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Admixtures

Admixtures are materials added to concrete other than cement, water, and aggregates to modify
its properties during or after mixing. They are used to improve workability, durability, setting
time, strength, resistance to chemicals, and many other characteristics. Admixtures play a
crucial role in modern concrete technology, especially when designing high-performance or
special-purpose concrete.

Admixtures are broadly classified into two main types: Chemical Admixtures and Mineral
Admixtures, each serving specific purposes and enhancing different properties of concrete.

1. Chemical Admixtures

Chemical admixtures are liquid or powder-based compounds added in small quantities (usually
less than 5% by weight of cement) to modify the behavior of fresh or hardened concrete. They
are mixed during batching or mixing to achieve desired performance without changing the
basic mix design.

Common Types of Chemical Admixtures:

a) Water Reducers (Plasticizers):
These admixtures improve workability without increasing the water content. They
reduce the water-cement ratio, resulting in higher strength and durability.

b) Superplasticizers (High-Range Water Reducers):

Used to produce flowing concrete or very high-strength concrete with significantly
reduced water content. They are ideal for precast elements, pumped concrete, or high-
rise construction.



¢) Retarders:
Retarding admixtures delay the setting time of concrete, useful in hot weather or for
large pours where more time is needed for placement and finishing.

d) Accelerators:
These admixtures increase the rate of strength gain by accelerating the hydration of
cement. Commonly used in cold weather concreting or for early formwork removal.

e) Air-Entraining Agents:
They create small, stable air bubbles in concrete to improve resistance to freeze-thaw
cycles and enhance durability in harsh weather conditions.

f) Shrinkage Reducing Admixtures (SRA):
Added to reduce drying shrinkage and control cracking, especially in thin sections or
restrained elements.

g) Corrosion Inhibitors:
These are used to protect reinforcement steel from corrosion in aggressive
environments such as marine structures or bridge decks.

2. Mineral Admixtures

Mineral admixtures are finely ground inorganic materials added in relatively large amounts
(often up to 50% replacement of cement) to improve the properties of both fresh and hardened
concrete. They may be natural pozzolans or industrial by-products, and they typically enhance
strength, durability, and long-term performance.

Common Types of Mineral Admixtures:

a) Fly Ash:

A by-product of coal combustion in thermal power plants. It improves workability,
reduces heat of hydration, enhances durability, and contributes to long-term strength
gain. It is classified as Class F (low calcium) and Class C (high calcium).

b) Silica Fume (Micro Silica):

An ultra-fine by-product of silicon or ferrosilicon alloy production. It significantly
increases strength, reduces permeability, and improves resistance to chemical attack.
Common in high-performance and high-strength concrete.

¢) Ground Granulated Blast Furnace Slag (GGBS):

A by-product of the steel industry. GGBS increases durability, reduces heat of
hydration, and improves sulfate and chloride resistance, making it ideal for marine
and sewage structures.

d) Metakaolin:
A highly reactive calcined clay, used to enhance strength and chemical resistance,
especially in architectural concrete and precast applications.



e) Rice Husk Ash:
A pozzolanic material obtained from rice milling. It is economical and improves
impermeability and resistance to alkali-silica reaction.

The use of admixtures allows engineers to tailor concrete properties to suit specific construction
requirements and environmental conditions. Chemical admixtures mainly improve fresh
concrete behavior, while mineral admixtures enhance long-term performance and durability.
By carefully selecting and combining different admixtures, it is possible to achieve economical,
sustainable, and high-performance concrete for modern construction.
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Factors in the Choice of Mix Proportions

Designing the right mix proportion is essential for ensuring strength, workability,
durability, and economy. The mix must also be practical for placement and finishing under
site conditions.

a) Grade of Concrete

The grade defines the target compressive strength of concrete (e.g., M20 means 20 MPa at
28 days). Higher-grade concrete requires lower water-cement ratio (w/c) and better control
of materials and mixing. The grade influences all other proportioning decisions.

b) Workability Requirements

Workability depends on the type of structure and placing method. For example, pumped
concrete or heavily reinforced members need high workability (slump 100-150 mm), while
pavement concrete can have low workability. Admixtures like superplasticizers are used
when high workability is needed without increasing water content.

c) Durability and Exposure Conditions

Concrete exposed to harsh environments (e.g., marine, sewage, or industrial) needs higher
resistance to chloride, sulfate, and carbonation attack. IS 456:2000 provides exposure
classifications with guidelines for minimum cement content, maximum w/c ratio, and cover
requirements to ensure durability.

d) Aggregate Properties

Aggregate size, texture, and shape affect water demand, workability, and paste volume.
Rounded aggregates reduce water demand, while angular ones may increase it. Proper
grading ensures dense packing and reduces voids, improving strength and durability.

e) Cement Type and Admixtures

Use of blended cements (like PPC, PSC) or mineral admixtures (fly ash, GGBS) can
improve long-term durability and reduce permeability. Chemical admixtures (plasticizers,
retarders) modify fresh concrete behavior without affecting hardened properties significantly.



f) Economy

Mixes should achieve performance goals with minimum cost. Cement is expensive, so
efficient use of aggregates, optimized w/c ratio, and use of SCMs help reduce cost while
maintaining quality.
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Durability of Concrete

Durability means concrete’s ability to resist deterioration from environmental and chemical
influences throughout its service life.

Importance of Durability

Durable concrete protects both the structure and the embedded reinforcement, ensuring that the
concrete lasts for decades without major repair. Poor durability leads to cracking, corrosion,
and early failure, even if initial strength is adequate.

Factors Affecting Durability

e  Water-Cement Ratio: Lower w/c ratios (<0.45) reduce capillary pores and limit water/chemical
ingress.

e Permeability: Dense concrete prevents harmful agents (e.g., chlorides, CO:) from penetrating.
e Admixtures: SCMs like fly ash reduce permeability and improve sulfate/chloride resistance.

e Curing: Proper curing (7+ days for OPC) ensures complete hydration, improving
microstructure.

Exposure Classification (IS 456)

IS 456:2000 divides exposure into five classes (mild to extreme). Each class prescribes
minimum cement content, maximum w/c ratio, and minimum cover to reinforcement, which
must be followed to ensure durability in real-world conditions.

Structural Detailing and Cover

Adequate concrete cover prevents corrosion of steel in aggressive environments. Also, crack
control, joint detailing, and drainage provisions prevent moisture ingress, enhancing durability.
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Quality Control of Concrete

Quality Control (QC) ensures that the desired properties of concrete are achieved
consistently, from material selection to final hardening.

Stages of Quality Control

o Before Construction: Material testing (cement fineness, aggregate grading, water impurities)
and approval of mix design.

e During Production: Supervision during batching, mixing, transport, placing, and slump
testing.

e After Placement: Testing hardened concrete (compressive strength, surface quality, and
sometimes NDT).

Fresh Concrete Tests
Common tests include:

e  Slump test (workability),

e Air content (freeze-thaw durability),

e Temperature (to ensure proper curing and hydration conditions).
These helps confirm whether concrete is suitable for placement.

Hardened Concrete Tests

e Compressive strength test (cube or cylinder at 7 and 28 days),

e Flexural or split tensile tests where required,

e Core tests for in-situ strength if cube tests fail.
These results are crucial for acceptance or rejection of the concrete batch.
Documentation and Supervision

Good QC includes site logs, inspection reports, and test records. Supervisors must monitor
curing practices, formwork removal, and repairs.

Significance

Proper QC avoids structural failures, cost overruns, and rework. It ensures reliability,
particularly in large-scale or critical structures like bridges and dams.
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Statistical Methods in Concrete Quality Control

Statistical tools help engineers quantify variations in concrete strength and decide whether the
concrete batch is acceptable.

Need for Statistical Methods

Concrete production is influenced by many variables, like material inconsistencies or
batching errors. Statistical analysis helps monitor this variability, ensuring the product meets
strength and safety requirements.

Key Statistical Parameters
e Mean (Average) Strength (f): Central value of test results.

e Standard Deviation (c): Indicates how much results vary.
e Coefficient of Variation (CV): (c/f) x 100%, useful for comparing quality across mixes.

Characteristic Strength (fck)

Defined as the strength below which not more than 5% of test results are expected to fall. It
ensures structural reliability, even with minor variability.

Target Mean Strength

To ensure 95% confidence, a higher strength than fck is targeted:

f’ck = fck + 1.650
This accounts for expected variation and ensures most batches exceed the minimum strength.

Control Charts and Histograms

Used to monitor strength trends and detect abnormalities. If a batch shows unusually low
strength, corrective measures can be taken before major losses occur.
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Acceptance Criteria of Concrete

Acceptance criteria ensure that placed concrete complies with structural and durability
requirements.

a) Strength-Based Criteria

IS 456 requires:

e Average of 3 cubes > fck,



e No single cube should be less than fck — 4 MPa (for M15-M25),

e If one cube fails, retesting or core cutting may be required.

b) Workability and Appearance

e  Slump range should match that specified in the design.

e Visual inspection checks for segregation, bleeding, or honeycombing.

c) Other Checks

e Air content for freeze-thaw environments,

e Density for lightweight concrete,

e Temperature for hot/cold weather concreting.
d) Actions on Rejection
If criteria aren’t met, steps include:

e Rechecking equipment or procedures,

e Conducting core tests or load tests,

e Applying structural strengthening if needed.
e) Importance

Clearly defined acceptance criteria avoid ambiguity and disputes, maintain safety, and
ensure performance without overdesign.
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Proportioning of Concrete Mixes by Various Methods

Concrete proportioning involves selecting the right quantities of each component to achieve
performance, economy, and durability.

a) IS 10262 Method (India) (BIS Method)
Follows step-by-step process based on:

e Target strength (f’ck),

e Maximum w/c ratio, dictated by exposure,

o Aggregate type and grading,

e Includes trial mix and adjustments based on workability and slump.



b) ACI 211 Method (USA)

Similar to IS method but includes:
e  More detailed air-entrainment corrections,
e Special procedures for high-strength or lightweight concrete,
e Frequently used in international projects and precast plants.
¢) DOE Method (UK)
Graph-based approach considering:
e Strength vs w/c ratio curves,
e Aggregate packing and cement efficiency,
e Especially useful for mass concrete like dams.
d) Volumetric Method
Used in small-scale or rural works:
e Proportions like 1:2:4 by volume, not weight,

e Simple but less accurate, suitable only when strength control is not critical.

e) Selection Criteria

e Use IS 10262 for most Indian projects,
e Use DOE/ACI for special-purpose, high-tech applications,

e Ensure all mixes undergo trial testing for confirmation.
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Mix Design for M30 (BIS Method)

1. Target Strength For Mix Proportioning

Pk =fck +1.650

where
f’ck = Target average compressive strength at 28 days,
fek = Characteristics compressive strength at 28 days,

o = Standard deviation.

(Target mean/average strength of concrete is the desired or design average compressive
strength that is aimed for during concrete production.)

(Characteristic compressive strength, denoted as fck, is the strength of concrete below which
no more than 5% of the test results are expected to fall. It's a statistical value used in structural
design to ensure a certain level of safety and reliability. Essentially, it's a target strength that
concrete 1s expected to achieve, with a 95% probability of exceeding that value in tests)

(Standard deviation is added to the target mean compressive strength of concrete to account
for the natural variability in concrete batching, mixing, and testing. This ensures that the
designed concrete meets the required strength with a reasonable level of reliability, considering
potential variations in strength.)

From Table 2 of IS 10262:2019, Standard Deviation, ¢ = 5 N/mm? Therefore,

Target strength = 30 + 1.65 x 5 = 38.25 N/mm?.



Table 2 Assumed Standard Deviation
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2. Selection of Water-Cement Ratio

Water content based on the Figure 1 of IS 10262:2019 free water and Target mean strength the
free water-cement ratio required for the Target mean strength of 38.25 N/mm? is 0.42 for OPC
43 grade curve (Curve 2). (For PPC, the strength corresponding to OPC 43 grade curve is

assumed for the trial). This is lower than the maximum value of 0.45 prescribed for ‘Severe’
exposure for reinforced concrete as per Table 5 of IS 456: 2000.
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Figure 1: Free water cement ratio vs Target Mean strength



Table § Minimum Cement Content, Maximum Water-Cement Ratio and Minimum Grade of Concrete
for Different Exposures with Normal Weight Aggregates of 20 mm Nominal Maximum Size

(Clauses 6.1.2, 8.2.4.1 and9.1.2)

S Exposure Plain Concrete Reinforced Concrete
No. . s
Minimum Maximum Minimum Minimum Maximum Minimum
Cement Free Water- Grade of Cement Free Water- Grade of
Content Cement Ratio Concrete Content Cement Ratio Concrete
kg/m' kg/m'
1 2) (R 4) ) (6) ) (8)
1) Mild 220 0.60 - 300 0.55 M20
i) Moderate 240 0.60 M IS 300 0.50 M25
i) Severe 250 0.50 M 20 320 0.45 M 30
iv) Very severe 260 045 M 20 340 0.45 M 3§
v) Extreme %80 0.40 M 2§ 360 0.40 M 40
NOTES

1 Cement content prescribed in thig table is irmespective of the grades of cement and it is inclusive of additions mentioned in 5.2. The
additions such as fly ash or ground granulated blast furnace slag may be taken into account in the concrete composition with respect to
the cement content and water-cement ratio if the suitability is established and as long as the maximum amounts taken into account do
not exceed the limit of pozzolona and slag specified in IS 1489 (Part 1) and IS 455 respectively.

2 Minimum grade for plain concrete under mild exposure condition is not specified.

3. Selection of Water Content

From Table 4 of IS 10262:2019, maximum water content for 20 mm aggregate = 186 litre
(for 25 to 50 mm slump range)

Estimated water content for 75 mm slump (based on trials) = 186+ (3/100) X186 = 191.58
litre. (3 % of water needed add for every consecutive change in slump)

(Note: If Superplasticizer is used, the water content can be reduced up to 20% and
above.)

Based on trials with Superplasticizer, water content reduction of 20% has been achieved;
hence the arrived water content = 153 litre.



appmximalcl:v 10 kg for sub-angular aggregates, 15 k

for gravel with some crushed particles and 2()'kg f(%
rounded gravel 1o produce same workability, For th)

desired workability (other than 50 mm slump), the rcquirc(cj
water content may be increased or decreased by about 3
percent for each increase or decrease of 25 mm slump or
may be established by trial. This illustrates the need for
trial batch testing of the given materials as each aggregate
source is different and can influence concrete properties.
The water so calculated can be reduced by use of chemical
admixture conforming to IS 9103, Water reducing
admixture or super plasticizing admixtures usually
decrease water content by 5 to 10 percent and 20 to 30
percent and above respectively at appropriate dosages.

The requirement of water content and/or chemical
admixture content may increase with the addition of
high dosages of mineral admixture. The guidelines on

selecting appropriate water reducing admixture and its
dosages are given in Annex G.

Table 4 Water Content per Cubic Metre of
Concrete For Nominal Maximum Size of

Aggregate
(Clause 5.3)
SI Nominal Maximum Size of Water Content"
No. Aggregate kg
mm

() (2) (3)
1) 10 208
i) 20 186
i) 40 165

"Water content corresponding to saturated surface dry aggregalc.



IS 456 : 2000

7 WORKABILITY OF CONCRETE

7.1 The concrete mix proportions chosen should be  be compacted with the means available. Suggested
such that the concrete is of adequate workability for  ranges of workability of concrete measured in
the placing conditions of the concrete and can properly  accordance with IS 1199 are ziven below:

Plucing Conditions Degree of Slump
Workability (mm)
(¢} (2) 3)
Blinding concrete; Very low See 7.1.1

Shallow sections;
Pavements using pavers
Mass concrele; Low 25-75
Lightly reinforced
sections in slabs,

beams, walls, columns;
Floors;

Hand placed pavements;
Canal lining;

Strip footings

Heavily reinforced Medium 50-100
scctions in slabs,
beams, walls, columns; 75-100
Slipform work;
Pumped concrete

Trench fill; High 100-150
In-situ piling ~
Tremie concrete Very high See 7.1.2

NOTE—For most of the placing conditions, nternal vibrators (needle vibrators) are suitable. The diameter of the necdle shall be
determined based on the density and spacing of reinforcement bars and thickness of sections. For tremie concrete, vibrators are not
required to be used (see also 13.3)

4. Calculation of Cement Content
Adopted w/c Ratio = 0.42
Cement Content = 153/0.42 = 364.2 kg/m?

From Table 5 of IS 456:2000, Minimum cement content for ‘Severe’ exposure conditions
320 kg/m?

364.2 kg/m3 > 320 kg/m? hence ok.

5. Proportion of Volume of Coarse Aggregate and Fine Aggregate Content

From Table 5 of (IS 10262:2019), volume of coarse aggregate corresponding to 20 mm size
aggregate and fine aggregate (Zone II) for the water-cement ratio of 0.50 =0.62.



In the present case water-cement ratio is 0.42. Therefore, volume of coarse aggregate is
required to be increased to decrease the fine aggregate content. As the water-cement ratio is
lower by 0.08.

The proportion of volume of course, aggregate is increased by 0.016(at the rate of + 0.01 for
every = 0.05 change in water cement ratio).

Therefore, corrected proportion of volume of coarse aggregate for the water-cement ratio of
0.42=0.62 +0.016 = 0.636.

Volume of fine aggregate content = 1 — 0.636 = 0.364

1S 10262 : 2019

Aggregate for Different Zones of Fipe

' arse Avore ¢ Unit Volume of Total _
Table § Volume of Coarse Aggregate pe Mlaterials Ratio of 0.50

Aggregate for Water-Cement/Water-Cementitious

(Clause 5.3)
7 for Different Zones of Fj

§I Nominal Maximum Size  Volume of Coarse Aggregate per Unit Volume of Total Aggregate lor of Fine

\o, of Aggregate Aggregate
mm P —
e "
Zone [V Zone Il Zone Il Zone |

(h (2) 3 (4) (3) (6)

' 10 0.54 052 0.0 043 K
1) 20 0.66 .64 0.62 0.60
m) 40 0.73 0.7 0.71 0.69

NOTES

1 Volumes are based on aggregates in saturated surface dry condition.

2 Thes volumes are for crushed (angular) agaregate and suitable adjustments may be made for other shape of aggregate.

3 Suitable adjustments may also be made for fine aggregate from other than natural sources, normally, crushed sand or mixed sand may
need lesser fine aggregate content. In that case, the coarse aggregate volume shall be suitably increased,
4 It 1s recommended that fine aggregate conforming 10 Grading Zone IV, as per 18 383 shall not be used in reinforced concrete uniess tests
have been made to ascertain the suitability of proposed mix proportions.




5.5 Estimation of Coarse Aggregate Proportion

5.5.1 Aggregates of essentially the same nominal
maximum size, type and grading will produce concrete
of satisfactory workability when a given volume of
coarse aggregate per unit volume of total aggregate is
used. Approximate values for this aggregate volume
are given in Table 5 for a water-cement/water-
cementitious materials ratio of 0.5. which may be
suitably adjusted for other ratios. the proportion of
.volume of coarse aggregates to that of total aggregates
i1s increased at the rate of 0.01 for every decrease in
water-cement/cementitious materials ratio by 0.05 and

decreased at the rate 0f0.01 for every increase in water-
cement ratio by 0.05.
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6. Mix Calculations
The mix calculations per unit volume of concrete shall be as follows:

a) Volume of concrete = 1 m?
b) Volume of cement

(specific gravity of cement assumed = 3.1)

Mass of cement

- Specific gravity of cement x 1000

=364.2/ {3.1 x 1000}

=0.1175

¢) Volume of water



Mass of water

- Specific gravity of water x 1000

=153/ {1 X 1000}
=0.153 m’

d) Volume of chemical admixture (By marsh cone apparatus used 1% by the weight
cement)

(Specific gravity of superplasticizer assumed= 1.09)

Mass of chemical admixture

B Specific gravity of chemical admixture x 1000

=3.642/{1.09X1000} = 0.003412 litres/ m*

e) Volume of total aggregate = [a-(b+c+d)]

= [1-(0.1175 +0.153+0.003412)]
=0.7260 m®

f) Mass of coarse aggregate= e X Volume of Coarse Aggregate X Specific Gravity of
Coarse Aggregate X 1000

(Specific gravity of coarse aggregate assumed = 2.79)

=0.7260 X 0.636 X 2.79 X 1000
=1288.39 kg/m’

g) Mass of fine aggregate= e X Volume of Fine Aggregate X Specific Gravity of Fine
Aggregate X 1000

(Specific gravity of fine aggregate assumed = 2.62)

=0.7260 X 0.364 X 2.62 X 1000
= 692.37 kg/m°

7. Adjustment of water Fine Aggregate and Coarse Aggregate in Dry
Condition

i. Fine aggregate adjustment



__ Mass of fine aggregate in dry condition
- water absorption
100

1+

(Assume water absorption is 1 %)

=692.37/[1+ (1/100)]

=685.51

So extra water needed to add 692.37-685.51=6.86

Water adjustment due to Fine aggregate adjustment in dry condition = 6.86 kg

ii. Coarse aggregate adjustment

__ Mass of coarse aggregate in dry condition
- water absorption
1+ 100

(Assume water absorption is 0.5 %)

= 1288.39 /[1+ (0.5/100)]

=1281.98

So extra water needed to add 1288.39- 1281.98 = 6.41

Water adjustment due to Coarse aggregate adjustment in dry condition = 6.41 kg

Final volume water = 153+6.86+6.41=166.27 Itr

Cement F.A C.A
364.2 kg/rn3 692.37 kg/m3 1288.39 kg/m3
1 1.901 3.537
M20=1:1.5:3

M25=1:1:2
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1. Lightweight Concrete

Introduction:

Lightweight concrete is a type of concrete that has significantly lower density compared to
normal concrete, generally ranging from 300 to 1800 kg/m?, whereas traditional concrete is
around 2400 kg/m?. The main objective of using lightweight concrete is to reduce the dead load
of a structure without compromising much on its strength.

Materials Used:

The key to lightweight concrete lies in the use of lightweight aggregates like expanded clay,
shale, pumice, perlite, and vermiculite. Sometimes, air-entraining agents or foaming agents are
added to create air voids within the matrix, further reducing the weight.

Properties:

It has good thermal insulation, sound absorption, and is generally more porous than normal
concrete. Structural-grade lightweight concrete can still achieve compressive strengths in the
range of 15 to 40 MPa, making it viable for structural use.

Advantages:
Reduced dead load leads to cost savings in foundation design and overall structural
requirements. It improves thermal performance and reduces transportation costs in precast
applications.

Limitations:
Lightweight concrete is more brittle and may show higher shrinkage and creep. It also requires
careful placement and compaction to avoid segregation of materials.

Applications:
It is widely used in high-rise buildings, long-span bridges, roof insulation, and prefabricated
panels. It’s also suitable for floating structures and fire-resistant construction.

2. Cellular Concrete (Foam Concrete)

Introduction:

Cellular concrete, also known as foam concrete, is a lightweight and flowable material made
by introducing stable air bubbles into a cement paste or mortar. The entrapped air reduces the
density while providing insulation properties. It does not contain coarse aggregate, giving it a
homogenous and fine structure.

Materials Used:

The main ingredients include cement, water, fine fillers like fly ash or sand, and a foaming
agent. The foam is either produced onsite or added as a preformed solution. Some mixes may
also include additives for improving strength or workability.



Properties:

It has densities ranging from 300 to 1600 kg/m* and compressive strength varying from 0.5
MPa to 12 MPa. Cellular concrete is self-leveling, has good workability, and offers excellent
thermal and sound insulation. It is also non-toxic and fire-resistant.

Advantages:

Its light weight reduces load on structures and makes transportation easier. The material is easy
to pump, cast, and place. It also fills voids and molds easily due to its high flowability, and
minimizes shrinkage cracks.

Limitations:

The major drawback is its low compressive strength, making it unsuitable for structural
applications. It is also susceptible to drying shrinkage and may require longer curing periods
in thick sections.

Applications:
Cellular concrete is ideal for non-load-bearing walls, insulation layers in roofs and floors, void
filling, road sub-bases, trench reinstatement, and manufacturing lightweight concrete blocks.

3. No-Fines Concrete

Introduction:

No-fines concrete is a unique type of concrete made by excluding the fine aggregates (sand)
from the mix. This results in a porous and open-textured concrete that allows water to drain
through it. It is often used where permeability or reduced density is desired.

Materials Used:

The mix typically consists of only cement, water, and a single-sized coarse aggregate (usually
between 10 mm and 20 mm). Sometimes, admixtures are added to improve workability or
cohesion.

Properties:

The concrete has low density (1600-1900 kg/m?®), high permeability, and moderate
compressive strength (5—10 MPa). It exhibits minimal shrinkage and has good thermal
insulation properties due to the air voids between aggregates.

Advantages:
It reduces dead weight and provides natural drainage. It is easy to produce and requires less
water. The porosity also makes it resistant to frost damage in cold climates.

Limitations:
Because it lacks fines, the concrete has poor bond strength and lower overall strength compared
to normal concrete. It cannot be used for load-bearing applications in major structures.

Applications:
Common uses include road shoulders, drainage layers, pavement sub-bases, fencing posts, low-
rise load-bearing walls, and precast wall panels.



4. High-Density Concrete

Introduction:

High-density concrete is specifically designed for applications requiring high mass and
radiation shielding. This type of concrete uses heavy aggregates to achieve densities between
3000 and 6000 kg/m®.

Materials Used:

It replaces normal aggregates with heavyweight materials such as barytes (barium sulfate),
magnetite, hematite, or steel punchings. Cement and water content are similar to normal mixes,
but often mixed with superplasticizers to maintain workability.

Properties:
The concrete has high density, excellent shielding against gamma rays and neutrons, and good
compressive strength (often above 40 MPa). It also exhibits high impact resistance.

Advantages:
Its main benefit is radiation attenuation, making it ideal for sensitive environments. It also
provides excellent durability and mechanical strength for specialized industrial uses.

Limitations:

Handling and placing high-density concrete is more difficult due to its weight. It requires
stronger formwork, proper vibration to avoid segregation, and specialized equipment for
placement.

Applications:
Used in nuclear power plants, medical radiation therapy rooms, military bunkers, and as
counterweights in heavy machinery or bridges.

5. Fibre-Reinforced Concrete (FRC)

Introduction:

Fibre-reinforced concrete is a composite concrete in which fibres are distributed throughout
the mix to enhance mechanical performance, particularly tensile strength and crack resistance.
It is useful in applications where toughness and durability are needed.

Materials Used:

Concrete mix includes normal ingredients (cement, sand, aggregate, water) along with fibres
like steel, polypropylene, glass, carbon, polyester, or natural fibres like jute or coconut coir.
The type and quantity of fibre affect the performance.

Properties:

FRC improves post-cracking strength, ductility, impact resistance, and fatigue life. The fibres
bridge micro-cracks and restrict their growth. It also reduces shrinkage and improves fire
resistance.

Advantages:
It controls early-age and plastic shrinkage cracks, increases impact resistance, and enhances



durability. It’s especially effective in structures subject to heavy loading, dynamic forces, or
vibration.

Limitations:

Fibres can reduce workability, and some may corrode or degrade over time if not properly
selected. It’s not a full replacement for structural steel reinforcement in heavy structural
elements.

Applications:
Used in pavements, tunnels, shotcrete linings, precast products, overlays, airport runways, and
industrial flooring. It's also employed in seismic zones due to its crack-controlling ability.

6. Polymer Concrete

Introduction:

Polymer concrete is a composite material in which the cement binder is partially or completely
replaced by polymer resins. These polymers significantly improve the performance of the
concrete in terms of strength, chemical resistance, and durability. It is widely used where
conventional cement concrete fails under aggressive conditions.

Materials Used:

The key components include polymer resins such as epoxy, polyester, vinyl ester, or acrylics,
aggregates (fine and coarse), and occasionally cement (in the case of polymer-modified
concrete). Depending on the type, the polymer may fully replace cement (Polymer Concrete -
PC), partially replace it (Polymer-Modified Concrete - PMC), or be used to impregnate
hardened concrete (Polymer-Impregnated Concrete - PIC).

Properties:

Polymer concrete exhibits high compressive and tensile strength, superior bond with old
concrete, excellent resistance to acids, chemicals, and water, low permeability, and rapid
curing. The strength can exceed 70 MPa depending on resin type and mix proportions.

Advantages:

It offers faster setting times, greater durability in harsh environments, reduced maintenance,
and excellent bonding to repair old concrete. It also performs well in thin sections and high
abrasion zones.

Limitations:

Polymer concrete is more expensive due to the cost of resins. Some polymers are sensitive to
UV radiation and high temperatures. Special handling is required for curing and health safety,
as certain resins may emit volatile compounds.

Applications:

It 1s used in marine and industrial environments, sewer pipes, chemical containment floors,
bridge deck overlays, precast polymer concrete components, and quick repair works in roads
and pavements.



7. High-Performance Concrete (HPC)

Introduction:

High-performance concrete is designed to offer enhanced durability and strength while
maintaining good workability and low permeability. It is not defined by strength alone but by
its overall performance under challenging conditions. It is especially useful for modern
infrastructure requiring long service life.

Materials Used:

HPC includes high-quality cement, low water-cement ratio (typically <0.35), supplementary
cementitious materials like silica fume, fly ash, or ground granulated blast-furnace slag
(GGBS), and advanced chemical admixtures such as superplasticizers and retarders.

Properties:

HPC can achieve compressive strengths exceeding 60 MPa, and has excellent durability against
chemical attack, chloride penetration, and freeze-thaw cycles. It exhibits low shrinkage, high
modulus of elasticity, and high abrasion resistance.

Advantages:

It allows the construction of slender sections, reduces maintenance costs due to its long service
life, and performs well in aggressive environments. The reduced permeability improves
resistance to corrosion in steel reinforcement.

Limitations:

It requires meticulous quality control, careful mix design, and advanced curing methods. The
higher cement and admixture content increases cost. Improper curing can lead to early cracking
due to low water content.

Applications:
HPC is used in long-span bridges, high-rise buildings, marine structures, nuclear plants, and
precast concrete products where long-term durability and performance are essential.

8. Self-Compacting Concrete (SCC)

Introduction:

Self-compacting concrete is a high-performance concrete that flows under its own weight,
completely filling formwork and passing through congested reinforcement without the need
for mechanical vibration. It ensures uniformity and high surface finish quality.

Materials Used:

The mix includes cement, fine and coarse aggregates, mineral admixtures like fly ash or silica
fume, and chemical admixtures such as superplasticizers and viscosity-modifying agents. The
fine-to-coarse aggregate ratio is carefully balanced.

Properties:

SCC has high flowability, passing ability, and resistance to segregation. Its slump flow is
typically in the range of 600—750 mm. It achieves high early strength and a smooth finish with
minimal voids.



Advantages:

It reduces labor and construction time, minimizes noise pollution from vibration, and enhances
safety. It ensures uniform compaction, which improves structural durability and aesthetics. It
is especially useful in heavily reinforced or complex-shaped structures.

Limitations:

SCC is costlier due to the use of more cement and admixtures. It also requires careful quality
control to avoid segregation and loss of flow. Not all traditional mixing plants can produce
SCC without modification.

Applications:

Used in precast plants, high-rise construction, bridge piers, repair works, and architectural
concrete where fine finishes are needed. It is highly suitable for formwork with complex shapes
and dense reinforcement.

9. Nano Silica Concrete

Introduction:

Nano silica concrete incorporates nanosized silica (SiO2) particles to enhance the
microstructure of cement paste. Nano silica fills the nano-pores and reacts with calcium
hydroxide to form additional C-S-H gel, improving the concrete’s performance significantly.

Materials Used:

The concrete uses ordinary cement, aggregates, and water, but is modified with nano silica
particles (1-100 nm in size). These can be added as a powder or colloidal solution.
Superplasticizers are often needed to improve workability due to the high surface area of nano
particles.

Properties:

Nano silica concrete exhibits higher early and long-term strength, reduced porosity, increased
durability, and better resistance to chemical attack. The microstructure is denser and more
refined, which enhances the mechanical and durability characteristics.

Advantages:
It improves compressive and flexural strength, reduces setting time, and enhances resistance to
sulfate, chloride, and acid attack. It also improves bond between cement paste and aggregates.

Limitations:
Cost is high due to advanced production of nano materials. Uniform dispersion of nanoparticles
is challenging. Improper handling can cause agglomeration and health risks due to ultrafine
particle size.

Applications:
Used in high-performance and ultra-high-performance concretes, marine structures, tunnels,
bridges, repair mortars, and structures needing high durability and chemical resistance.



10. Nano Alumina Concrete

Introduction:

Nano alumina concrete involves the incorporation of alumina nanoparticles (Al:Os) in
cementitious materials to enhance the strength, durability, and chemical resistance of concrete.
The nanoparticles improve the hydration process and densify the matrix.

Materials Used:

In addition to cement, aggregates, and water, nano alumina particles (typically <100 nm) are
added to the mix. The dosage is usually small, but effective. Superplasticizers and dispersing
agents may be used to maintain workability and ensure uniform mixing.

Properties:

Nano alumina accelerates hydration, refines the pore structure, and improves the formation of
C-S-H gel. The concrete achieves higher compressive strength, abrasion resistance, and
durability. It also shows better thermal resistance and reduced permeability.

Advantages:
Improves mechanical properties, enhances resistance to chemical attack, and increases fire
resistance. The improved microstructure leads to long-lasting performance, even in harsh
environments.

Limitations:
As with nano silica, it is expensive and requires careful mixing to ensure proper dispersion.
Overdosage may lead to negative effects like excessive heat or poor workability.

Applications:
Used in marine environments, pavement overlays, industrial floors, bridge decks, tunnels, and
defense infrastructure. It is also being explored for smart concrete and self-healing applications.



