depends on the degree of hydration of cement and its chemical and
physical properties, the temperature at which the hydration takes
place, air content in the case of air entrained concrete.

• The change in the effective water/cement ratio and the formation of
fissures and cracks due to bleeding or shrinkage.

• Instead of relating the strength to water/cement ratio, the strength can be
more correctly related to the solid products of hydration of the cement to
the space available for formation of the product.

• Powers and Brownyard have established the relationship between
the strength and gel/space ratio.

• He found the relation ship to be 𝟐𝟒𝟎𝒙𝟑, where x is the gel/space ratio
and 240 represents intrinsic strength of the gel in MPa for type of cement
and specimen used.



• The strength calculated by Powers expression holds good for an ideal 
case.

• The ratio is defined as the ratio of the volume of the hydrated cement
paste to the sum of the volumes of the hydrated cement and of
capillary pores.

• The relationship between strength and gel/space ratio

• It is pointed out that the relationship between the strength and w/c
ratio will hold good primarily for 28 days strength for fully compacted
concrete.

• Whereas the relationship b/w the strength and gel/space ratio is
independent to age.

• Gel/space ratio can be calculated at any age and for any fraction of
hydration of cement.

• Gel/Space ratio can be calculated at any age and for any fraction of
hydration of cement.



• Since concrete is a brittle material, its porosity primarily governs its
strength.

• The compressive strength is found to be severely decreasing with
increase in the porosity.

• The porosity of concrete which governs the strength of concrete is affected
by the gel/space ratio in concrete.

• The gel/space ratio is the ratio of the solid products of hydration to the
space available for these hydration products.

• A higher gel/space ratio reduces the porosity and therefore increases
the strength of concrete.

• The gel/space ratio, which governs the porosity of concrete affecting its
strength, is affected by the water/cement ratio of concrete.

• A higher water/cement ratio decreases the gel/space ratio increasing the
porosity thereby decreasing the strength of concrete.





C = Weight of cement in grams 

Vc = Specific volume of cement = 0.319 ml/gm

Wo = Volume of mixing water in ml.

Assuming that 1 ml of cement on hydration will produce 2.06 ml of gel.

Volume of gel = C x 0.319 x 2.06

Space available = C x 0.319 + Wo



Calculation of gel/space ratio for partial hydration

Let α = Fraction of cement that has hydrated

Volume of gel = C X α X 0.319 X 2.06

Total space available C X Vc X α + Wo

Calculate the gel/Space ratio and the theoretical strength of a sample
of concrete made with 500 gms of cement with 0.5 water/cement ratio,
on full hydration and at 60 percent hydration.



Maturity Concept of Concrete

• While dealing with curing and strength development, we have so far
considered only the time aspect.

• It has been pointed out earlier that it is not only the time but also the
temperature during the early period of hydration that influence the
rate of gain of strength of concrete.

• Since the strength development of concrete depends on both time and
temperature.

• This summation is called maturity of concrete.

Maturity = (time X temperature)

• The temperature is reckoned from an original lying between -12 and 10 ̊ C.

• It was experimentally found that the hydration of concrete continues to
place up to about -11 ̊ C.





• Maturity is measured is degree centigrade hours(  ̊C hrs) (or) degree 
centrigrade days (  ̊C days).

• A Sample of concrete cured at 18̊ C for 28 days is taken as fully matured 
concrete. Its maturity will be equal to   

28 X 24 X [(18 – (-11)] = 19488̊ C hours.

• However, In standard calculations the maturity of fully cured concrete is
taken as 19488 ̊ C hours (The discrepancy is because of the origin (or)
datum is not exactly being -11 ̊ C assumed in calculation).

• If the period is broken into smaller interval and its corresponding
temperature is recorded for each interval of time. The summation of the
product of time and temperature will give an accurate picture of the
maturity of concrete.

• Maturity concept is useful for estimating the strength of concrete at
any other maturity as the percentage of strength of concrete of
known maturity.



• In other words, if we know the strength of concrete at fully maturity (19,800̊ 
C hours), we can calculate the percentage strength of identical concrete 
at any other maturity by using the following equation is given by plowman.

• Strength at any maturity as a percentage of strength at maturity of 

198000C = A+B log
𝒎𝒂𝒕𝒖𝒓𝒊𝒕𝒚

𝟏𝟎𝟑

The values of coefficients A and B depend on the strength level of concrete. 
These Values are given in table 

Strength after 28 days 

at 18 ̊C (Maturity of 

19800 ̊Ch): MPa

A B

Less than 17.5 10 68

17.5-35.0 21 61

35.0-52.5 32 54

52.5-70.0 42 46.5



Curing of Concrete
Curing may be defined as the operation of maintaining humidity and
temperature of freshly placed concrete during some definite period
following placing, casting (or) finishing to assure the satisfactory
hydration of cement and proper hardening of concrete.

• If the curing is neglected in early hydration, the quality of concrete will
experience some irreparable loss.

Methods of Curing:

• Water Curing

• Application of heat

• Membrane Curing

• Miscellaneous

Concrete derives its strength by the hydration of cement Particles.



• The hydration of cement is not a momentary action but a process
continuing for a long time.

• Of course, the rate of hydration is fast to start with but continues over a
long time at a decreasing rate.

• The quantity of the product of hydration and consequently the amount of
gel formed depend up on the extent of hydration.

• It has been mentioned that earlier that cement required a water/cement
ratio 0.23 for hydration and 0.15 for filling the voids in the gel pores.

• In the other words a w/c ratio of about 0.38 would be required to hydrate
all the particles of the cement and also occupy the space in the gel pores.

• Theoretically for a concrete made and contained in a sealed container a
w/c ratio of 0.38 would satisfy the requirement of water for hydration and at
the same time no capillary cavities would be left.

• In this field and in actual work, it is different story.



• Even though higher w/c ratio is used since the concrete is open to
atmosphere, the water used in the concrete evaporates and the water
available in the concrete will not sufficient for effective hydration to take
place particularly in the top layer.

• If the hydration is continued unbated, extra water must be added to
replenish the loss of water on account of absorption and evaporation.

• Alternatively some measures must be taken by the way of provision of
impervious covering (or) application of curing compounds to prevent the
loss of water from the surface of the concrete.

• Therefore, the curing can be considered as creation of a favourable
environment during the early period of uninterrupted hydration.

• Curing can also be described as keeping the concrete moist and
warm enough so that the hydration of cement can continue.



• Curing can be described as the process of maintaining a satisfactory
moisture content and a favourable temperature in concrete during the
period immediately following placement. So that hydration of cement may
continue until the desired properties are developed to a sufficient degree
to meet the requirement of service.

• Curing is being given a place of increasing importance as the demand for
high quality concrete is increasing.

• It has been recognised that the quality of concrete shows all round
improvements with efficient uninterrupted curing.

• If the curing is neglected in the early period of hydration, the quality of
concrete will experience a sort of irreparable loss.

• An efficient curing in the early period of hydration can be compared to a
good and whole some feeding given to a new born baby.

• A concrete laid in the afternoon of a hot summer day in a dry climatic
regions is apt to dry out quickly.



• The surface layer of concrete exposed to drying conditions, with the
combined effect of hot sun and drying wind is likely to be made poorly
hydrated cement with inferior gel structure which does not give the
desirable bond and strength characteristics.

Types of water curing:

• Immersion

• Ponding

• Spraying (or) Fogging

• Wet Covering

Water Curing: This is the best method of curing as it satisfies all the
requirement of curing namely, promotion of hydration, elimination of
shrinkage and absorption of heat of hydration.

• It is pointed out that even if the membrane method is adopted it is
desirable that a certain extent of water curing is done before the concrete
is covered with membrane.





Membrane Curing: Some times concrete work is carried out at a place
where there is shortage of water. Therefore application of water curing is not
possible it has been pointed out that curing does not means application of
water, it also means to create interrupted and progressive hydration.

Application of Heat Curing:

• The development of strength of concrete is a function of not only time but
also temperature.

• When concrete is subjected to higher temperature it accelerates the
hydration process resulting in faster development of strength.

• Concrete cannot be subjected to dry heat to accelerate the hydration
process as presence of moisture is also essential in concrete.



TYPES OF HEAT CURING
• Steam Curing at Ordinary Pressure

• Steam Curing at High Pressure

• Curing by infrared Radiations

• Electrical Curing



Steam Curing at Ordinary Pressure: This method is often adopted by
prefabricated concrete elements.

• Application of steam curing to insitu constructions will be difficult task.

• However at some places it has been useful with the help of thick
polyethylene sheets but the rate of development of strength is not
beneficial.

High Pressure steam curing: In the steam curing at atmospheric pressure
the temperature of steam is naturally 100C,the steam will get converted into
water, it can be called in any way, as hot water curing. This is done in open
atmosphere.

Curing by Infra Red Radiation: Curing of concrete by Infra red radiations
has been practised in very cold climatic regions in Russia.

• It is claimed that much more rapid gain of strength can be obtained than
with steam curing and that rapid initial temperature does not cause
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CONDITION SURVEY-OBJECTIVES

Examination of  concrete for identifying and 
defining areas of distress.

To identify causes and sources of distress

To assess the extent of distress, the residual 
strength and possibility of rehabilitability

To prioritise distressed elements according to the 
seriousness for repairs

To select and plan an effective remedy



CLASSIFICATION OF DAMAGE

 Class 0- Cosmetic- Redecoration if required

 Class 1- Superficial- Carbonation depths not 
reached- Superficial repair.

 Class 2- Patch Repair- Minor structural cracks-
protective coating- crack sealing-shotcrete-
reinforcing with nominal steel fabric

 Class 3 – Principal Repair- Spalling of cover 
concrete, major structural cracks- corrosion-
reduction in load carrying capacity- Strengthening to 
RCC, additional reinforcement

 Class 4- Major Repair- Major structural loss-
replacemetn of structural members-demolition and 
recasting   



Choice is Yours

• A Good Quality Concrete Can Be 

Developed By the Inferior Quality Materials 

By Adopting Stringent Quality Control at 

the Site.

• It is also Possible to Develop an inferior 

Quality Concrete With Good Quality 

Materials By Adopting Poor Quality Control 

at the Site.



Why Quality Control is Required in Concrete 

Construction?

1. Variations in the Sources of Materials,

2. Variations in the Characteristics Materials,

3. Variations in the Proportioning of Concrete,

4. Variations in Concrete Mixing, Compaction, 

and Curing,

5. Variations in the Properties of Fresh and 

Hardened Concretes,

6. Variations in the Exposures Conditions



Filled up and 
Loose Soil Strata

• The depth of the filled up soil was 
2m and the total depth of the 
foundation was approximately 
4.5m.

• The type of foundations were 
isolated RCC Footings.

• The type of the soil at the level of 
foundation is found to be loose 
silty soil.



• Improper Spacing of 
Lateral Ties,

• Hooks were not 
Provided

Very Gross 
Negligence



FACTORS CAUSING DISTRESS IN CONCRETE STRUCTURES

FAULTY DESIGN Wrong mix 

Under design

INFERIOR MATERIALS Contaminated 

aggregate

Contaminated water

POOR CONSTRUCTION PRACTICES Faulty formwork

Inadequate curing

ABUSE OF STRUCTURES Lack of maintenance

ENVIRONMENTAL EFFECTS Thermal, moisture

Freezing & Thawing

CHEMICAL EFFECTS Carbonation, chloride

INTERNAL STRESSES Fire, sulphate attack

MECHANICAL CAUSES Over loading, 

abrasion



INVESTIGATION METHOD

• Visual observations

 Documentations

 Measurement of geometrical parameters

• Experiments for evaluating material properties and 

member behavior

#   Non destructive testing

#   Partially destructives testing

#   Load tests

• Interpretation and analysis of test results

• Formulation of repair measures

• Post repair evaluation



DOCUMENTATION

• Both by drawing and photographs

#   Types and pattern of cracking

#    Spalling

#    Abnormal distress

#    Discoloration

#    Deformation

• History of construction

• Original quality

• Analysis and design methods with 

assumption made

• Types of materials used



MEASUREMENT OF GEOMETRICAL 

PARAMETERS

• Column, beam, slab dimensions

• Vertical alignment

• Deflections and deformations if any



NDT & PDT 

• Non destructive testing
#   Rebound Hammer test

#   Ultrasonic test

#   Half cell potential test
• GCOR6

• Galva Plus

#    Concrete Resistivity meter

#    Permeability test

#   Penetration test

#   Pull off test

#   Cover meter test

• Partially destructive test

#   Core test

• Load test



Other  NDT Instruments

• Impact Echo

• Sub Surface Penetrating Radar 

• Thermography

• Image scanning

• Endoscopy



REBOUND HAMMER TEST





Rebound Hammer Test

• A simple hand held device

• Measures the hardness of concrete surface 

through a rebound of a spring loaded mass

• Rebound measured on a graduated scale giving 

a “Rebound Number”

• Larger the rebound number - harder the 

surface concrete

• A qualitative test (IS 13311 Part 2)

• Strength correlation quantifiable based on 

correlation graphs



FACTORS AFFECTING REBOUND NUMBER 

READINGS

•Mix Characteristics- Cement type and 
content and coarse aggregate content.
Angle of inclination of hammer
•Member Characteristics- Mass, compaction 
and surface type
Age of concrete and Rate of hardening, 
curing type
• Surface texture
• Concrete mix characteristics
• Carbonated concrete, and 
• Moisture content 



STEPS TO BE FOLLOWED

• All members to be marked with well defined grid points -
spacing of 200 - 300 mm preferred

• Each grid point to be cleaned and surface smoothened

• A minimum of 6 readings to be obtained at each point and
average considered omitting too low and too high values.

• Do not repeat impacts on same point

• A hammer of 0.225 kg m impact energy used for normal
concrete and structural members of medium size

• A statistical analysis gives indication on overall quality and
variability

• Delamination of cover concrete can be identified

• low and very low rebound numbers

• Very high rebound numbers greater than 50- may
represent carbonated concrete - to be confirmed by
chemical test



TEST DIRECTION

DOWNWARD

UPWARD

HORIZONTAL







Quality of concrete cover

•

Comparative hardness of the cover 

zone

Instrument Average  

rebound 

number

Quality of 

concrete

Schmidt

hammer

readings

> 40

30 to 40

20 to 30

10 to 20

< 10

Very good

Hard layer

Good layer

Fair

Poor concrete

Delaminated
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ULTRASONIC TEST



ULTRASONIC TEST



PROCEDURE FOR UPV TEST

• Dividing the members into well defined grid points -
spacing of 200 - 300 mm preferred identical to rebound
hammer survey

• Each grid point is prepared to obtain smooth surface -
a thorough cleaning

• Application of acoustical coupling - grease, thick oil,
petroleum jelly

• Transmitting the pulses by placing the transmitter and
receiving at other end (50-54 kHz)

• Recording the transit time displayed by the instrument 
- a reliable steady reading to be recorded 

• Measurement of length between transmitter and
receiver

• Calculation of velocity

V = L / T ( L – Path length, T-time)



GRID MARKING



GRID MARKING



METHOD OF UPV TEST

DIRECT

SEMI-DIRECT

INDIRECT



Ultrasonic pulse velocity test

• Method used to determine

-Homogeneity of concrete

-Presence of voids, cracks or general loss of

integrity

-Qualitative and relative condition of 

concrete

• A combination of rebound numbers and 

UPV values helps to identify corrosion 

prone locations



GUIDELINES FOR ASSESSING THE CONDITION OF 

CONCRETE BASED ON UPV VALUES

UPV value km/sec. (V) Concrete quality

Greater than 4.00 Very good

Between 3.50 and 4.00 Good, but porous

Between 3.00 and 3.50 Poor

Between 2.50 and 3.00 Very poor

Between 2.00 and 2.50 Very poor and low 

integrity

Less than 2.00 No integrity, large 

voids suspected



SHRINKAGE OF CONCRETE

• Shrinkage in concrete is caused mainly by loss of water by

evaporation (or) by hydration of cement.

• Shrinkage is the reduction in volume of a freshly hardened

exposed to ambient temperature and humidity.

• Reduction in the volume due to shrinkage causes of

volumetric strain.

• Volumetric strain is equal to 3 times the linear strain.

• In practice, shrinkage is measured simply as a linear strain.



TYPES OF SHRINKAGE

• Plastic Shrinkage

• Drying Shrinkage

• Autogenous Shrinkage

• Thermal Shrinkage

• Carbonation Shrinkage



Plastic Shrinkage
• It occurs due to loss of water by evaporation from freshly

placed concrete while the cement paste is plastic.

• Plastic shrinkage is higher at higher rate of evaporation of water

which in turn depends on the air temperature, concrete

temperature, the relative humidity of air and wind speed.

• Plastic shrinkage of concrete of higher at a larger cement

content (i.e smaller the aggregate content by volume) of the

mix.



DRYING SHRINKAGE
• It occurs due to loss of water by evaporation from freshly

hardened concrete exposed to air.

• When the concrete which has undergone to drying shrinkage is

subsequently placed in water (or) at higher humidity, it will

swell due to absorption of water by the cement paste partial

recover from the shrinkage.

• The amount of shrinkage recovered in placing the concrete in

water (or at higher humidity) is called “reversible moisture

movement (or) Reversible Shrinkage”.

• The un-recovered shrinkage is called “Residual (or)

Irreversible shrinkage”.

• Drying Shrinkage = Reversible shrinkage + Irreversible



• Reversible shrinkage = 40 to 70% of drying shrinkage.

• Reversible shrinkage will form a greater proportion of drying

shrinkage.

• If the concrete is cured so that it is fully hydrated before

being exposed to drying.

• Irreversible shrinkage will form a greater proportion of the drying

shrinkage.

• If the concrete is not fully hydrated before being exposed to

drying (or) drying is accompanied by extensive carbonation

(or) both.

• The pattern of drying shrinkage (i.e moisture movement) under

alternate wetting and drying.



AUTOGENOUS SHRINKAGE 
• Autogenous shrinkage occurs due to loss of water by self-

dessication of concrete during hydration.

Self-desiccation is a phenomenon by virtue of which concrete

with a low w/c ratio (theoretically below 0.42), begin to dry out

due to internal consumption of water during hydration and to

loss of water to the outside evaporation.



THERMAL SHRINKAGE
• Thermal shrinkage occurs due to excessive fall in

temperatures.

• Thermal shrinkage of physical in nature.

• Decrease in temperature may take place when the early

thermal temperature is fully depleted and undergo below the

ambient temperatures.

• Another example is that roof slab (or) road pavement

expands during the day and undergoes thermal shrinkage

during night.



Carbonation Shrinkage
• Carbonation shrinkage is phenomenon very recently

recognised.

• Carbon dioxide present in the atmosphere reacts in presence

of water with hydrated cement.

• Calcium hydroxide gets converted to calcium carbonate and

also some other composed are decomposed.

• Such a complete decomposition of calcium compound in

hydrated cement is chemically possible even at low

pressure of carbon dioxide in normal atmosphere.

• Carbonation penetrates beyond the exposed surface of

concrete only very slowly.

• The rate of penetration of carbon dioxide depends also on the



• Carbonation is accompanied by an increase in weight of the

concrete and by shrinkage.

• Carbonation shrinkage is probably caused by the dissolution

of crystals of calcium hydroxide and deposition of calcium

carbonate.

• As the new product is less in volume than the product replaced,

shrinkage takes place.

• Carbonation of concrete also results in increased strength

and reduced permeability.

• Carbonation increases the strength possible because the

water released by carbonation promotes the process of

hydration and also calcium carbonate reduces the voids

within the cement paste.

• As the magnitude of carbonation shrinkage is very small when



• If the depth of carbonation reaches up to steel 

reinforcements, the steel becomes liable for corrosion.
Ca (OH)2 + CO2 CaCO3 + H2O 



Effect of Height to Dia ratio on strength
• Normally, height of the cylinder “h” is made twice the dia “d” but sometimes

particularly, when the core is cut from the road pavement (or) air field
pavement (or) foundation concrete.

• It is not possible to keep the height/dia ratio of 2:1.

• The diameter of the core depends upon the cutting tool and the height of
the core will depend upon the thickness of the concrete member.

• If the cut length of the core is too long. It can be trimmed to h/d ratio of
2 before testing.

• But with too short a core, it is necessary to estimate the strength of the
same concrete.

• High strength concrete is less effected than the low strength concrete.

• It is interesting to note that the restraining effect of the platens of the
testing machine extends over the entire height of the cube but leaves a
unaffected part of the test cylinder because of greater height.



• It is therefore, the strength of the cube made from identical 

concrete will be different from the strength of the cylinder.

• Normally the strength of the cylinder is taken as 0.8 times

the strength of the cube but experiments shown that there

is no unique relationship between the strength of the cube

and strength of cylinder.

• It was seen that the strength relation varies with the level of the

strength of the concrete.

• For high strength the difference between the strength of

cube and cylinder is becoming narrow.



Comparison between the cube and cylinder strength

• It is difficult to say whether cube test gives more realistic strength
properties of concrete (or) cylinder gives a better picture about the
strength of concrete.

• However, it can be said that the cylinder is less affected by the end restrains
caused by platens and hence it seems to give more uniform results than
cube.

• Cylinder are cast and tested in the same position whereas cube are
cast in one direction and tested from other direction.

• In actual structures in the field, the casting and loading is similar to that
of the cylinder and not like cube.

• As such cylinder simulates the condition of actual structural member in the
field in respect to direction of load.

• The points in favour of cube specimen are that the cube resembles the
shape of the structural members often met with on the ground.



• The cube does not require capping where as cylinder requires

capping.

• The capping material used in case of cylinder may influence

to some extent of the strength of the cylinder.



PULL OUT TEST
• A Pull-out test measures the force required to pull out from

the concrete a specially shaped rod whose enlarged end

has been cast into the concrete.

• The stronger the concrete, the more is the force required to pull

out.

• The ideal way to use pull out test in the field would be to

incorporate assemblies in the structure.

• These standard specimens could then be pulled out at any point

of the time.

• The force required denotes the strength of the concrete.

• Another way to use pull out test in the field would be to cast

one or two large blocks of concrete incorporating pull-out





Elastic Properties of Concrete

• In theory practice of reinforced concrete it is assumed that concrete is
elastic, isotropic, homogenous and it conforms the Hooke's law.

• Actually none of the assumptions are strictly true and concrete is no a
perfectly elastic material.

• Concrete deforms when load is applied but this deformation does not
follow any simple set rule.

• The deformation depends upon the magnitude of the load, the rate at
which the load is applied and the elapsed time after which observation
is made.

• In other words, the rheological behaviour of concrete (i.e the response of
concrete to applied load is quite complex).

• The knowledge of rheological properties of concrete is necessary to
calculate deflection of structures and design of concrete members with
respect to their sections, quantity of steel and stress analysis.



• The stress in steel is “m” times the stress in concrete and where m is
the ratio between modulus of elasticity of steel and concrete known as
“modular ratio”.

• Reinforced section is made up of both steel and concrete while steel is
made to resist tension load and compression load takes by concrete.

As per IS: 456-1978

m is calculated by the following formula:

m=Es/Ec

Es= Tensile strength of steel

Ec= Compression strength of concrete

Accordingly, the modular ratio m is not computed as m = Es/Ec =
200000/5000(fck)^.5

According to IS456:2000

m = 280/3σcbc

where,

σcbc= permissible compressive stress in concrete in bending.



• The accuracy of design will naturally be dependent upon the

value of modulus of elasticity of concrete because modulus

of elasticity of steel is more (or) less a definite quantity.

• It is to be further noted that the concrete exhibits very peculiar

rheological because of its being a heterogeneous

multiphase material whose behaviour is influenced by the

elastic properties and morphology of gel structures.

• The modulus of elasticity of concrete is so important and at the

same time so complicated.

• The modulus of elasticity is determined by subjecting a cube

(or) cylinder specimen to uniaxial compression and

measuring the deformations by means of dial gauge length

will give the strain and load applied divided by area of cross

section will give the stress.





• The modulus of elasticity can be determined by subjecting a

concrete beam to bending and then using the formulae for

deflection and by substituting other parameters.

• The modulus of elasticity so found from actual loading is called

Static modulus of elasticity.

• It can be seen that even under a short term loading concrete

does not behave as an elastic material.

• However up to about 10-15% of the ultimate strength of

concrete, the stress-strain graph is not very much curved

and hence can give more accurate results.

• For higher stresses the stress-strain relationship will be

greatly curved as it will be inaccurate.

• In view of the peculiar and complex behaviour of stress-

strain relationship the modulus of elasticity is defined some



• The modulus of elasticity of concrete is designated in

various ways and they have been illustrated on the stress-

strain curve.

• In case of concrete, since no part is straight, the modulus of

elasticity is found with reference to the tangent drawn on

the curve at the origin.

• The modulus found from this tangent is refereed as initial

tangent modulus.

• It gives the satisfactory results only at low stress values.

• For higher stress values it gives misleading picture.

Tangent Modulus: It is given by the slope of a line drawn tangent

to stress-strain curve at any point of the curve.

Secant Modulus: It is given by the slope of a line drawn from the

origin to point of the curve corresponding to a 40% stress of the



Here is the following three main types of deformation in

hardened concrete subjected to external loading.

Elastic Strains: These are instantaneous deformations occur

when an external stress is first applied.

Shrinkage Strains: These deformation occur either on loss of

moisture from the cooling of concrete.

Creep: It is the time-dependent deformation that occur on the

prolonged application of stress.

Deformation effect: Any one (or) combinations of the above types

of deformation in a hardened concrete leads to cracking.

Elastic strains: Elastic strain in concrete, as defined above,

depends on the externally applied stress and modulus of elasticity

of concrete.

Elastic Strain = Externally applied stress/Modulus of elasticity



Dynamic Modulus of Elasticity
• The value of E is found out by actual loading of concrete i.e., the

static modulus of elasticity does not truly represent the elastic
behaviour of concrete due to the phenomenon of Creep.

• The elastic modulus of elasticity will get affected more seriously at
higher stresses when the effect of creep is more prounced.

• Attempts have been made to find out the modulus of elasticity
from the data obtained by non-destructive testing of concrete.

• The value of dynamic modulus of elasticity computed from ultrasonic
pulse velocity method is some what higher than those determined by
static method.

• This is because the modulus of elasticity as determined by dynamic
modulus is unaffected by creep.

• The creep also does not significantly effect the initial tangent
modulus in the static method.



• Therefore the value of dynamic modulus and the value of initial

tangent modulus are found to be more (or) less agree with each

other.

• Approximate relationship between the two modulus expressed in

GN/m2 is given by

EC = 1.25Ed -19

Where EC and Ed are the static and dynamic modulus of 

elasticity

The relationship does not apply to light weight concrete or for very 

rich concrete with cement content more than 500 kg/m3. 

For light weight concrete the relationship can be as follows 

EC = 1.04Ed - 4.1

The modulus of elasticity can be determined by subjecting the



By using the above parameters modulus of elasticity can be

calculated from the following relationship.

Ed = Kn2L2ρ

Ed = Dynamic modulus of Elasticity

K is a Constant

n is a resonant Frequency

L is the length of the specimen

ρ is the density of the concrete

If L is measured in millimetres and ρ in Kg/m3

Ed = 4 x 10 -15 n2L2ρ GPa



POISSON’S RATIO
• Some times in design and analysis of structures, the knowledge

of Poisson's ratio is required.

• Poisson's ratio is the ratio between the lateral strain to the

longitudinal strain.

• It is generally denoted by the symbol μ

• For normal concrete the value of Poisson's ratio lies in the

range of 0.15 to 0.20 when actually determined from strain

measurement.

• Poisson's ratio can be determined from ultrasonic pulse

velocity method and by finding out the fundamental

resonant frequency of the longitudinal vibration of concrete

beam.



V is the pulse velocity (mm/s)

n is the resonant frequency (Hz) and L is the length of the beam (in 

mm)

The value of the poissons ratio found out dynamically is little

higher than the value of static method.

The value ranges 0.2 to 0.24.

Dynamic modulus of elasticity can also be found out from the

following equation

Where  V is the pulse velocity

ρ is the density and 

μ is the Poisson’s ratio



Factors affecting Creep
Influence of Aggregate

Influence of Mix Proportion

Influence of Age

• Aggregate undergoes very little creep. 

• It is really the paste which is responsible for the creep.

• However, the aggregate influences the creep of concrete through a 
restraining effect on the magnitude of creep. 

• The paste which is creeping under load is restrained by 
aggregate which do not creep. 

• The stronger the aggregate the more is the restraining effect 
and hence the less is the magnitude of creep. 

• The modulus of elasticity of aggregate is one of the important 
factors influencing creep. 



• It can be easily imagined that the higher the modulus of elasticity

the less is the creep.

• Light weight aggregate shows substantially higher creep than

normal weight aggregate.

Influence of Mix Proportions

• The amount of paste content and its quality is one of the most

important factors influencing creep.

• A poorer paste structure undergoes higher creep.

• Therefore, it can be said that creep increases with increase

in water/cement ratio.

• In other words, it can also be said that creep is inversely

proportional to the strength of concrete.

• Broadly speaking, all other factors which are affecting the



Influence of Age:

• Age at which a concrete member is loaded will have a

predominant effect on the magnitude of creep.

• This can be easily understood from the fact that the quality

of gel improves with time.

• Such gel creeps less, whereas a young gel under load being

not so stronger creeps more.

• What is said above is not a very accurate statement because of

the fact that the moisture content of the concrete being

different at different age also influences the magnitude of

creep.



Effects of Creep
• In reinforced concrete beams, creep increases the deflection with time

and may be a critical consideration in design.

• In eccentrically loaded columns, creep increases the deflection and can
load to buckling.

• Creep property of concrete will be useful in all concrete structures to
reduce the internal stresses due to non-uniform load or restrained
shrinkage.

• In mass concrete structures such as dams, on account of differential
temperature conditions at the interior and surface, creep is harmful and
by itself may be a cause of cracking in the interior of dams.

• Therefore, all precautions and steps must be taken to see that increase
in temperature does not take place in the interior of mass concrete
structure.

• Loss of prestress due to creep of concrete in prestressed concrete
structure.



Creep coefficient and age of loading

• The ultimate creep strain may be estimated from the following

values of creep coefficients (that is, ultimate creep strain/elastic

strain at the age of loading).

• For long spans structures, it is advisable to determine

actual creep strain as per (IS 456:2000).

The values of creep coefficient at the age of loadingAge of Loading Creep Coefficient

7 days 2.2

28 days 1.6

1 year 1.1



Properties of Hardened Concrete
Strength of Concrete: The determination of compressive strength

has received a large amount of attention because the concrete is

primarily meant to withstand compressive stresses.

• Cubes, cylinders and prisms are three types of compression

test specimens used to determine the compression strength on

testing machines.

• The cubes are usually of size 100 mm (or) 150 mm side.

• The cylinders are 150 mm dia by 300 mm height.

• The prisms are used is 100 mm X 100 mm X 500 mm in size

• The specimens were cast, cured and tested as per the standards

prescribed for such tests.



Why we test concrete strength after 28 days

• The table below shows the compressive strength gained by 

concrete after 1,3,7,14 and 28 days with respect to the grade of 

concrete we use

• From above table, we can see that, concrete gains 16 percent 

strength in one day, 40 percent in 3 days, 65 percent in 7 

days, 90 percent in 14 days and 99 percent strength in 28 

days.

Age Strength Percentage

1 day 16%

3 days 40%

7 days 65%

14 days 90%

28 days 99%



• When its strength have reached 99 percentage in 28 days still

concrete continues to gain strength after that period but that rate

of gain in compressive strength is very less compared to that in

28 days.

• After 14 days of casting concrete, concrete gains only 9% in 

next 14 days so rate of gain of strength decreases.

• We have no clear idea up to when the concrete gains the 

strength, 1year (or) 2 years, but it is assumed that concrete may 

gain its  final strength after 1 year.

• So, since the concrete strength is 99% at 28 days its almost 

close to its final strength, thus the results of compressive 

strength test after 28 days and use this strength as the base for 

our design and evaluation.



UNIT- 4

CONCRETE MIX DESIGN



INTRODUCTION
• The process of selecting suitable ingredients of concrete and

determining their relative amounts with the objective of producing of
the concrete of the required strength, durability and workability as
economically as possible is termed the concrete mix design.

• The proportioning of ingredients of concrete is governed by the required
force of concrete in two states namely the plastic and hardened states.

• If the plastic concrete is not workable, it cannot be properly placed and
compacted.

• Therefore the property of workability becomes vital role in preparation of
concrete.

• The compressive strength of hardened concrete which is generally
considered to be an index of other properties, depends on many
factors.



Ex: Quality and Quantity of cement, water and aggregates, batching 
and mixing, placing and compacting and curing.

• The cost of the concrete is made up of the cost of materials, plant and 
labour.

• The variations in the cost of the materials arise from the fact that the
cement is several times costly than the aggregates, thus the aim is
produce as lean a mix as possible.

• From technical point of view the rich mixes may lead to high
shrinkage and cracking in structural concrete and to evolution of
high heat of hydration in mass concrete which may cause cracking.

• The actual cost of concrete is related to the cost of the materials required
for producing a minimum mean strength called characteristic strength
that is specified by the designer of the structure.

• This depends up on the quality control measurements, but therefore is no
doubt that quality control adds to the cost of concrete.



• The extent of quality control is often an economic compromise and
depends on the size and type of job.

• The cost of labour depends on the workability of mix.

Ex: A concrete mix of inadequate workability may result in a high cost of
labour to obtain a degree of compaction with available equipment.



REQUIRMENTS OF CONCRETE MIX DESIGN

The requirements which form the basis of selection and proportioning
of mix ingredients are

• The minimum compressive strength required from structural
consideration.

• The adequate workability necessary for full compaction with the
compacting equipment available.

• Maximum w/c ratio and/or maximum cement content to give adequate
durability for the particular site conditions.

• Maximum cement content to avoid shrinkage cracking due to temperature
cycle in mass concrete.



TYPES OF MIXES
Nominal mixes: In the past the specifications for concrete prescribed the 
proportions of cement, fine and coarse aggregates.

• The mixes of fixed cement-aggregate ratio which ensures adequate 
strength are termed as nominal mixes.

• These offers simplicity and under normal circumstances have a margin of
strength above the specified.

• Variability of mix ingredients the nominal concrete for a given workability
varies widely in strength.

Standard Mixes: The nominal mixes of fixed cement-aggregate ratio (by
volume) vary widely in strength and results in under (or) over-rich mixes.

• For this reason, the minimum compressive strength has been included in
many specifications.

• These mixes are termed as standard mixes.



• IS 456-2000 has designed the concrete mixes into a no of grades as
M10,M15,M20,M25,M30,M35 and M35.

• In this designation the letter M refers to the mix and the number to the
specified 28 cube strength of mix in N/mm2.

• The mixes of grades M10,M15,M20 and M25 corresponding mix
proportions.

M10:1:3:6

M15:1:2:4

M20:1:1.5:3

M25:1:1:2



FACTORS AFFECTING THE CHOICE OF MIX PROPORTIONS

COMPRESSIVE STRENGTH: It is one of the most important properties of
concrete and influences many other describable properties of the hardened
concrete.

• The mean compressive strength required at a specific age, usually 28
days, determines the nominal w/c ratio of the mix.

• The other factors affecting the strength of concrete at a given age and
cured at a prescribed temperature is the degree of compaction.

• According to the Abraham’s law the strength of fully compacted
concrete is inversely proportional to the w/c ratio.

Workability: The degree of workability required depends on three factors

• The size of the section to be concreted

• The amount of Reinforcement

• The method of compaction to be used.



• For the narrow and complicated section with numerous corners (or)
inaccessible parts, the concrete must have full workability so that fully
compaction can be achieved with a reasonable amount of effort.

• This is applies to the embedded steel sections

• The desired workability depends on the compacting equipment
available at site.

Durability: The durability of concrete is resistance to the aggressive
environmental conditions.

• High strength concrete is generally more durable than the low strength
concrete.

• In this situation when high strength is not necessary but the conditions
of exposure are such that high durability is vital, the durability
requirement will determine w/c ratio to be used.



Maximum size of the aggregate

• In general, larger the max size of aggregate, smaller is the cement
requirement for a particular w/c ratio.

• The workability of the concrete increases with increase in max size of
aggregate.

• However, the compressive strength tends to increase with the decrease in
the size of aggregates.

• IS 456:2000 and IS1343:1980 recommend that the nominal size of the
aggregate should be as large as possible.



UNIT-5

SPECIAL CONCRETES



NO-FINES CONCRETE
• No-fines concrete as the term implies is a kind of concrete from which

the fine aggregate fraction has been omitted.

• The concrete is made up of only coarse aggregate, cement and water.

• Very often only single size coarse aggregate of size passing through
20mm retained on 10mm is used.

• No-fines concrete is becoming popular because of some of the
advantages it possesses over the conventional concrete.

• The single sized aggregates make a good no-fines concrete, which in
addition to having large voids and hence light in weight, also offers
architecturally attractive look.



IMPORTANT NOTES ON NO-FINES CONCRETE

• The aggregates to cement ratio of no fines concrete generally vary
from 6:1 to 10:1.

• The water cement ratio is kept within the range of 0.38 to 0.52.

• Water cement ratio should be chosen very carefully considering the
cohesiveness of the mixture.

• Density of no fines concrete with normal aggregate vary from 1600 to
1900 kg/m3.

• When light weight aggregates are used density can be as low as 300
kg/m3.

• The compressive strength of no fines concrete varies between 4 MPa to
14 MPa



ADVANTAGES OF NO FINES CONCRETE

• No fines concrete exhibits less drying shrinkage as compared to ordinary
concrete

• Movement of water due to capillary action is negligible in this type of
concrete.

• Due to its light weight nature it is used in light weight concrete construction
work.

• Thermal insulating characteristic of no fines concrete is better than
conventional concrete. This is why it is used in the construction of external
wall.

• Production of this type of concrete results in saving of material
requirement.

• Due to absence of fine aggregate or sand, less amount of cement is
needed to produce 1 m3 of no fines concrete.

• The density of this type of concrete is about 25 to 30% less than the
conventional concrete. Therefore it exerts less pressure on formwork.



• Segregation property of this type of concrete is very low.

• Therefore it can be dropped from considerable height without the danger of
segregation.

• No special equipment is needed for compaction of this concrete.

• Full compaction can be achieved by simple rodding operation.

LIMITATIONS OF NO FINES CONCRETE

• Due to absence of fine aggregate, this type of concrete lacks
cohesiveness while in plastic state. Therefore it requires long time for formwork
removal.

• It is more permeable than conventional concrete. Therefore walls constructed
with no fines concrete needs an extra coat of mortar from durability point.

• Generally reinforcement is not recommended in this type of concrete.
However, if it is required to used reinforcement, then apply a thin layer of
cement paste on the reinforcement before using it.

• This will improve the bonding of steel with concrete and also resistance to
corrosion.



• There exist no standard test method (such as slump or compaction
factor) test to measure the consistency or workability of no fines
concrete.

• Only by proper visual inspection and trial & error method on can judge its
workability.

The uses of this type of concrete are as follow:

• Construction of external load bearing wall

• Construction of small retaining wall

• As damp proof material

• Construction of temporary structures



LIGHT WEIGHT CONCRETE
• Light weight concrete is a special concrete which weighs lighter than

conventional concrete.

• Density of this concrete is considerably low (300 kg/m3 to 1850 kg/m3 )
when compared to normal concrete (2200 kg/m3 to 2400 kg/m3 ).

• Three types of LWC

• Light weight aggregate concrete

• Aerated Concrete

• No-Fines Concrete

Light weight concrete-UK, France and USA

Aerated Concrete-Scandinavian Countries (Denmark, Norway Sweden)

No-fines Concrete is less popular



Advantages
• Reduces the dead load of the building.

• Easy to handle and hence reduces the cost of the transportation and
handling.

• Improves the workability

• Relatively low thermal conductivity.

• Comparatively more durable. But less resistant to abrasion.

• Has applications in pre-stressed concrete, high rise buildings and
shell roofs.

• Good resistance to freezing and thawing action when compared to
conventional concrete.

• Helps in disposal of industrial wastes like fly ash, clinker and slag etc.



Principle behind LWC

The basic principle behind the making of light weight concrete is by 
including air in concrete.

To achieve the above principle practically, there are 3 different ways

• By replacing the conventional mineral aggregate by cellular porous 
aggregates (Light weight aggregate).

• By incorporating the air or gas bubbles in concrete (Aerated 
concrete).

• By omitting sand from the concrete (No-fines concrete)



Light weight aggregate concrete
Basically two types of aggregates

• Natural aggregates

• Artificial aggregates

Important natural aggregates- Pumice and Scoria



• Artificial aggregates are usually produced by expanding the rocks such
as shale, slate, Perlite, vermiculite etc.



• Type of aggregates decides the density of concrete.

• Density of concrete as low as 300 kg/m3 can be achieved.

• Compressive strength varies from 0.3MPa to 40MPa.

Properties of light weight aggregates

• Pumice and Scoria are volcanic rocks having densities between (500 
kg/m3 to 900 kg/m3 ).

• Natural aggregates having good insulating properties but subjected to
high absorption and shrinkage.

• Among artificial aggregates perlite and vermiculite give lowest
possible dense concrete (perlite-30 kg/m3 to 240 kg/m3 ) and
(vermiculite- 60 kg/m3 to 130 kg/m3 ).

• Properties of artificial aggregates are less variable than natural
aggregates.



• Light weight aggregates have a tendency to absorb more water than
natural aggregates.

• In case of RCC structures, increase the cover by 10mm extra, to avoid
corrosion steel.

• Light weight aggregates have harsh surface. Add pozzolanic materials
to improve workability.

Structural Light weight concrete

• Concrete which is light weight and has sufficient compressive strength.

• Generally normal fine aggregate and lighter coarse aggregates.

• Workability is less due to water absorption by the aggregates.

• Drying shrinkage is more and less thermal expansion than normal
concrete.

• Economical when compared to normal weight concrete.



Mix design of LWC

•Difficult to decide water- cement ratio, due to variable
water absorption by aggregates.

•Generally done by trail mixing.

•Pre-saturation of aggregates is done to avoid
excessive absorption of water by aggregates.

•Concrete with saturated aggregates will have higher
density, which is bad in freeing and thawing action.

• In rare cases aggregates are coated with bitumen to
overcome the water absorption problem.



FIBRE REINFORCED CONCRETE
• Concrete is one of the most versatile building material.

• Concrete is strong in compression yet weak under tension, brittle and 
limited ductility material.

• Therefore, a form of reinforcement is needed, steel bars reinforce
concrete against tension and locally.

• Cracks in reinforced concrete members extend freely until encountering
a rebar.

• The need of multidirectional and closely spaced reinforcement for
concrete arises.

• FRC is a concrete mix that contains short discrete fibres that are
uniformly distributed and randomly oriented.



• Concrete containing cement, water, aggregate and discontinuous,
uniformly distributed or discrete fibres is called fibre reinforced
concrete.

• It is a composite obtained by adding a single type or a blended fibres to
the conventional concrete mix.

• Fibres can be in the form of steel fibres, glass fibres, natural fibres,
synthetic fibres.

Why fibres are used?

• Main role of fibres is to bridge the cracks that develop in concrete and
increase the ductility of concrete elements.

• There also reduce the permeability of concrete and thus reduce
bleeding of water.

• Some fibres produce greater abrasion resistance in concrete.

• Imparts more resistance to impact loading.



Toughening mechanism 

• Toughness is ability of a material to absorb energy and plastically
deform without fracturing.

• It can also be defined as resistance to fracture of a material when
stressed.





Steel fibres
• Aspect ratio of 30 to 250.

• Diameters vary from 0.25mm to 0.75mm.

• High structural strength

• Reduced crack widths and control the crack widths tightly, thus improving
durability.

• Improve abrasion and impact resistance.

• Used in precast and structural applications, highway and airport pavement
and canal linings, industrial flooring and bridge decks etc.

Glass Fibres

• High tensile strength 1020 to 4080 MPa

• General fibres of length 25mm are used.

• Improvement in impact strength.

• Increased flexural strength, ductility and resistance to thermal shock.

• Used in swimming pools, roofs and sewer lining.



Synthetic Fibres
• Man made fibres from petrochemical and textile chemicals.

• Cheap and abundantly available.

• High chemical resistance

• High melting point

• Low modulus of elasticity

• Its types are acrylic, aramid, carbon, nylon, polyester, polyethylene,
polypropylene etc.

• Applications of cladding panels and shotcrete.

Natural Fibres

• Obtained at low cost and low level of energy using local power and 
technology.

• Jute, coir and bamboo are examples.

• They may undergo organic decay.

• Low modulus of elasticity, high impact strength.



Factors affecting the properties of FRC

• Volume of fibres

• Aspect ratio of fibres

• Orientation of fibres

• Relative fibre matrix stiffness



ADVANTAGES
• Very High compression strength

• High Tensile Strength

• High Elasticity Modulus

• Ductile Behaviour

• High Durability



Applications
• Runway, Aircraft Parking and Pavements

• Tunnel lining and Slope Stabilization

• Dams and Hydraulic Structures

• Thin Shell, walls, pipes and Manholes

• Precast concrete products



SELF COMPACTING CONCRETE
• Self compacting concrete is an innovative concrete that does not require

vibration for placing and compacting.

• Self compacting concrete is a concrete that can be compacted into
every corner of a formwork purely by means of its own weight, without
using external vibrators.

• It is highly engineered concrete with much higher fluidity.

Development of SCC

• In 1983,there occurred a great problem while studying the durability of
concrete structures in Japan.

• The problem is that to made a durable concrete an adequate
compaction is necessary by skilled labour.

• So as a solution for above problem “SCC” was created by okamura
in 1986.

• Hence okamura is known as the father of “SCC” technology.



Materials Required
• Cement

• Fine Aggregate

• Coarse Aggregate

• Water

• Chemical Admixtures such as super plasticizers, Viscosity modifying
agents (VMA), Air entraining agents (AEA).

• Mineral admixtures such as Fly ash, GGBS and Silica Fume.

Comparison of Ordinary and SCC

Water:20%                                      Admixture:0.01%

Coarse Aggregate:28%

Fine Aggregate:34%

Fines: 18%



Properties of SCC
• In fresh state, SCC have following properties

Filling ability: flows easily at a certain speed into form work

Passing ability: Passes through reinforcement without blocking

Segregation Resistance: The distribution of aggregate particles remains
homogenous in vertical and horizontal direction.

Advantages of SCC

• Reduction in site manpower

• Problems caused by vibrators are reduced

• Easy to place

• Fast in construction

• Better surface finish

• Improves durability due to better compaction and homogeneity of 
concrete.



SLUMP FLOW TEST
• The test is done to know the horizontal flow of concrete in the absence of

the obstructions.

• It gives the assessment of filling ability.

• This test can be done in the field itself

Procedure:

• A normal slump cone and a flat square plate is taken. Some concentric
circles are drawn on the square plate.

• A firm circle of 500mm diameter is drawn.

• The slump cone is filled with about 6 litres of concrete and is raised
vertically and allow the concrete to flow free in horizontal direction.

• Measure the final diameter of concrete in 2 perpendicular directions
and note the average of two diameters.



Acceptability:

• The higher the flow rate, the greater ability to fill form work

• A value of at least 650mm is required for SCC.



T50 SLUMP FLOW TEST
• The procedure for this test is as same as for slump test.

• When the slump cone is lifted, start the stop watch and find the time taken
for concrete to reach 500mm mark.

• This time is called as T50 time.

• A lower time indicates greater flow ability.

• It is suggested that T50 time may be 2 to 5 seconds.



J RING TEST

• It denotes the passing ability of the concrete.

• The equipment consists of a rectangular section and a ring of
reinforced bars with holes.

PROCEDURE:

• A Slump cone is taken and filled with 6 litres of concrete.

• Raise the cone vertically and allow the concrete to flow through J
Ring.

• Measure the final diameter in 2 perpendicular directions and take the
average value.

• Also measure the difference in height between the concrete just
inside and outside J-Ring bars.

• Calculate the average height in 4 different directions.



Acceptability

• The acceptable difference in height between inside and outside should 
be 0 to 10 mm.



V-Funnel Test and V-Funnel at T5 Minutes

• V-Funnel test is used to find filling ability of aggregates of maximum size
20mm and V-Funnel at T5 Minutes is used to find the segregation
resistance.

• The equipment consists of V-Shaped funnel.

Procedure for V-Funnel test

• The door opened below the V-Funnel is closed and about 12 litres of
concrete poured inside.

• Open the door with in 10 seconds and record the time taken to flow the
concrete.

• The whole test is performed within 5 minutes.

Procedure for V-Funnel at T5 Minutes

• Do not clean or moisten the inside surface of the funnel.

• Close the tap door and refill the V-Funnel.



• Now open the tap door after 5 minutes and allow the concrete to flow
down.

• Calculate the time taken to fall of concrete.

• It is called the flow time at T5 minutes.

Acceptability:

• For V-Funnel test the flow time should be between 8 to 12 minutes.

• For V-Funnel at T5 minutes, +3 sec allowed i.e., 11 to 15 minutes.



L-BOX TEST
• The test is used in to know the passing ability of concrete.

PROCEDURE:

• About 14 litres of concrete is taken and fill the vertical section of L-
BOX.

• Lift the gate and allow the concrete to flow out into the horizontal
section.

• Start the stop watch and note down the time taken to reach 200 and 400
mm marks.

• When the concrete stop flowing the heights H1 and H2 are measured.

• Calculate blocking ratio H2/H1.

• The test is performed within 5 minutes.



Acceptability
• If the concrete flows like water then H2/H1 = 1

• The maximum acceptable value is 0.8.



Disadvantages of SCC
• Higher paste volume results in greater shrinkage and creep.

• The mix design procedure adopted is too complicated for practical
implementation.

• It requires more trail batches.

• Costlier than conventional concrete based on materials.

Conclusion

• Self compacting concrete can save time, cost and enhance durability.

• SCC can be effectively transferred in congested reinforced areas
such as columns and drilled shafts.



POLYMER CONCRETE
• Polymer concrete is a versatile, durable composite material produced by

mixing a variety of mineral fillers with a synthetic or natural resin
binding agent.

• It is also known as Resin concrete.

• Polymer concrete is a mixture of aggregates with a polymer as a sole
binder.

• To minimise the amount of expensive binder.

• It is very important to achieve the maximum possible dry packed
density to aggregate.

TYPES OF POLYMER CONCRETE

• Latex modified concrete (LMC): It is also known as polymer Portland
cement concrete. Conventional concrete made by replacing part of mixing
water with a latex.



Polymer impregnated concrete (PIC): It is produced by impregnation or
infiltrating a hardened concrete with a monomer and subsequently
polymerizing the monomer in situ.

Polymer Concrete (PC): It formed by polymerizing a mixture of monomer
and aggregate.

Significance:

• Depending on the materials employed, PC can develop the compressive
strengths of the order 140 MPa within hours or even minutes.

• LMC possess excellent bonding ability to old concrete and high durability
to aggressive solutions.

• It has therefore been used mainly for industrial floors and
rehabilitation of deteriorated bridge decks.

• In the case of PIC, by effectively sealing the micro cracks and
capillary pores.



Material Features

• High resistance to chemical and biological attack.

• Light weight compared to cement concrete products.

• Excellent noise and vibration absorbing

• Good weathering and UV resistance

• Zero water resistance

• Can be cut with masonry drills and grinders

• Can be recycled as rubble or crushed for use of road foundation

• Approximately 4 times the flexural strength of cement concrete

• Good thermal properties and stability

• Ultra smooth finish which encourages efficient hydraulic flow



APPLICATIONS
• Used for pump bases, flooring blocks, chemical containment, trench

drains.

• Solid surface counter tops for modern kitchens and baths.

• With its decorative finishes and excellent resistance, polymer concrete is
ideal for many ornamental applications including park benches,
outdoor furniture and waste containers.

• Commonly used in areas subjected to heavy wear and high loading
such as car parks, road ways and industrial areas.


