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Concrete -Deﬁnition, Components, Grades,
Manufacture, Construction

Category: Concrete Technology
Concrete is a construction material composed of
cement, ﬁne aggregates (sand) and coarse aggregates
mixed with water which hardens with time. Portland
cement is the commonly used type of cement for
production of concrete. Concrete technology deals with
study of properties of concrete and its practical
applications.
In a building construction, concrete is used for the
construction of foundations, columns, beams, slabs and
other load bearing elements.
There are different types of binding material is used other
than cement such as lime for lime concrete and bitumen
for asphalt concrete which is used for road construction.
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Various types of cements are used for concrete works
which have different properties and applications. Some
of the type of cement are Portland Pozzolana Cement
(PPC), rapid hardening cement, Sulphate resistant
cement etc.
Materials are mixed in speciﬁc proportions to obtain the
required strength. Strength of mix is speciﬁed as M5,
M10, M15, M20, M25, M30 etc, where M signiﬁes Mix and
5, 10, 15 etc. as their strength in kN/m2. In United States,
concrete strength is speciﬁed in PSI which is Pounds per
Square Inch.
Water cement ratio plays an important role which
inﬂuences various properties such as workability,
strength and durability. Adequate water cement ratio is
required for production of workable concrete.
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When water is mixed with materials, cement reacts with
water and hydration reaction starts. This reaction helps
ingredients to form a hard matrix that binds the materials
together into a durable stone-like material.
Concrete can be casted in any shape. Since it is a plastic
material in fresh state, various shapes and sizes of forms
or formworks are used to provide different shapes such
as rectangular, circular etc.
Various structural members such as beams, slabs,
footings, columns, lintels etc. are constructed with
concrete.
ACI 318 Building code requirements for structural
concrete and ACI 301 Speciﬁcations for Structural
Concrete are used in United States as standard code of
practice for concrete construction.
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There are different types of admixtures which are used to
provide certain properties. Admixtures or additives such
as pozzolans or superplasticizers are included in the
mixture to improve the physical properties of the wet mix
or the ﬁnished material.
Various types of concrete are manufactured these days
for construction of buildings and structures. These have
special properties and features which improve quality of
construction as per requirement.

Components of Concrete
Components of concrete are cement, sand, aggregates
and water. Mixture of Portland cement and water is
called as paste. So, concrete can be called as a mixture
of paste, sand and aggregates. Sometimes rocks are
used instead of aggregates.

Page 6

The cement paste coats the surface of the ﬁne and
coarse aggregates when mixed thoroughly and binds
them. Soon after mixing the components, hydration
reaction starts which provides strength and a rock solid
concrete is obtained.

What is Grade of Concrete?
Grade of concrete denotes its strength required for
construction. For example, M30 grade signiﬁes that
compressive strength required for construction is
30MPa. The ﬁrst letter in grade “M” is the mix and 30 is
the required strength in MPa.

Page 7

Based on various lab tests, grade of concrete is
presented in Mix Proportions. For example, for M30
grade, the mix proportion can be 1:1:2, where 1 is the
ratio of cement, 1 is the ratio of sand and 2 is the ratio of
coarse aggregate based on volume or weight of
materials.
The strength is measured with concrete cube or cylinders
by civil engineers at construction site. Cube or cylinders
are made during casting of structural member and after
hardening it is cured for 28 days. Then compressive
strength test is conducted to ﬁnd the strength.
Regular grades of concrete are M15, M20, M25 etc. For
plain cement concrete works, generally M15 is used. For
reinforced concrete construction minimum M20 grade of
concrete are used.
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Concrete Grade Mix Ratio

Compressive Strength
MPa (N/mm2) psi

Normal Grade of Concrete
M5

1 : 5 : 10

5 MPa

725 psi

M7.5

1:4:8

7.5 MPa

1087 psi

M10

1:3:6

10 MPa

1450 psi

M15

1:2:4

15 MPa

2175 psi

M20

1 : 1.5 : 3

20 MPa

2900 psi

Standard Grade of Concrete
M25

1:1:2

25 MPa

3625 psi

M30

Design Mix 30 MPa

4350 psi
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M35

Design Mix

35 MPa

5075 psi

M40

Design Mix

40 MPa

5800 psi

M45

Design Mix

45 MPa

6525 psi

High Strength Concrete Grades
M50

Design Mix

50 MPa

7250 psi

M55

Design Mix

55 MPa

7975 psi

M60

Design Mix

60 MPa

8700 psi

M65

Design Mix

65 MPa

9425 psi

M70

Design Mix

70 MPa

10150 psi
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How to Make Concrete?
Concrete is manufactured or mixed in proportions w.r.t.
cement quantity. There are two types of concrete mixes,
i.e. nominal mix and design mix. Nominal mix is used for
normal construction works such as small residential
buildings. Most popular nominal mix are in the proportion
of 1:2:4.
Design mixed concrete are those for which mix
proportions are ﬁnalized based on various lab tests on
cylinder or cube for its compressive strength. This
process is also called as mix design. These tests are
conducted to ﬁnd suitable mix based on locally available
material to obtain strength required as per structural
design. A design mixed offers economy on use of
ingredients.
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Once suitable mix proportions are known, then its
ingredients are mixed in the ratio as selected. Two
methods are used for mixing, i.e. Hand Mixing or
Machine Mixing.
Based on quantity and quality required, the suitable
method of mixing is selected. In the hand mixing, each
ingredients are placed on a ﬂat surface and water is
added and mixed with hand tools. In machine mixing,
different types of machines are used. In this case, the
ingredients are added in required quantity to mix and
produce fresh concrete.
Once the it is mixed adequately it is transported to
casting location and poured in formworks. Various types
of formworks are available which as selected based on
usage.
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Poured concrete is allowed to set in formworks for
speciﬁed time based on type of structural member to
gain suﬃcient strength.
After removal of formwork, curing is done by various
methods to make up the moisture loss due to
evaporation. Hydration reaction requires moisture
which is responsible for setting and strength gain. So,
curing is generally continued for minimum 7 days after
removal of formwork.
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Types of Concrete Construc on
Concrete is generally used in two types of construction,
i.e. plain concrete construction and reinforced concrete
construction. In PCC, it is poured and casted without use
of any reinforcement. This is used when the structural
member is subjected only to the compressive forces and
not bending.
When a structural member is subjected to bending,
reinforcements are required to withstand tension forces
structural member as it is very weak in tension compared
to compression. Generally, strength of concrete in
tension is only 10% of its strength in compression.
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It is used as a construction material for almost all types
of structures such as residential concrete buildings,
industrial structures, dams, roads, tunnels, multi storey
buildings, skyscrapers, bridges, sidewalks and
superhighways etc.
Example of famous and large structures made with
concrete are Hoover Dam, Panama Canal and Roman
Pantheon. It is the largest human made building
materials used for construction.
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Steps of Concrete Construc on
The construction steps are:
1. Selecting quantities of materials for selected mix
proportion
2. Mixing
3. Checking of workability
4. Transportation
5. Pouring in formwork for casting
6. Vibrating for proper compaction
7. Removal of formwork after suitable time
8. Curing member with suitable methods and required time.
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23 Types of Concrete Used in Construction and their
Applications

23 Types of Concrete and Their
Applica ons
Different types of concrete are produced based on the
constituent material, mix design, the method of
construction, area of application, form of hydration
reaction. Details of these various types of concrete, their
properties and applications are discussed.
Different types of concrete are:
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1. Normal Strength Concrete
2. Plain or Ordinary Concrete
3. Reinforced Concrete
4. Prestressed Concrete
5. Precast Concrete
6. Light – Weight Concrete
7. High-Density Concrete
8. Air Entrained Concrete
9. Ready Mix Concrete
10. Polymer Concrete
1. Polymer concrete
2. Polymer cement concrete
3. Polymer impregnated concrete

Page 18

11. High-Strength Concrete
12. High-Performance Concrete
13. Self – Consolidated Concrete
14. Shotcrete Concrete
15. Pervious Concrete
16. Vacuum Concrete
17. Pumped Concrete
18. Stamped Concrete
19. Limecrete
20. Asphalt Concrete
21. Roller Compacted Concrete
22. Rapid Strength Concrete
23. Glass Concrete
Properties and uses of different types of concrete
mentioned above are explained brieﬂy:
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1. Normal Strength Concrete
The concrete that is obtained by mixing the basic
ingredients cement, water and aggregate will give us
normal strength concrete. The strength of these type of
concrete will vary from 10 MPa to 40MPa. The normal
strength concrete has an initial setting time of 30 to 90
minutes that is dependent on the cement properties and
the weather conditions of the construction site.

2. Plain Concrete
The plain concrete will have no reinforcement in it. The
main constituents are the cement, aggregates, and water.
Most commonly used mix design is 1:2:4 which is the
normal mix design.
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The density of the plain concrete will vary between 2200
and 2500 Kg/meter cube. The compressive strength is
200 to 500 kg/cm2.
These types of concrete are mainly used in the
construction of the pavements and the buildings,
especially in areas where there is less demand of high
tensile strength. The durability given by these type of
concrete is satisfactory to high extent.

3. Reinforced Concrete
The reinforced cement concrete is deﬁned as the
concrete to which reinforcement is introduced to bear the
tensile strength. Plain concrete is weak in tension and
good in compression.
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Hence the placement of reinforcement will take up the
responsibility of bearing the tensile stresses. R.C.C works
with the combined action of the plain concrete and the
reinforcement.
The steel reinforcement used in the concrete can be in
the form of rods, bars or in the form of meshes. Now
ﬁbers are also developed as reinforcement.
Reinforced Concrete
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Fiber reinforced concrete are concrete that use ﬁbers
(steel ﬁbers) as reinforcement for the concrete. Use of
meshes in concrete will give ferrocement.
Whatever be the type of reinforcement used in concrete,
it is very necessary to ensure proper bond between the
concrete and the reinforcement. This bond will control
the strength and the durability factors of the concrete.
Also Read: Why Select Reinforced Concrete as
Construction Material for a Structure?

4. Prestressed Concrete
Most of the mega concrete projects are carried out
through prestressed concrete units. This is a special
technique in which the bars or the tendons used in the
concrete is stressed before the actual service load
application.
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During the mixing and the placing of the concrete, these
tensioned bars placed ﬁrmly and held from each end of
the structural unit. Once the concrete sets and harden,
the structural unit will be put in compression.
This phenomenon of prestressing will make the lower
section of the concrete member to be stronger against
the tension.
Prestressed Concrete
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The process of prestressing will require heavy equipment
and labor skill (jacks and equipment for tensioning).
Hence the prestressing units are made at site and
assembled at site. These are used in the application of
bridges, heavy loaded structures, and roof with longer
spans.
Also Read: Prestressed Concrete Principles, Need and
Advantages

5. Precast Concrete
Various structural elements can be made and cast in the
factory as per the speciﬁcations and bought to the site at
the time of assembly. Such concrete units are called as
the precast concrete.
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The examples of precast concrete units are concrete
blocks, the staircase units, precast walls and poles,
concrete lintels and many other elements. These units
have the advantage of acquiring speedy construction as
only assemblage is necessary. As the manufacturing is
done at site, quality is assured. The only precaution taken
is for their transportation.
Also Read: Precast Concrete Construction – Process &
Advantages
Precast Concrete
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6. Lightweight Concrete
Concrete that have a density lesser than 1920kg/m3 will
be categorized as lightweight concrete. The use of
lightweight aggregates in concrete design will give us
lightweight aggregates.
Aggregates are the important element that contributes to
the density of the concrete. The examples of light weight
aggregates are the pumice, perlites, and scoria.
The light weight concrete is applied for the protection of
the steel structures and are also used for the
construction of the long span bridge decks. These are
also used for the construction of the building blocks.
Also Read: Lightweight Concrete -Types, Classiﬁcation,
Uses and Advantages
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Lightweight Concrete

7. High-Density Concrete
The concretes that have densities ranging between 3000
to 4000 kg/m3 can be called as the heavyweight
concrete. Here heavy weight aggregates are used.
The crushed rocks are used as the coarse aggregates.
The most commonly used heavy weight aggregates is
Barytes.
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These types of aggregates are most commonly used in
the construction of atomic power plants and for similar
projects. The heavy weight aggregate will help the
structure to resist all possible type of radiations.
Also Read: Applications of High Density Radiation
Shielding Concrete in Construction

8. Air Entrained Concrete
These are concrete types into which air is intentionally
entrained for an amount of 3 to 6% of the concrete. The
air entrainment in the concrete is achieved by the
addition of foams or gas – foaming agents. Some
examples of air entraining agents are resins, alcohols,
and fatty acids.
Read More: Effect of Air Entrained Concrete on Strength of
Concrete
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9. Ready Mix Concrete
The concrete that mix and bathed in a central mixing
plant is called as ready-mix concrete. The mixed concrete
is brought to the site with the help of a truck-mounted
transit mixer. This once reached in the site can be used
directly without any further treatment.
The ready-mix concrete is very precise and specialty
concrete can be developed based on the speciﬁcation
with utmost quality.
The manufacture of these concrete will require a
centralized mixing plant. These plants will be located at
an adjustable distance from the construction site. If the
transportation is too long then it will result in setting of
concrete. Such issues of time delay are cope up with the
use retarding agents that delays the setting.
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Read More: Ready Mix Concrete Batching, Mixing,
Transporting, and Handling
Ready Mix Concrete

10. Polymer Concrete
When compared with the conventional concrete, in
polymer concrete the aggregates will be bound with the
polymer instead of cement. The production of polymer
concrete will help in the reduction of volume of voids in
the aggregate. This will hence reduce the amount of
polymer that is necessary to bind the aggregates used.
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Hence the aggregates are graded and mixed accordingly
to achieve minimum voids hence maximum density.
This type of concrete has different categories:
Polymer Impregnated Concrete
Polymer cement concrete
Partially Impregnated
Also Read: Polymer Impregnated Concrete -Applications and
Properties of Polymers in Concrete

11. High-Strength Concrete
The concretes that have strength greater than 40MPa
can be termed as high strength concrete. This increased
strength is achieved by decreasing the water-cement
ratio even lower than 0.35.
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Read: Normal Concrete vs. High-Strength Concrete
Properties and Difference
The calcium hydroxide crystals that are the major
concern product during hydration for the strength
properties is reduced by the incorporation of silica fume.
In terms of performance, the high strength concrete
ought to be less performing in terms of workability which
is an issue.

12. High-Performance Concrete
These concretes conform to a particular standard but in
no case, will be limited to strength. It has to be noted that
all the high strength concrete can be high-performance
type. But not all high-performance concrete (HPC) are
high strength concrete.
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Standards that conform to the high-performance
concrete are enlisted below:
Strength gain in early age
Easy placement of the concrete
Permeability and density factors
Heat of hydration
Long life and durability
Toughness and life term mechanical properties
Environmental concerns
Also Read: High Strength and High-Performance
Concrete Materials and Difference

13. Self – Consolidated Concrete
The concrete mix when placed will compact by its own
weight is regarded as self-consolidated concrete. No
vibration must be provided for the same separately.
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This mix has a higher workability. The slump value will be
between 650 and 750.
This concrete due to its higher workability is also called
as ﬂowing concrete. The areas where there is thick
reinforcement, self – consolidating concrete works best.

14. Shotcrete Concrete
Here the concrete type differs in the way it is applied on
the area to be cast. The concrete is shot into the frame or
the prepared structural formwork with the help of a
nozzle. As the shooting is carried out in a higher air
pressure, the placing and the compaction process will be
occurring at the same time.
Also Read: What is Guniting? Procedure, Applications and
Advantages of Guniting
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15. Pervious Concrete
Pervious or permeable concrete are concrete that are
designed such a way that it allows the water to pass
through it. These types of concrete will have 15 to 20%
voids of the volume of the concrete when they are
designed.
The pervious concrete is created by unique mixing
process, performance, application methods etc. These
are used in the construction of pavements and driveways
where storm water issues persist. The storm water will
pass through these pervious concrete pavements and
reach the groundwater. Hence most of the drainage
issues is solved.

Page 36

16. Vacuum Concrete
Concrete with water content more than required quantity
is poured into the formwork. The excess water is then
removed out with the help of a vacuum pump without
waiting for the concrete to undergo setting.
Hence the concrete structure or the platform will be
ready to use earlier when compared with normal
construction technique.
These concretes will attain their 28 days compressive
strength within a period of 10 days and the crushing
strength of these structure is 25 % greater compared with
the conventional concrete types.
Also Read: Vacuum Concrete: Techniques, Equipments
and Advantages

Page 37

17. Pumped Concrete
One of the main property of the concrete used in large
mega construction especially for the high-rise
construction is the conveyance of the concrete to
heights. Hence one such property of concrete to easily
pump will result in the design of pumpable concrete.
The concrete that is used for pumping must be of
adequate workability so that it is easily conveyed through
the pipe. The pipe used will be rigid or a ﬂexible hose that
will discharge the concrete to the desired area.
The concrete used must be ﬂuid in nature with enough
ﬁne material as well as water to ﬁll up the voids. The
more the ﬁner material used, greater will be control
achieved on the mix. The grading of the coarse aggregate
used must be continuous in nature.
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Also Read: What is Pumped Concrete? Types of Concrete
Pumps and Selection

18. Stamped Concrete
Stamped concrete is an architectural concrete where
realistic patterns similar to natural stones, granites, and
tiles can be obtained by placing impression of
professional stamping pads. These stamping is carried
out on the concrete when it is in its plastic condition.
Different coloring stains and texture work will ﬁnally give
a ﬁnish that is very similar to costlier natural stones. A
high aesthetic look can be obtained from a stamped
ﬁnish economically. This is used in the construction of
driveways, interior ﬂoors, and patios.
Also Read: What is Stamped Concrete? Features,
Methods and Procedures of Stamping Concrete
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Stamped Concrete

19. Limecrete
This is a concrete type in which the cement is replaced
by lime. The main application of this product is in ﬂoors,
domes as well as vaults. These unlike cements have
many environmental and health beneﬁts. These products
are renewable and easily cleaned.

20. Asphalt Concrete

Page 40

Asphalt concrete is a composite material, mixture of
aggregates and asphalts commonly used to surface
roads, parking lots, airports, as well as the core of
embankment dams. Asphalt concrete is also called as
asphalt, blacktop or pavement in North America, and
tarmac or bitumen macadam or rolled asphalt in the
United Kingdom and the Republic of Ireland.

21. Roller Compacted Concrete
These are concrete that is placed and compacted with
the help of earth moving equipment like heavy rollers.
This concrete is mainly employed in excavation and ﬁlling
needs.
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These concretes have cement content in lesser amount
and ﬁlled for the area necessary. After compaction, these
concretes provide high density and ﬁnally cures into a
strong monolithic block.

22.Rapid Strength Concrete
As the name implies these concretes will acquire
strength with few hours after its manufacture. Hence the
formwork removal is made easy and hence the building
construction is covered fastly. These have a wide spread
application in the road repairs as they can be reused after
few hours.

23. Glass Concrete
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The recycled glass can be used as aggregates in
concrete. Thus, we get a concrete of modern times, the
glass concrete. This concrete will increase the aesthetic
appeal of the concrete. They also provide long-term
strength and better thermal insulation also.
Read More: Concrete – Deﬁnition, Grades, Components,
Manufacture, Construction and Articles
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