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UNIT-1 

Introduction Classification: properties, grades, advantage & disadvantages of concrete, 

Ingredients of concrete, types of cement, aggregates, water, admixtures, Inspection & 

Testing of materials as per Indian Standard Specifications 

Concrete is a composite material composed mainly of water, aggregate, and cement. Often, 

additives and reinforcements are included in the mixture to achieve the desired physical 

properties of the finished material. When these ingredients are mixed together, they form a 

fluid mass that is easily molded into shape. Over time, the cement forms a hard matrix which 

binds the rest of the ingredients together into a durable stone-like material with many uses. 

Famous concrete structures include the Hoover Dam, the Panama Canal and the 

Roman Pantheon. The earliest large-scale users of concrete technology were the ancient 

Romans, and concrete was widely used in the Roman Empire. The Colosseum in Rome was 

built largely of concrete, and the concrete dome of the Pantheon is the world's largest 

unreinforced concrete dome. 

After the Roman Empire collapsed, use of concrete became rare until the technology was re-

pioneered in the mid-18th century. Today, concrete is the most widely used man-made 

material (measured by tonnage). 

The word concrete comes from the Latin word "concretus" (meaning compact or condensed), 

the perfect passive participle of "concrescere", from "con-" (together) and "crescere" (to 

grow). 

 

Properties of concrete: 

 It should have good work-ability. 

 It should be free from segregation which is separation of concrete ingredients. 

 In concrete there should be no separation of water 

 Compressive strength should be greater than 15.5n/mm sq. 

 It must be durable 

 It should not allow water to pass through it. 

 Water cement ratio should be such that to avoid shrinkage 

 Creep effect should be minimum 

 It should be good fire resistant 
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CLASSIFICATION OF CONCRETE 

Different Types of Concrete. 

 Plain or Ordinary Concrete. 

 Lightweight Concrete. 

 High Density Concrete. 

 Reinforced Concrete. 

 Precast Concrete. 

 Prestressed Concrete. 

 Air Entrained Concrete. 

“o Let s start fro  the egi i g. A brief account of different types of concrete is given 

below. 

Plain or Ordinary Concrete. 

It is one of the most commonly used types. In this type of concrete, the essential constituents 

are cement, sand and coarse aggregates designed and mixed with a specified quantity of 

water. The ratio of essential constituents may be varied within wide limits.  A very commonly 

used mix design, commonly known as Nominal Mix Design is 1:2:4. 

Plain concrete is mostly used in the construction of pavements and in buildings, where very 

high tensile strength is not required. It is also used in the construction of Dams. 

Among the most important properties of ordinary concrete, the following may be mentioned. 

 Density: 2200 – 2500 Kg/m3. 

 Compressive Strength: 200 – 500 Kg/cm2. 

 Tensile Strength: 50 – 100 Kg/cm2 

 Durability: Very Satisfactory. 

Lightweight Concrete: 

Any types of concrete having a density less than 1920 Kg/m3 is classed as lightweight 

concrete. Various types of aggregates that are used in the manufacturing of lightweight 

concrete includes natural materials like pumice and scoria, artificial materials like expanded 

shales and clays and processed materials like perlite and vermiculite. 

The single important property of lightweight concrete is its very low thermal conductivity. For 

example: Thermal conductivity – the k value, for plain concrete may be as high as 10-12. But 

the thermal conductivity of Lightweight concrete is about 0.3. 
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Lightweight Concretes are used, depending upon their composition, for thermal insulation., 

for protecting steel structures, they are also used in long span bridge decks, and even as 

building blocks. 

Aerated Concrete is a variety of extremely lightweight concrete (density 480-800 Kg/m3). This 

is obtained by using a cement, sand and powdered fuel ash as constituents. 

High Density Concrete: 

This types of concrete is also called heavy weight concrete.  In this concrete type, the density 

varies between 3000-4000 Kg/m3. These types of concrete are prepared by using high density 

crushed rocks as coarse aggregates. Among such materials Barytes is the most commonly 

used material, which has a specific gravity of 4.5. 

They are mostly used in atomic power plants and other similar structures. Because it provides 

good protection from all type of radiations. 

Reinforced Concrete: 

It is also called RCC (Reinforced Cement Concrete). In this concrete type steel in various forms 

is used as reinforcement to give very high tensile strength. In fact, it is because of the 

combined action of plain concrete (having high compressive strength) and steel (having high 

tensile strength). 

The steel reinforcement is cast in the form of rods, bars, meshes and all conceivable shapes. 

Every care is taken to ensure the maximum bond between the reinforcement and the 

concrete during the setting and hardening process. 

Thus, the resulting material (RCC) is capable of bearing all types of stress in any type of 

construction. The RCC is the most important concrete type. 

Precast Concrete: 

This term refers to numerous types of concrete shapes that are cast into molds either in a 

factory or at the site. However, they are not used in construction until they completely set 

and hardened in a controlled condition. 

Some of the examples of Precast Concrete are; precast poles, fence posts, concrete lintels, 

staircase units, concrete blocks and cast stones, etc. These structural and decorative members 

are prepared in a well-equipped place where all arrangements are made for; 

 Perfect proportioning of the ingredients of concrete. 

 Thorough mixing of the cement, aggregates, and water to obtain the mix of the desired design 

and consistency. 
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 Careful handling during transport and placement in the perfect design molds. 

 Perfect curing, under the controlled conditions of temperature and humidity. Even steam 

curing is used to obtain precast products having high strength in much less time. 

The latest trend in the construction industry is to shift more and more to prefabricated 

concrete units in building construction. 

Prestressed Concrete: 

It is a special type of reinforced concrete in which the reinforcement bars are tensioned 

before being embedded in the concrete. Such tensioned wires are held firm at each end while 

the concrete mix is placed. The result is that when concrete sets and hardens, the whole 

concrete members so cast is put into compression. 

This sort of arrangement makes the lower section of the reinforced concrete also stronger 

against tension, which is the principal cause of the development of tension cracks in un-

tensioned reinforced concrete. 

Since pre-stressing involves the use of jacks and tensioning equipment, the pre-stressed 

concrete is also cast in the factories. Some of its advantages are following. 

 The potential compressive strength of concrete gets considerably increased. 

 The risk of development of tension cracks in the lower sections of beams is considerably 

reduced. 

 The resistance to shear is greatly reduced. This eliminates the necessity of stirrups to a great 

extent. 

 Lighter members can be used than the un-tensioned (normal) reinforced-concrete. 

The prestressed concrete is greatly favored in the construction of; 

 Bridges. 

 Long span Roofs. 

 Most structures with heavy dead load. 

Air Entrained Concrete: 

It is a specially prepared plain concrete in which air is entrained in the form of thousands of 

uniformly distributed particles. The Volume of air thus, entrained may range between 3-6 

percent of the concrete. 

The air entrainment is achieved by adding a small quantity of foaming or gas-forming agents 

at the mixing stage. Fatty acids, fatty alcohols, and resins are some common air entraining 

agents. 

Air entrained concrete is more resistant to; 
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 Scalling. 

 Deterioration due to freezing and thawing. 

 Abrasion. 

 

 

Grades: 

Concrete grades are denoted by M10, M20, and M30 according to their compressive strength. 

The M  de otes Mix design of concrete followed by the compressive strength number in 

N/mm2 

Mi  is the respective ingredient proportions which are Cement: Sand: Aggregate or Cement: 

Fine Aggregate: Coarse Aggregate. We already discussed the mix design here. If we mention 

M10 concrete, it means that the concrete has 10 N/mm2 characteristic compressive strength 

at 28 days.            

                                                           

Group 
Concrete 

Grade 
Mix Ratio 

Characteristic Compressive Strength 

(N/mm2) 

Ordinary Concrete 

M5 1 : 5 : 10 5 N/mm2 

M7.5 1 : 4 : 8 7.5 N/mm2 

M10 1 : 3 : 6 10 N/mm2 

M15 1 : 2 : 4 15 N/mm2 
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M20 1 : 1.5 : 3 20 N/mm2 

Standard Concrete 

M25 1 : 1 : 2 25 N/mm2 

M30 
Design 

Mix 
30 N/mm2 

M35 
Design 

Mix 
35 N/mm2 

M40 
Design 

Mix 
40 N/mm2 

M45 
Design 

Mix 
45 N/mm2 

M50 
Design 

Mix 
50 N/mm2 

High Strength 

Concrete 

M55 
Design 

Mix 
 55 N/mm2 

M60 
Design 

Mix 
 60 N/mm2 

M65 
Design 

Mix 
 65 N/mm2 

M70 
Design 

Mix 
 70 N/mm2 

 

Advantages of concrete: 

 Ingredients of concrete are easily available in most of the places.  
 Unlike natural stones, Concrete is free from defects and flaws.  

 Concrete can be manufactured to desired strength with an economy.  

 The durability of concrete is very high.  

 It can be cast to any desired shape.  

 The casting of concrete can be done in the working site which makes it economical.  

 Maintenance cost of concrete is almost negligible.  

 The deterioration of concrete is not appreciable with age.  

 Concrete makes a building fire-safe due to its noncombustible nature.  

 Concrete can withstand high temperatures.  

 Concrete is resistant to wind and water. Therefore, it is a very useful in storm shelters.  

 As a sound proofing material cinder concrete could be used. 

Disadvantages of concrete: 

 Compared to other binding materials, the tensile strength of concrete is relatively low. 
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 Concrete is less ductile. 

 The weight of compared is high compared to its strength. 

 Concrete may contains soluble salts. Soluble salts cause efflorescence. 

 

Ingredients of Concrete: 

 

Cement:  

Portland cement is the most common type of cement in general usage. It is a basic ingredient 

of concrete, mortar and plaster. English masonry worker Joseph Aspdin patented Portland 

cement in 1824. It was named because of the similarity of its color to Portland limestone, 

quarried from the English Isle of Portland and used extensively in London architecture. It 

consists of a mixture of oxides of calcium, silicon and aluminium. Portland cement and similar 

materials are made by heating limestone (a source of calcium) with clay and grinding this 

product (called clinker) with a source of sulfate (most commonly gypsum). 

In modern cement kilns many advanced features are used to lower the fuel consumption per 

ton of clinker produced. Cement kilns are extremely large, complex, and inherently dusty 

industrial installations, and have emissions which must be controlled. Of the various 

ingredients used in concrete the cement is the most energetically expensive. Even complex 

and efficient kilns require 3.3 to 3.6 gigajoules of energy to produce a ton of clinker and 

then grind it into cement. Many kilns can be fueled with difficult-to-dispose-of wastes; the 

most common being used tires. The extremely high temperatures and long periods of time at 

those temperatures allow cement kilns to efficiently and completely burn even difficult-to-

use fuels. 

Types of Cement: 

Following are the different types of cement used in construction works. 

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 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. 
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2. Low Heat Cement: 

Low heat cement is manufactured by increasing the proportion of C2S and by decreasing the 

C3S and C3A content. This cement is less reactive and its initial setting time is greater than 

OPC. This cement is mostly used in mass concrete construction. 

3. 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 sulphate . 

4. 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. 

5. Portland Pozzolana Cement: 

Portland pozzolana cement is produced either by grinding together, portland cement clinkers 

and pozzolana with the addition of gypsum or calcium sulfate or by intimately and uniformly 

blending portland cement and fine pozzolana. 

It produces lower heat of hydration and has greater resistance to attack of chemical agencies 

than OPC. Concrete made with PPC is thus considered particularly suitable for construction in 

sea water, hydraulic works and for mass concrete works. 

6. 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. 
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7. 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. 

8. 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. 

9. 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. 

10. Air Entraining Cement: 

It is produced by air entraining agents such as resins, glues, sodium salts of sulfate with 

ordinary portland cement. 

11. 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. 

12. 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. 

 

Water: 

Combining water with a cementitious material forms a cement paste by the process of 

hydration. The cement paste glues the aggregate together, fills voids within it, and makes it 

flow more freely. 
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A lower water-to-cement ratio yields a stronger, more durable concrete, whereas more water 

gives a free-flowing concrete with a higher slump. Impure water used to make concrete can 

cause problems when setting or in causing premature failure of the structure. 

Hydration involves many different reactions, often occurring at the same time. As the 

reactions proceed, the products of the cement hydration process gradually bond together the 

individual sand and gravel particles and other components of the concrete to form a solid 

mass. 

Reaction: 

Cement chemist notation: C3“ + H → C-S-H + CH 

Standard notation: Ca3SiO5 + H2O → CaO · “iO2)·(H2O)(gel) + Ca(OH)2 

Balanced: 2Ca3SiO5 + 7H2O → CaO · “iO2)·4(H2O)(gel) + 3Ca(OH)2 

 

Aggregates: 

Fine and coarse aggregates make up the bulk of a concrete mixture. Sand, natural gravel 

and crushed stone are used mainly for this purpose. Recycled aggregates (from construction, 

demolition, and excavation waste) are increasingly used as partial replacements of natural 

aggregates, while a number of manufactured aggregates, including air-cooled blast 

furnace slag and bottom ash are also permitted. 

The presence of aggregate greatly increases the durability of concrete above that of cement, 

which is a brittle material in its pure state. Thus concrete is a true composite material. 

Redistribution of aggregates after compaction often creates inhomogeneity due to the 

influence of vibration. This can lead to strength gradients. 

Decorative stones such as quartzite, small river stones or crushed glass are sometimes added 

to the surface of concrete for a decorative "exposed aggregate" finish, popular among 

landscape designers. 

Chemical admixtures: 

Chemical admixtures are materials in the form of powder or fluids that are added to the 

concrete to give it certain characteristics not obtainable with plain concrete mixes. In normal 

use, admixture dosages are less than 5% by mass of cement and are added to the concrete at 

the time of batching/mixing. (See the section on Concrete Production, below.)The common 

types of admixtures are as follows. 

 Accelerators speed up the hydration (hardening) of the concrete. Typical materials 

used are CaCl 

2 Ca(NO3)2 and NaNO3. However, use of chlorides may cause corrosion in steel 

reinforcing and is prohibited in some countries, so that nitrates may be favored. 

Accelerating admixtures are especially useful for modifying the properties of concrete 

in cold weather. 
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 Retarders slow the hydration of concrete and are used in large or difficult pours where 

partial setting before the pour is complete is undesirable. Typical polyol retarders 

are sugar, sucrose, sodium gluconate, glucose, citric acid, and tartaric acid. 

 Air entrainments add and entrain tiny air bubbles in the concrete, which reduces 

damage during freeze-thaw cycles, increasing durability. However, entrained air 

entails a trade off with strength, as each 1% of air may decrease compressive strength 

5%. If too much air becomes trapped in the concrete as a result of the mixing 

process, Defoamers can be used to encourage the air bubble to agglomerate, rise to 

the surface of the wet concrete and then disperse. 

 Plasticizers increase the workability of plastic or "fresh" concrete, allowing it be 

placed more easily, with less consolidating effort. A typical plasticizer is 

lignosulfonate. Plasticizers can be used to reduce the water content of a concrete 

while maintaining workability and are sometimes called water-reducers due to this 

use. Such treatment improves its strength and durability 

characteristics. Superplasticizers (also called high-range water-reducers) are a class of 

plasticizers that have fewer deleterious effects and can be used to increase 

workability more than is practical with traditional plasticizers. Compounds used as 

superplasticizers include sulfonated naphthalene formaldehyde condensate, 

sulfonated melamine formaldehyde condensate, acetone formaldehyde condensate 

and poly-carboxylate ethers. 

 Pigments can be used to change the color of concrete, for aesthetics. 

 Corrosion inhibitors are used to minimize the corrosion of steel and steel bars in 

concrete. 

 Bonding agents are used to create a bond between old and new concrete (typically a 

type of polymer) with wide temperature tolerance and corrosion resistance. 

 Pumping aids improve pump ability, thicken the paste and reduce separation and 

bleeding. 

 

Inorganic materials that have pozzolanic or latent hydraulic properties, these very fine-

grained materials are added to the concrete mix to improve the properties of concrete 

(mineral admixtures), or as a replacement for Portland cement (blended cements). Products 

which incorporate limestone, fly ash, blast furnace slag, and other useful materials with 

pozzolanic properties into the mix, are being tested and used. This development is due to 

cement production being one of the largest producers (at about 5 to 10%) of global 

greenhouse gas emissions, as well as lowering costs, improving concrete properties, and 

recycling wastes. 

 Fly ash: A by-product of coal-fired electric generating plants, it is used to partially 

replace Portland cement (by up to 60% by mass). The properties of fly ash depend on 

the type of coal burnt. In general, siliceous fly ash is pozzolanic, while calcareous fly 

ash has latent hydraulic properties. 
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 Ground granulated blast furnace slag (GGBFS or GGBS): A by-product of steel 

production is used to partially replace Portland cement (by up to 80% by mass). It has 

latent hydraulic properties. 

 Silica fume: A byproduct of the production of silicon and ferrosilicon alloys. Silica fume 

is similar to fly ash, but has a particle size 100 times smaller. This results in a higher 

surface-to-volume ratio and a much faster pozzolanic reaction. Silica fume is used to 

increase strength and durability of concrete, but generally requires the use of 

superplasticizers for workability. 

 High reactivity Metakaolin (HRM): Metakaolin produces concrete with strength and 

durability similar to concrete made with silica fume. While silica fume is usually dark 

gray or black in color, high-reactivity metakaolin is usually bright white in color, 

making it the preferred choice for architectural concrete where appearance is 

important. 

Plasticizers (Water reducing agents) 

These admixtures are used for following purposes: 

1. To achieve a higher strength by decreasing the water cement ratio at the same 

workability as an admixture free mix. 

2. To achieve the same workability by decreasing the cement content so as to reduce the 

heat of hydration in mass concrete. 

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

4. Water reduction more than 5% but less than 12% 

5. The commonly used admixtures are Ligno-sulphonates and hydrocarbolic acid salts. 

6. Plasticizers are usually based on lignosulphonate, which is a natural polymer, derived 

from wood processing in the paper industry. 

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: 
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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 

 

Superplasticizers (High range water reducers) 

These are more recent and more effective type of water reducing admixtures also known 

as high range water reducer.The main benefits of super plasticizers can be summarized as 

follows: 

Increased fluidity: 

 Flowing 

 Self-leveling 

 Self-compacting concrete 

 Penetration and compaction round dense reinforcement 

 

Reduced W/C ratio: 

 Very high early strength, >200% at 24 hours or earlier 

 Very high later age strengths, >100 MPa or 15000 psi. 

 Reduced shrinkage, especially if combined with reduced cement content. 

 Improved durability by removing water to reduce permeability and diffusion. 

The commonly used Super Plasticizers are as follows: 

 Sulphonated melamine formaldehyde condensates (SMF) 

Give 16–25%+ water reduction. SMF gives little or no retardation, which makes them very 

effective at low temperatures or where early strength is most critical. However, at higher 

temperatures, they lose workability relatively quickly. SMF generally give a good finish and 

are colorless, giving no staining in white concrete. They are therefore often used where 

appearance is important. 

 Sulphonated naphthalene formaldehyde condensates (SNF) 

Typically give 16–25%+ water reduction. They tend to increase the entrapment of larger, 

unstable air bubbles. This can improve cohesion but may lead to more surface defects. 

Retardation is more than with SMF but will still not normally exceed 90 minutes. SNF is a very 

cost-effective. 
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 Polycarboxylate ether superplasticizers (PCE) 

Typically give 20–35%+ water reduction. They are relatively expensive per liter but are very 

powerful so a lower dose (or more dilute solution) is normally used. 

In general the dosage levels are usually higher than with conventional water reducers, and 

the possible undesirable side effects are reduced because they do not markedly lower the 

surface tension of the water. 

 Accelerators: 

An admixture which, when added to concrete, mortar, or grout, increases the rate of 

hydration of hydraulic cement, shortens the time of set in concrete, or increases the rate of 

hardening or strength development. 

Accelerating admixtures can be divided into groups based on their performance and 

application: 

1. Set Accelerating Admixtures, 

Reduce the time for the mix to change from the plastic to the hardened state. Set 

accelerators have relatively limited use, mainly to produce an early set. 

2. Hardening Accelerators, 

Which increase the strength at 24 hours by at least 120% at 20ºC and at 5ºC by at least 130% 

at 48 hours. Hardening accelerators find use where early stripping of shuttering or very early 

access to pavements is required. They are often used in combination with a high range water 

reducer, especially in cold conditions. 

Retarders: 

The function of retarder is 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 temperatures. 

When water is first added to cement there is a rapid initial hydration reaction, after which 

there is little formation of further hydrates for typically 2–3 hours. The exact time depends 

mainly on the cement type and the temperature. This is called the dormant period when the 

concrete is plastic and can be placed. At the end of the dormant period, the hydration rate 

increases and a lot of calcium silicate hydrate and calcium hydroxide is formed relatively 

quickly. This corresponds to the setting time of the concrete. Retarding admixtures delay the 

end of the dormant period and the start of setting and hardening. This is useful when used 

with plasticizers to give workability retention. Used on their own, retarders allow later 
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vibration of the concrete to prevent the formation of cold joints between layers of concrete 

placed with a significant delay between them. 

The mechanism of set retards is based on absorption. The large admixture anions and 

molecules are absorbed on the surface of cement particles, which hinders further reactions 

between cement and water i.e. retards setting. The commonly known retards are Calcium 

Ligno-sulphonates and Carbohydrates derivatives used in fraction of percent by weight of 

cement 

An addition for hydraulic cement or an admixture for concrete or mortar which causes air, 

usually in small quantity, to be incorporated in the form of minute bubbles in the concrete or 

mortar during mixing, usually to increase its workability and frost resistance. Air-entraining 

admixtures are surfactants that change the surface tension of the water. Traditionally, they 

were based on fatty acid salts or vinsol resin but these have largely been replaced by 

synthetic surfactants or blends of surfactants to give improved stability and void 

characteristics to the entrained air. Air entrainment is used to produce a number of effects in 

both the plastic and the hardened concrete. These include: 

 Resistance to freeze – thaw action in the hardened concrete. 

 Increased cohesion, reducing the tendency to bleed and segregation in the plastic 

concrete. 

 Compaction of low workability mixes including semi - dry concrete. 

 Stability of extruded concrete. 

 Cohesion and handling properties in bedding mortars 

 

Mineral Admixtures in Concrete 

1.  Cementitious 

These have cementing properties themselves. For example: 

 Ground granulated blast furnace slag (GGBFS) 

2. Pozzolanic 

A pozzolan is a material which, when combined with calcium hydroxide (lime), exhibits 

cementitious properties. Pozzolans are commonly used as an addition (the technical term is 

"cement extender") to Portland cement concrete mixtures to increase the long-term strength 

and other material properties of Portland cement concrete and in some cases reduce the 

material cost of concrete. Examples are: 

 Fly ash 

 Silica Fume 

 Rice Husk Ash 
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 Metakaolin 

Pozzolanic Action: 

The additive act in three ways 

1. Filler 

2. Nucleating 

3. Pozzolanic 

1. Filler: 

These additives/admixtures are finer than cement, so when added to concrete they occupy 

the small pores previously left vacant. 

2. Nucleating: 

These fine particles accelerate the rate of hydration and precipitation starts. 

3. Pozzolanic: 

When cementing material reacts with water the following reaction take place: 

C2S + H CSH + CH 

C3S + H CSH + CH 

CSH is responsible for strength while CH is a soluble material reacts and dissolves in water 

leaving behind pores. So when admixture is added 

SiO3 or Al2O3+ CH CSH 

Thus, it reduces the amount of CH & increase CSH 

Conditions to Declare a Material Pozzolan: 

 Having silica + Alumina oxide+ ferrous oxide more than 70%. 

 Surface area on normal admixture is more than 300m²/kg. 

 Surface area should be more than cement used 

 Ground Granulated Blast Furnace Slag (GGBFS) 

Ground granulated blast-furnace slag is the granular material formed when molten iron blast 

furnace slag (a by-product of iron and steel making) is rapidly chilled (quenched) by 
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immersion in water. It is a granular product, highly cementitious in nature and, ground to 

cement fineness, hydrates like Portland cement. 

(Blast-Furnace Slag: A by-product of steel manufacture which is sometimes used as a 

substitute for Portland cement. In steel industry when iron ore is molted, then in the molted 

state all the impurities come at its surface which are removed called slag. It consists mainly of 

the silicates and alumino silicates of calcium, which are formed in the blast furnace in molten 

form simultaneously with the metallic iron. Blast furnace slag is blended with Portland 

cement clinker to form PORTLAND BLASTFURNACE SLAG CEMENT). GGBFS is used to make 

durable concrete structures in combination with ordinary Portland cement and/or other 

pozzolanic materials. GGBFS has been widely used in Europe, and increasingly in the United 

States and in Asia (particularly in Japan and Singapore) for its superiority in concrete 

durability, extending the lifespan of buildings from fifty years to a hundred years. 

Concrete made with GGBFS cement sets more slowly than concrete made with ordinary 

Portland cement, depending on the amount of GGBFS in the cementitious material, but also 

continues to gain strength over a longer period in production conditions. This results 

in lower heat of hydration and lower temperature rises, and makes avoiding cold 

joints easier, but may also affect construction schedules where quick setting is required. 

Use of GGBFS significantly reduces the risk of damages caused by alkali-silica reaction (ASR), 

provides higher resistance to chloride ingress, reducing the risk of reinforcement corrosion, 

and provides higher resistance to attacks by sulfate and other chemicals. 

 

Benefits: 

1. Durability 

GGBFS cement is routinely specified in concrete to provide protection against both sulphate 

attack and chloride attack 

GGBFS is also routinely used to limit the temperature rise in large concrete pours. The more 

gradual hydration of GGBFS cement generates both lower peak and less total overall heat 

than Portland cement. 

2. Appearance 

In contrast to the stony grey of concrete made with Portland cement, the near-white color of 

GGBFS cement permits architects to achieve a lighter colour for exposed fair-faced concrete 

finishes, at no extra cost. 

3. Strength 
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Concrete containing GGBFS cement has a higher ultimate strength than concrete made with 

Portland cement. It has a higher proportion of the strength-enhancing calcium silicate 

hydrates (CSH) than concrete made with Portland cement only, and a reduced content of free 

lime, which does not contribute to concrete strength. Concrete made with GGBFS continues 

to gain strength over time, and has been shown to double its 28 day strength over periods of 

10 to 12 years. 

  

4. Fly Ash: 

The finely divided residue resulting from the combustion of ground or powdered coal. Fly ash 

is generally captured from the chimneys of coal-fired power plants; it has POZZOLANIC 

properties, and is sometimes blended with cement for this reason. 

Fly ash includes substantial amounts of silicon dioxide (SiO2) (both amorphous and 

crystalline) and calcium oxide (CaO). Toxic constituents include arsenic, beryllium, boron, 

cadmium, chromium, cobalt, lead, manganese, mercury, molybdenum, selenium, strontium, 

thallium, and vanadium. 

Class F Fly Ash: 

The burning of harder, older anthracite and bituminous coal typically produces Class F fly ash. 

This fly ash is pozzolanic in nature, and contains less than 10% lime (CaO). The glassy silica 

and alumina of Class F fly ash requires a cementing agent, such as Portland cement, 

quicklime, or hydrated lime, with the presence of water in order to react and produce 

cementitious compounds. 

Class C Fly Ash: 

Fly ash produced from the burning of younger lignite or subbituminous coal, in addition to 

having pozzolanic properties, also has some self-cementing properties. In the presence of 

water, Class C fly ash will harden and gain strength over time. Class C fly ash generally 

contains more than 20% lime (CaO). Unlike Class F, self-cementing Class C fly ash does not 

require an activator. Alkali and sulfate (SO4) contents are generally higher in Class C fly ashes. 

In addition to economic and ecological benefits, the use of fly ash in concrete improves its 

workability, reduces segregation, bleeding, heat evolution and permeability, inhibits alkali-

aggregate reaction, and enhances sulfate resistance. Even though the use of fly ash in 

concrete has increased in the last 20 years, less than 20% of the fly ash collected was used in 

the cement and concrete industries. 
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One of the most important fields of application for fly ash is PCC pavement, where a large 

quantity of concrete is used and economy is an important factor in concrete pavement 

construction. 

5. Silica Fume 

 By-product of semiconductor industry 

The terms condensed silica fume, microsilica, silica fume and volatilized silica are often used 

to describe the by-products extracted from the exhaust gases of silicon, ferrosilicon and other 

metal alloy furnaces. However, the terms microsilica and silica fume are used to describe 

those condensed silica fumes that are of high quality, for use in the cement and concrete 

industry. 

“ili a fu e as first o tai ed  i  Nor a , i  9 7, he  e iro e tal restrai ts made the 

filtering of the exhaust gases from the furnaces compulsory. 

Silica Fume consists of very fine particles with a surface area ranging from 60,000 to 150,000 

ft²/lb or 13,000 to 30,000 m²/kg, with particles approximately 100 times smaller than the 

average cement particle. Because of its extreme fineness and high silica content, Silica Fume 

is a highly effective pozzolanic material. Silica Fume is used in concrete to improve its 

properties. It has been found that Silica Fume improves compressive strength, bond strength, 

and abrasion resistance; reduces permeability of concrete to chloride ions; and therefore 

helps in protecting reinforcing steel from corrosion, especially in chloride-rich environments 

such as coastal regions. 

  

6. Rice Husk Ash: 

This is a bio waste from the husk left from the grains of rice. It is used as a pozzolanic material 

in cement to increase durability and strength. 

The silica is absorbed from the ground and gathered in the husk where it makes a structure 

and is filled with cellulose. When cellulose is burned, only silica is left which is grinded to fine 

powder which is used as pozzolana. 

 

Inspection and Testing of Concrete 

Concrete is inspected and tested to ascertain that all specified conditions meet the 

acceptable criteria specified. This is achieved by visual, mechanical, nondestructive, or 

destructive methods. Tests are performed in accordance with the American Concrete 
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Institute (ACI), American Society for Testing and Materials (ASTM) and American Association 

of State and Transportation Officials (AASHTO) testing and inspection procedures. 

    Mix Designs – MTI can provide mix designs and mix design reviews in its fully equipped and 

certified laboratories. 

    On-Site Concrete Testing and Inspection - Inspection of the placement of concrete and 

testing the fresh properties of concrete to verify conformance to the project plans and 

specifications. Concrete tests include slump, air content, temperature, yield, unit weight, 

water-cement ratio, in addition to the casting of concrete cylinders/beams for 

compressive/flexural strength. 

    Reinforcing Steel Placement - Placement of reinforcing steel is verified for size, quantity, 

spacing and clearance in the concrete forms prior to the placement of concrete. A 

comprehensive inspection of the forms and subgrade conditions is also performed. 

    Compressive Strength Testing - Laboratory testing of concrete specimens is performed to 

determine the compressive strength of the concrete. 

    Pre-stressed & Post-tensioned Concrete - Inspection is performed during installation of 

unbonded tendons, couplers, anchorage and concrete placement. Calibration of stressing 

jacks, gauges and elongation measurements are verified to be in accordance with plans and 

specifications. 

    Pre-cast Concrete Fabrication - Inspection of precast facilities is performed to verify quality 

control procedures are being adhered to and construction methods/techniques are in 

accordance with project requirements. 

    Batch Plant Inspection and Quality Control - Monitoring of concrete at the plant is 

performed to control key properties; including air content, water/cement ratio, slump, etc. 

After Placement Testing of Concrete 

        Pachometer Testing - Pachometer testing is used to locate existing reinforcing steel in 

concrete structures. This equipment can determine the concrete cover, rebar sizes, spacing, 

and length. 

        Windsor Probe Testing - Windsor Probe (ASTM C 803) testing methods can be used for 

assessing the general quality, uniformity, and relative strength of concrete members. 

        Schmidt Hammer Testing - Schmidt Hammer testing is used for the non-destructive 

measurement of the concrete/mortar compressive strength and the control of the uniform 

concrete quality (in-situ concrete and prefabricated structures) as well as for detecting weak 

spots. 
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        Petrographic Analysis - Using varied microscopic equipment and expertise, MTI is able to 

perform a multitude of unique analysis methods including petrographic analysis of rock and 

aggregate and porosity of hardened concrete, mortar, and grout. A number of properties can 

be determined; including air content, aggregate percentages, water/cement ratio, etc. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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