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Unit 5  

Special Concretes : Light weight concrete, Ready mix concrete, Vacuum concrete, Ferro 

cement, Fiber reinforced concrete, Polymer concrete composites, Shot Crete, Guniting, 

Rubble concrete, Resin concrete, Prestressed concrete, Heat resistant concrete, Mass 

concrete, Temperature control of mass concrete. 

Lightweight concretes 

Lightweight concretes can either be lightweight aggregate concrete, foamed concrete or 

autoclaved aerated concrete (AAC). Such lightweight concrete blocks are often used in house 

construction. 

Lightweight aggregate concrete 

Lightweight aggregate concrete can be produced using a variety of lightweight aggregates. 

Lightweight aggregates originate from either: 

 Natural materials, like volcanic pumice. 

 The thermal treatment of natural raw materials like clay, slate or shale i.e. Leca. 

 Manufacture from industrial by-products such as fly ash, i.e. Lytag. 

 Processing of industrial by-products like FBA or slag. 

  

The required properties of the lightweight concrete will have a bearing on the best type of 

lightweight aggregate to use. If little structural requirement, but high thermal insulation 

properties, are needed then a light, weak aggregate can be used. This will result in relatively 

low strength concrete. 

  

Lightweight aggregate concretes can, however, be used for structural applications, with 

strengths equivalent to normal weight concrete. 

  

The benefits of using lightweight aggregate concrete include: 
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 Reduction in dead loads making savings in foundations and reinforcement. 

 Improved thermal properties. 

 Improved fire resistance. 

 Savings in transporting and handling precast units on site. 

 Reduction in formwork and propping. 

  

Foamed concrete 

Foamed concrete is a highly workable, low-density material which can incorporate up to 50 per 

cent entrained air. It is generally self-levelling, self-compacting and may be pumped. Foamed 

concrete is ideal for filling redundant voids such as disused fuel tanks, sewer systems, pipelines, 

and culverts - particularly where access is difficult. It is a recognised medium for the 

reinstatement of temporary road trenches. Good thermal insulation properties make foamed 

concrete also suitable for sub-screeds and filling under-floor voids. 

Autoclaved aerated concrete (AAC) 

AAC was first commercially produced in 1923 in Sweden. Since then, AAC construction systems 

such as masonry units, reinforced floor/roof and wall panels and lintels have been used on all 

continents and every climatic condition. AAC can also be sawn by hand, sculpted and 

penetrated by nails, screws and fixings. 

 Ready-mix concrete  

Ready-mix concrete is concrete that is manufactured in a factory or batching plant, according 

to a set recipe, and then delivered to a work site, by truck mounted in–transit mixers. This 

results in a precise mixture, allowing specialty concrete mixtures to be developed and 

implemented on construction sites. The first ready-mix factory was built in the 1930s, but the 

industry did not begin to expand significantly until the 1980s, and it has continued to grow 

since then.  
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Ready-mix concrete is sometimes preferred over on-site concrete mixing because of the 

precision of the mixture and reduced work site confusion. However, using a pre-determined 

concrete mixture reduces flexibility, both in the supply chain and in the actual components of 

the concrete. 

Ready-mix concrete is also referred as the customized concrete products for commercial 

purpose. Ready-mix concrete, or RMC as it is popularly called, refers to concrete that is 

specifically manufactured for delivery to the customer's construction site in a freshly mixed and 

plastic or unhardened state. Concrete itself is a mixture of Portland cement, water and 

aggregates comprising sand and gravel or crushed stone. In traditional work sites, each of these 

materials is procured separately and mixed in specified proportions at site to make concrete. 

Read-mix concrete is bought and sold by volume - usually expressed in cubic meters (cubic 

yards in the US). 

Ready-mix concrete is manufactured under controlled operations and transported and placed 

at site using sophisticated equipment and methods. In 2011, there were 2,223 companies 

employing 72,924 workers that produced RMC in the United States 

 Disadvantages of ready-mix concrete 

 The materials are batched at a central plant, and the mixing begins at that plant, so the 

traveling time from the plant to the site is critical over longer distances. Some sites are 

just too far away, though this is usually a commercial rather than a technical issue. 

 Generation of additional road traffic. Furthermore, access roads and site access have to 

be able to carry the greater weight of the ready-mix truck plus load. (Green concrete is 

approx. 2.5 tonne per m³.) This problem can be overcome by utilizing so-called 'minimix' 

companies which use smaller 4m³ capacity mixers able to reach more-restricted sites. 

 Concrete's limited timespan between mixing and going-off means that ready-mix should 

be placed within 210 minutes of batching at the plant. Modern admixtures can modify 

that timespan precisely, however, so the amount and type of admixture added to the 

mix is very important. 
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 Water-cement ratio is detrimental for concrete. We always try to restrict the water-cement 

ratio in order to achieve higher strength. The chemical reaction of cement with water requires a 

water-cement ratio of less than 0.38, whereas the adopted water-cement ratio is much more 

than that mainly because of the requirement of workability. Workability is also important for 

concrete, so it can be placed in the formwork easily without honeycombing. 

After the requirement of workability is over, this excess water will eventually evaporate leaving 

capillary pores in the concrete. These pores result into high permeability and less strength in 

the o ete. The efo e, o ka ilit  a d high st e gth do ’t go togethe  as thei  e ui e e ts 

are contradictory to each other. 

Vacuum concrete is the effective technique used to overcome this contradiction of opposite 

requirements of workability and high strength. With this technique both these are possible at 

the same time. 

In this technique, the excess water after placement and compaction of concrete is sucked out 

with the help of vacuum pumps. This technique is effectively used in industrial floors, parking 

lots and deck slabs of bridges etc. The magnitude of applied vacuum is usually about 0.08 MPa 

and the water content is reduced by upto 20-25%. The reduction is effective upto a depth of 

about 100 to 150 mm only. 

Technique and Equipments for Vacuum Concrete: 

The main aim of the technique is to extract extra water from concrete surface using vacuum 

dewatering. As a result of dewatering, there is a marked reduction in effective water-cement 

ratio and the performance of concrete improves drastically. The improvement is more on the 

surface where it is required the most. 

Mainly, four components are required in vacuum dewatering of concrete, which are given 

below: 

1. Vacuum pump 

2. Water separator 
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3. Filtering pad 

4. Screed board vibrator 

Vacuum pump is a small but strong pump of 5 to 10 HP. Water is extracted by vacuum and 

stored in the water separator. The mats are placed over fine filter pads, which prevent the 

removal of cement with water. Proper control on the magnitude of the water removed is equal 

to the contraction in total volume of concrete. About 3% reduction in concrete layer depth 

takes place. Filtering pad consists of rigid backing sheet, expanded metal, wire gauge or muslin 

cloth sheet. A rubber seal is also fitted around the filtering pad as shown in fig.1. Filtering pad 

should have minimum dimension of 90cm x 60cm. 

  

Advantages of vacuum concreting: 

 Due to dewatering through vacuum, both workability and high strength are achieved 

simultaneously. 

 Reduction in water-cement ratio may increase the compressive strength by 10 to 50% 

and lowers the permeability. 

 It enhances the wear resistance of concrete surface. 

 The surface obtained after vacuum dewatering is plain and smooth due to reduced 

shrinkage. 

 The formwork can be removed early and surface can be put to use early. 

 Ferro cement also referred to as Ferro concrete or reinforced concrete, a mixture of Portland 

cement and sand applied over layers of woven or expanded steel mesh and closely spaced 

small-diameter steel rods rebar. It can be used to form relatively thin, compound-curved sheets 

of concrete ideal for such applications as hulls for boats, shell roofs, and water tanks. It has a 

wide range of other uses including sculpture and prefabricated building components. The term 

"Ferro-cement" has been applied by extension to other composite materials, including some 

containing no cement and no ferrous material. 
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The original inventor of the material, Frenchman Joseph Monier, dubbed it "ciment armé," but 

after another French inventor, Joseph-Louis Lambot, constructed a small ferrocement boat and 

exhibited the vessel at the Exposition Universelle in 1855, the name "ferciment" (in accordance 

with Lambot's 1855 patent) stuck instead. The patent was granted in Belgium and only applied 

to that country. At the time of Monier's first patent, July 1867, he planned to use his material to 

create urns, planters, and cisterns. These implements were traditionally made from ceramics, 

but large-scale, kiln-fired projects were expensive and prone to failure. In 1875, he expanded 

his patents to include bridges and designed his first steel-and-concrete bridge. The outer layer 

was sculpted to mimic rustic logs and timbers, thereby also ushering Faux Bois concrete into 

common practice. 

Recent trends have "ferrocement" being referred to as ferro concrete or reinforced concrete to 

better describe the end product instead of its components. By understanding that aggregates 

mixed with Portland cement form concrete, but many things can be called cement, it is hoped 

this may avoid the confusion of many compounds or techniques that are not ferro concrete. 

Ferro concrete has relatively good strength and resistance to impact. When used in house 

construction in developing countries, it can provide better resistance to fire, earthquake, and 

corrosion than traditional materials, such as wood, adobe and stone masonry. It has been 

popular in developed countries for yacht building because the technique can be learned 

relatively quickly, allowing people to cut costs by supplying their own labor. In the 1930s 

through 1950's, it became popular in the United States as a construction and sculpting method 

for novelty architecture, examples of which created "dinosaurs in the desert". 

 Application of Ferro-cement In Construction: 

Ferro-cement is a relatively new construction material consists of wire meshes and cement 

mortar. It was developed by P.L.Nervi, an Italian architect in 1940. Ferro cement is widely used 

due to the low self-weight, lack of skilled workers, no need of framework etc. Quality of ferro-

cement works are assured because the components are manufactured on machinery set up and 

execution time at work site is less. Maintenance cost of ferro-cement is low. Ferro-cement 

construction has come into widespread use only in the last two decades.  
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What is Ferro-cement? 

 Highly versatile form of reinforced concrete. 

 It’s a type of thin reinforced concrete construction, in which large amount of small 

diameter wire meshes uniformly throughout the cross section. 

 Mesh may be metal or suitable material. 

 Instead of concrete Portland cement mortar is used. 

 Strength depends on two factors quality of sand/cement mortar mix and quantity of 

reinforcing materials used. 

 Advantages of Ferro-Cement: 

 Basic raw materials are readily available in most countries. 

 Fabricated into any desired shape. 

 Low labour skill required. 

 Ease of construction, low weight and long lifetime. 

 Low construction material cost. 

 Better resistance against earthquake.  

Disadvantages of Ferro-Cement: 

 Structures made of it can be punctured by collision with pointed objects. 

 Corrosion of the reinforcing materials due to the incomplete coverage of metal by 

mortar. 

 It is difficult to fasten to Ferro-cement with bolts, screws, welding and nail etc.  

 Large no of labors required. 

 Cost of semi-skilled and unskilled labors is high. 

 Tying rods and mesh together is especially tedious and time consuming.  

Process of Ferro-cement Construction: 
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 Fabricating the skeletal framing system. 

 Applying rods and meshes. 

 Plastering. 

  Curing  

Applications of Ferro-cements: 

 Housing 

 Marine 

 Agricultural 

 Rural Energy 

 Anticorrosive Membrane Treatment. 

 Miscellaneous. 

 Fiber-reinforced concrete (FRC) is concrete containing fibrous material which increases its 

structural integrity. It contains short discrete fibers that are uniformly distributed and randomly 

oriented. Fibers include steel fibers, glass fibers, synthetic fibers and natural fibers – each of 

which lend varying properties to the concrete. In addition, the character of fiber-reinforced 

concrete changes with varying concretes, fiber materials, geometries, distribution, orientation, 

and densities.  
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Effect of fibers in concrete 

Fibers are usually used in concrete to control cracking due to plastic shrinkage and to drying 

shrinkage. They also reduce the permeability of concrete and thus reduce bleeding of water. 

Some types of fibers produce greater impact–, abrasion–, and shatter–resistance in concrete. 

Generally fibers do not increase the flexural strength of concrete, and so cannot replace 

moment–resisting or structural steel reinforcement. Indeed, some fibers actually reduce the 

strength of concrete. 

The amount of fibers added to a concrete mix is expressed as a percentage of the total volume 

of the composite (concrete and fibers), termed "volume fraction" (Vf). Vf typically ranges from 

0.1 to 3%. The aspect ratio (l/d) is calculated by dividing fiber length (l) by its diameter (d). 

Fibers with a non-circular cross section use an equivalent diameter for the calculation of aspect 

ratio. If the fiber's modulus of elasticity is higher than the matrix (concrete or mortar binder), 

they help to carry the load by increasing the tensile strength of the material. Increasing the 

aspect ratio of the fiber usually segments the flexural strength and toughness of the matrix. 

However, fibers that are too long tend to "ball" in the mix and create workability problems. 

Some recent research indicated that using fibers in concrete has limited effect on the impact 

resistance of the materials. This finding is very important since traditionally, people think that 

ductility increases when concrete is reinforced with fibers. The results also indicated that the 

use of micro fibers offers better impact resistance to that of longer fibers.  

The High Speed 1 tunnel linings incorporated concrete containing 1 kg/m³ of polypropylene 

fibers, of diameter 18 & 32 μ , gi i g the e efits oted below.  

As for pavements, the most prevalent use for FRC is at toll plazas where nonmetallic fibers are 

used in lieu of metallic reinforcement since they can disrupt electronic toll eade ’s signals. 

 Polymer concrete is part of group of concretes that use polymers to supplement or replace 

cement as a binder. The types include polymer-impregnated concrete, polymer concrete, and 
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polymer-Portland-cement concrete. Polymers in concrete have been overseen by Committee 

548 of the American Concrete Institute since 1971  

Composition 

In polymer concrete, thermosetting resins are used as the principal polymer component due to 

their high thermal stability and resistance to a wide variety of chemicals. Polymer concrete is 

also composed of aggregates that include silica, quartz, granite, limestone, and other high 

quality material. The aggregate must be of good quality, free of dust and other debris, and dry. 

Failure to fulfill these criteria can reduce the bond strength between the polymer binder and 

the aggregate. 

Uses 

Polymer concrete may be used for new construction or repairing of old concrete. The adhesive 

properties of polymer concrete allow repair of both polymer and conventional cement-based 

concretes. The low permeability and corrosive resistance of polymer concrete allows it to be 

used in swimming pools, sewer structure applications, drainage channels, electrolytic cells for 

base metal recovery, and other structures that contain liquids or corrosive chemicals. It is 

especially suited to the construction and rehabilitation of manholes due to their ability to 

withstand toxic and corrosive sewer gases and bacteria commonly found in sewer systems. 

Unlike traditional concrete structures, polymer concrete requires no coating or welding of PVC-

protected seams. It can also be used as a bonded wearing course for asphalt pavement, for 

higher durability and higher strength upon a concrete substrate. 

Polymer concrete has historically not been widely adopted due to the high costs and difficulty 

associated with traditional manufacturing techniques. However, recent progress has led to 

significant reductions in cost, meaning that the use of polymer concrete is gradually becoming 

more widespread.  

Advantages 

Advantages of polymer concrete include: 
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 Rapid curing at ambient temperatures 

 High tensile, flexural, and compressive strengths 

 Good adhesion to most surfaces 

 Good long-term durability with respect to freeze and thaw cycles 

 Low permeability to water and aggressive solutions 

 Good chemical resistance 

 Good resistance against corrosion 

 Lighter weight (only somewhat less dense than traditional concrete, depending on the 

resin content of the mix) 

 May be vibrated to fill voids in forms 

 Allows use of regular form-release agents (in some applications) 

 Dielectric 

Disadvantages 

Product hard to manipulate with conventional tools such as drills and presses due to its 

strength and density. Recommend getting pre-modified product from the manufacturer 

Small boxes are more costly when compared to its precast counterpart however pre cast 

concretes induction of stacking or steel covers quickly bridge the gap. 

 Shotcrete is concrete (or sometimes mortar) conveyed through a hose and pneumatically 

projected at high velocity onto a surface, as a construction technique. It is reinforced by 

conventional steel rods, steel mesh, and/or fibers. Fiber reinforcement (steel or synthetic) is 

also used for stabilization in applications such as slopes or tunneling 

Shotcrete is usually an all-inclusive term for both the wet-mix and dry-mix versions. In pool 

construction, however, the term "shotcrete" refers to wet-mix and "gunite" to dry-mix. In this 

context, these terms are not interchangeable (see "Shotcrete vs. gunite" discussion below). 
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Shotcrete is placed and compacted at the same time, due to the force with which it leaves the 

nozzle. It can be sprayed onto any type or shape of surface, including vertical or overhead 

areas. 

The guniting is the most effective process of repairing concrete work which has been damaged 

due to inferior work or other reasons. It is also used for providing an impervious layer. 

The gunite is a mixture of cement and sand, the usual proportion being 1:3. A cement gun is 

used to deposit this mixture on the concrete surface under a pressure of about 20 to 30 N/cm2. 

 The cement is mixed with slightly moist sand and then necessary water is added as the mixture 

comes out from the cement gun. A regulating valve is provided to regulate the quantity of 

water. 

The surface to be treated is cleaned and washed. The nozzle of gun is generally kept at a 

distance of about 750 mm to 850 mm from the surface to be treated and the velocity of nozzle 

varies from 120 to 160 m/sec. 

Following are the advantages of guniting 

 The high compressive strength is obtained. Strength of about 56 to 70 n/mm2 at 28 days 

is generally obtained. 

 The high impermeability is achieved. 

 The repairs are carried out in any situation in a short time 

  

 Shotcrete vs. gunite 

Shotcrete is an all-inclusive term that describes spraying concrete or mortar with either a dry or 

wet mix process. However, shotcrete may also sometimes be used (incorrectly) to distinguish 

wet-mix from the dry-mix method. The term shotcrete was first defined by the American 

Railway Engineers Association (AREA) in the early 1930s. By 1951, shotcrete had become the 
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official generic name of the sprayed concrete process—whether it utilizes the wet or dry 

process.  

Gunite was, at one time, a trademarked name that specifically refers to the dry-mix shotcrete 

process. In the dry-mix process, the dry sand and cement mixture is blown through a hose using 

compressed air, with water being injected at the nozzle to hydrate the mixture, immediately 

before it is discharged onto the receiving surface. Gunite was the original term coined by 

Akeley, trademarked in 1909 and patented in North Carolina. The concrete mixture is by 

pneumatic pressure from a gun, hence "gun"-ite. 

The term "Gunite" became the registered trademark of Allentown Equipment, the oldest 

manufacturer of gunite equipment. Other manufacturers were thus compelled to use other 

terminology to describe the process such as shotcrete, pneumatic concrete, guncrete, etc. 

Shotcrete has emerged as the all-inclusive industry term to correctly describe "pneumatically 

applied concrete," either by the wet or dry process. The term "Gunite" is a noun (product 

name) and should not be used as a verb (as in, to "gunite" something). According to the 

American Shotcrete Association (ASA), the correct terminology is "shotcrete—wet mix" or 

"shotcrete—dry mix." 

  

Rubble Concrete 

159. Rubble concrete includes any class of concrete in which large stones are placed. The chief 

use of this concrete is in constructing dams, lock walls, breakwaters, retaining walls, and bridge 

piers. 

The cost of rubble concrete in large masses should be less than that of ordinary concrete, as the 

expense of crushing the stone used as rubble is saved, and each large stone replaces a portion 

of cement and aggregate; therefore this portion of cement is saved, as well as the labor of 

mixing it. The weight of a cubic foot of stone is greater than that of an equal amount of 
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ordinary concrete, because of the pores in the concrete; the rubble concrete is therefore 

heavier, which increases its value for certain classes of work. In comparing rubble concrete with 

rubble masonry, the former is usually found cheaper because it requires very little skilled labor. 

For walls 3 or 3 1/2 feet thick, the rubble masonry will usually be cheaper, owing to the saving 

in forms. 

160. Proportion and Size Of Stone 

Usually the proportion of rubble stone is expressed in percentage of, the finished work. This 

percentage varies from 20 to 65 per cent. The percentage depends largely on the size of the 

stone used, as there must be nearly as much space left between small stones as between large 

ones. The percentage therefore increases with the size of the stones. When "one-man" or "two 

men" rubble stone is used, about 20 per cent to 25 per cent of the finished work is composed of 

these stones. When the stones are large enough to be handled with a derrick, the proportion is 

increased to about 33 per cent; and to 55 per cent, or even 65 per cent, when the rubble stones 

average from 1 to 2 1/2 cubic yards each. 

The distance between the stones may vary from 3 inches to 15 or 18 inches. With a very wet 

mixture of concrete, which is generally used, the stones can be placed much closer than if a dry 

mixture is used. With the latter mixture, the space must be sufficient to allow of the concrete 

being thoroughly rammed into all of the crevices. Specifications often state that no rubble 

stone shall be placed nearer the surface of the concrete than 6 to 12 inches. 

161. Rubble Masonry Faces 

The faces of dams are very often built of rubble, ashlar, or cut stone, and the filling between the 

faces made of rubble concrete. For this style of construction, no forms are required. For rubble 

concrete, when the faces are not constructed of stone, wooden forms are constructed as for 

ordinary concrete. 

Comparison Of Quantities Of Materials- 
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-The mixture of concrete used for this class of work is often 1 part Portland cement, 3 parts 

sand, and 6 parts stone. The quantities of materials required for one yard of concrete, 

according to Table VI, are 1.05 bbls. Cement, 0.44 cu. yd. sand, and 0.88 cu. yd. stone. If rubble 

concrete is used, and if the rubble stone laid averages 0.40 cubic yard for each yard of concrete, 

then 40 per cent of the cubic contents is rubble, and each of the other materials may be 

reduced 40 per cent. Reducing these quantities gives 1.05 X 0.60 = 0.63 bbl. of cement; 0.44 X 

0.60 = 0.26 cu. yd. sand; and 0.88 X 0.60 = 0.53 cu. yd. of stone, per cubic yard of rubble 

concrete. 

The construction of a dam on the Quinebaug river is a good example of rubble concrete. The 

height of the dam varies from 30 to 45 feet above bed-rock. The materials composing the 

concrete consist of bank sand and gravel excavated from the bars in the bed of the river. The 

rock and boulders were taken from the site of the dam, and were of varying sizes. Stones 

containing 2 to 2 1/2 cubic yards were used in the bottom of the dam, but in the upper part of 

the dam smaller stones were used. The total amount of concrete used in the dam was about 

12,000 cubic yards. There was 1 1/2 cubic yards of concrete for each barrel of cement used. The 

concrete was mixed wet, and the large stones were so placed that no voids or hollows would 

exist in the finished work 

Concrete resin  

Using concrete resin is much like laying regular concrete. There are many different benefits for 

using concrete resin versus regular concrete. You need to do some research before deciding on 

what type of concrete to use. 

Below you can explore different reasons why and why not to use concrete resin. 

What It Is 

Concrete resin is made up of bits of stone and other agents to make it thicker. It can be used in 

just about anything regular concrete can be used for. This includes walkways, patios, driveways, 

and other areas as well. 
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Preference 

Of course, whether to use resin concrete or not is up to your preference. What you are using 

this for will be your first clue in deciding what to use. Concrete resin looks a bit darker than 

others, and shows few signs of damage when it is used. Resin concrete also maintains its 

original appearance even over long periods of time. This is because resin concrete contains 

ingredients that actually protect against damage in all conditions. 

Cost 

One downfall of resin concrete is the expense. Because of resin concrete's durability, and 

resistance to all types of weather, it comes at a cost. Depending on how you view cost, this 

could be a deal breaker. You need to weigh out all the benefits of resin and then look at the 

cost. If you think you could be replacing your concrete area if you don't use resin concrete, take 

that into consideration when looking at cost. 

Resistant 

Resin concrete is resistant to a lot of things including staining. It is resistant because of the 

ingredients it contains to make up this type of concrete. Many types of weather can damage 

walkways or patios. However, when you are using resin concrete, the ingredients protect and 

resist these types of weather. As stated above, resin concrete maintains its appearance, and 

this is because of the resistance ability it has. 

How to Use 

Resin concrete is used the same as any other type of regular concrete. Sometimes you will find 

that using resin concrete will contain a few more steps in mixing and applying, but the 

procedure is about the same as usual. You obviously will need to follow all the steps you would 

need to follow in laying regular concrete to ensure that it is done correctly. 
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Resin concrete has many benefits, but creating a shorter timed project is not one of them. Just 

make sure to follow all the instructions carefully when you are mixing and laying the resin 

concrete. 

Like stated above, using resin concrete is ultimately a decision based on your preference. There 

is no absolute right or wrong concrete to use for different projects. Just keep in mind the 

information above, and take into consideration what kind of project you are working on. Do 

your research, and you should be on your way to creating a marvelous concrete project 

 

Prestressed concrete is a method for overcoming concrete's natural weakness in tension. It can 

be used to produce beams, floors or bridges with a longer span than is practical with ordinary 

reinforced concrete. Prestressing tendons (generally of high tensile steel cable or rods) are used 

to provide a clamping load which produces a compressive stress that balances the tensile stress 

that the concrete compression member would otherwise experience due to a bending load. 

Traditional reinforced concrete is based on the use of steel reinforcement bars, rebars, inside 

poured concrete. Prestressing can be accomplished in three ways: pre-tensioned concrete, and 

bonded or unbonded post-tensioned concrete.  

 

 Definition of Prestress:  

Prestress is defined as a method of applying pre-compression to control the stresses resulting 

due to external loads below the neutral axis of the beam tension developed due to external 

load which is more than the permissible limits of the plain concrete. The pre-compression 

applied (may be axial or eccentric) will induce the compressive stress below the neutral axis or 

as a whole of the beam c/s. Resulting either no tension or compression.  

 

Basic Concept  
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Prestressed concrete is basically concrete in which internal stresses of a suitable magnitude and 

distribution are introduced so that the stresses resulting from the external loads are 

counteracted to a desired degree.  

Terminology  

1. Tendon: A stretched element used in a concrete member of structure to impart prestress to 

the concrete.  

2. Anchorage: A device generally used to enable the tendon to impart and maintain prestress in 

concrete.  

3. Pretensioning: A method of prestressing concrete in which the tendons are tensioned before 

the concrete is placed. In this method, the concrete is introduced by bond between steel & 

concrete.  

4. Post-tensioning: A method of prestressing concrete by tensioning the tendons against 

hardened concrete. In this method, the prestress is imparted to concrete by bearing.  

Materials for prestress concrete members:  

1. Cement: The cement used should be any of the following  

(a) Ordinary Portland cement conforming to IS269  

(b) Portland slag cement conforming to IS455. But the slag content should not be 

more than 50%.  

(c) Rapid hardening Portland cement conforming to IS8041.  

(d) High strength ordinary Portland cement conforming to IS8112.  

2. Concrete: Prestress concrete requires concrete, which has a high compressive strength 

reasonably early age with comparatively higher tensile strength than ordinary concrete. 

The concrete for the members shall be air-entrained concrete composed of Portland 

cement, fine and coarse aggregates, admixtures and water. The air-entraining feature 

may be obtained by the use of either air-entraining Portland cement or an approved air-

entraining admixture. The entrained air content shall be not less than 4 percent or more 

than 6 percent.  
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Minimum cement content of 300 to 360 kg/m
3 

is prescribed for the durability requirement.  

The water content should be as low as possible.  

 

3. Steel: - High tensile steel, tendons, strands or cables  

 

The steel used in prestress shall be any one of the following:-  

(a) Plain hard-drawn steel wire conforming to IS1785 (Part-I & Part-III)  

(b) Cold drawn indented wire conforming to IS6003  

(c) High tensile steel wire bar conforming to IS2090  

(d) Uncoated stress relived strand conforming to IS6006  

 

High strength steel contains:  

0.7 to 0.8% carbons,  

0.6% manganese,  

0.1% silica  

Durability, Fire Resistance & Cover Requirements for P.S.C Members:-  

According to IS: 1343-1980  

20 mm cover for pretensioned members  

30 mm or size of the cable whichever is bigger for post tensioned members.  

If the prestress members are exposed to an aggressive environment, these covers are increased 

by another 10 mm.  

Necessity of high grade of concrete & steel:  

Higher the grade of concrete higher the bond strength which is vital in pretensioned concrete, 

Also higher bearing strength which is vital in post-tensioned concrete. Further creep & 

shrinkage losses are minimum with high-grade concrete.  
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Generally minimum M30 grade concrete is used for post-tensioned & M40 grade 

concrete is used for pretensioned members. The losses in prestress members due to various 

reasons are generally in the range of 250 N/mm
2 

to 400 N/mm
2

. If mild steel or deformed steel 

is used the residual stresses after losses is either zero or negligible. Hence high tensile steel 

wires are used which varies from 1600 to 2000 N/mm
2

.  

Advantage of Prestressed Concrete  

1. The use of high strength concrete and steel in prestressed members results in lighter and 

slender members than is possible with RC members.  

2. In fully prestressed members the member is free from tensile stresses under working 

loads, thus whole of the section is effective.  

3. In prestressed members, dead loads may be counter-balanced by eccentric prestressing.  

4. Prestressed concrete member possess better resistance to shear forces due to effect of 

compressive stresses presence or eccentric cable profile.  

5. Use of high strength concrete and freedom from cracks, contribute to improve durability 

under aggressive environmental conditions.  

6. Long span structures are possible so that saving in weight is significant & thus it will be 

economic.  

7. Factory products are possible.  

8. Prestressed members are tested before use.  

9. Prestressed concrete structure deflects appreciably before ultimate failure, thus giving 

ample warning before collapse.  

10. Fatigue strength is better due to small variations in prestressing steel, recommended to 

dynamically loaded structures.  
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Disadvantages of Prestressed Concrete  

1. The availability of experienced builders is scanty.  

2. Initial equipment cost is very high.  

3. Availability of experienced engineers is scanty.  

4. Prestressed sections are brittle  

5. Prestressed concrete sections are less fire resistant.  

 

Classifications and Types  

Prestressed concrete structures can be classified in a number of ways depending upon the 

feature of designs and constructions.  

1. Pre-tensioning: In which the tendons are tensioned before the concrete is placed, tendons 

are temporarily anchored and tensioned and the prestress is transferred to the concrete after it 

is hardened. 89  

2. Post-tensioning: In which the tendon is tensioned after concrete has hardened. Tendons are 

placed in sheathing at suitable places in the member before casting and later after hardening of 

concrete.  

The various methods by which pre-compression are imparted to concrete are classified as 

follows:  

1. Generation of compressive force between the structural elements and its abutments 

using flat jack.  

2. Development of hoop compression in cylindrically shaped structures by circumferential 

wire binding.  

3. Use of longitudinally tensioned steel embedded in concrete or housed in ducts.  

4. Use of principle of distortion of a statically indeterminate structure either by 

displacement or by rotation of one part relative to the remainder.  
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5. Use of deflected structural steel sections embedded in concrete until the hardening of 

the latter.  

6. Development of limited tension in steel and compression in concrete by using expanding 

cements.  

 

The most widely used method for prestressing of structural concrete elements is longitudinal 

tensioning of steel by different tensioning devices. Prestressing by the application of direct 

forces between abutments is generally used for arches and pavements, while flat jacks are 

invariably used to impart the desired forces.  

Heat resistance concrete 

 The behavior of concrete exposed to high temperatures is complex. Concrete pavement 

exposed to high temperatures from aircraft jet blast or from auxiliary power units can suffer 

damage. Typical concrete pavement damage resulting from high temperatures of jet blast 

includes spalling, aggregate popouts, scaling, cracking, and loss of joint sealant. The time that 

the concrete is exposed to the jet engine or auxiliary power unit exhaust is critical, since there is 

considerable thermal lag in concrete. 

Behavior of concrete  

If the concrete is wet when the heat is suddenly applied, the production of steam within the 

concrete can cause spalling. If the concrete is dry or the heat is applied slowly, relatively little 

permanent damage is done with concrete temperatures up to 400 to 500 degrees Fahrenheit 

(204 to 260 degrees Celsius). At concrete temperatures above this, water of hydration is lost, 

and the concrete strength decreases. At about 1,000 degrees Fahrenheit (538 degrees Celsius), 

compressive strength loss can be 55 to 80 percent of the original strength. At the time of 

heating, the degree of saturation of the concrete influences the severity of strength loss, and 

repetitions of heating and cooling cycles further degrade the concrete. At a temperature of 

around 1,060 degrees Fahrenheit (571 degrees Celsius), silica in the concrete aggregates 

undergoes a crystal change and expands, and in the range of 1,300 to 1,800 degrees Fahrenheit 

(704 to 982 degrees Celsius), carbonate aggregates undergo a chemical change. As the concrete 
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surface is heated, a large temperature gradient develops between the surface concrete and the 

cooler slab depths that can lead to separation and spalling. 

Properly designed pavements generally have not suffered heat damage from aircraft. Power 

check pads where extensive engine operations occur for maintenance are specially detailed to 

i i ize the e haust plu e’s o ta t ith the pa e e t su fa e. Whe e e isti g pa e e ts, 

particularly if at a shallow slope, are converted to use as power check pads, extensive thermal 

damage can occur. Particular problems are posed by aircraft with vectored thrust such as the 

Na ’s Ha ie  o  ai aft su h as the B-1 or FA-18 with auxiliary power units that exhaust 

downward on the pavement for extended periods of time. AFCESA and TSMCX should be 

consulted for the most up-to-date guidance on how to deal with these problems. 

Exposure Time and Temperature. 

Concrete slabs exposed to an ASTM E119 standard fire for 2 hours indicated that after the 

temperature of the concrete at about 3/4 inch (19 millimeters) below the surface was 1,200 

degrees Fahrenheit (649 degrees Celsius), at 1 1/2 to 2 inches (38 to 51 millimeters) it was 800 

degrees Fahrenheit (427 degrees Celsius), and at about 3 1/2 inches (89 millimeters) it was 400 

degrees Fahrenheit (204 degrees Celsius). (The atmosphere temperature for a standard ASTM 

E119 fire rises to 1,000 degrees Fahrenheit (538 degrees Celsius) at 5 minutes, 1,700 degrees 

Fahrenheit (927 degrees Celsius) at 1 hour, and 2,300 degrees Fahrenheit (1,260 degrees 

Celsius) at 8 hours.) Normally concrete would not be exposed to jet or auxiliary power unit 

exhaust for extended periods of time, and any thermal damage will be concentrated in the 

upper surface concrete. Concrete exposed to high temperatures must be of high quality. It 

should have a low water/cement ratio, and it must be properly cured. Leaner concrete mixes 

perform better than richer mixes. Construction must also be of high quality. Proper 

consolidation and proper finishing are critical. Finishing techniques that cause a paste on the 

surface will result in scaling. Selection of the proper materials in the concrete also has a 

dramatic effect on heat resistance. Aggregate selection probably is the most important single 

materials-related factor; however, no standard specification has been developed for heat-

resistant aggregate. 
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An aggregate with a low coefficient of thermal expansion is generally considered to be 

desirable, and one rating system roughly groups aggregates as follows in descending order of 

desirability for heat-resistant concrete, as shown in Table 1. 

Aggregate Performances.  

Lightweight aggregates such as expanded shale tend to perform better than conventional 

natural concrete aggregates when exposed to high temperatures. Good results have also been 

reported for air-cooled slag aggregates. Hydrated Portland cement that has lower calcium 

hydroxide content appears to be preferable to those with higher contents for high-temperature 

applications. Therefore, some benefit may be obtained by using Portland cement blended with 

slag cement. For temperatures of 1,500 degrees Fahrenheit (816 degrees Celsius) or more, high 

alumina cement will provide superior performance over conventional Portland cement. Repair 

of concrete that has suffered thermal damage is a difficult problem. Proper patching 

procedures for spalls and pop outs must be meticulously followed, and the repair material 

should have similar thermal characteristics to the original concrete. Even so, the repairs may 

only be temporary. Overlays using heat resistant concrete are a potential repair for scaled areas 

or for areas with concrete of poor heat resistance. If scaling is due to a paste on a concrete 

surface that is otherwise acceptable, grinding the surface may be adequate. Joint sealant used 

in concrete pavements exposed to high temperatures should conform to Federal Specification, 

SS-S-200E. This specification does require testing of the material at 500 degrees Fahrenheit 

(260 degrees Celsius) for 2 minutes so that some resistance to high temperatures can be 

achieved. However, when high temperatures are combined with jet blast, the sealant may still 

be damaged or blown out of the joint. Under these circumstances, increased periodic resealing 

must be accepted as routine maintenance. Conventional concrete and joint sealants should 

provide reasonable service up to concrete temperatures of about 500 degrees Fahrenheit (260 

degrees Celsius) 

Mass concrete – is defi ed  A e i a  Co ete I stitute Co ittee  as a  olu e of 

concrete with dimensions large enough to require that measures be taken to cope with the 

generation of heat from hydration of cement and attendant volume change to minimize 

cracki g.  
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As interior temperature of mass concrete rises due to the process of cement hydration, the 

outer concrete may be cooling and contracting. If the temperature differs too much within the 

structure, the material can crack. The main factors influencing temperature variation in the 

mass concrete structure are: the size of the structure, the ambient temperature, the initial 

temperature of the concrete at time of placement and curing program, the cement type, and 

the cement contents in the mix. 

Mass concrete structures include massive mat foundations, dams, and other concrete 

structures that minimum dimension exceeds 3 feet. 

Mass concrete can be defined as any large volume of cast-in-place concrete with dimensions 

large enough to require measures to cope with the generation of heat and attendant volume 

change to minimize cracking. 

Like regular concrete, mass concrete too is primarily composed of cement, aggregate, and 

water. 

Additionally, it has pozzolans and other admixtures to improve its characteristics. Proper 

proportioning of mass concrete mixture is aimed at: 

1. Achieving economy, 

2. Low temperature-rise potential with adequate workability for placing, 

3. Adequate strength, durability, and impermeability to serve efficiently the structure in 

which it is used 

 For this purpose, "low heat" Portland cement would always be preferred for massive structures 

such as dams. Obviously, both economy and low rise in temperature would be achieved by 

limiting the cement content of mass concrete to as low a value as possible. Aggregate grading 

has considerable effect on the workability of concrete. Fine aggregate is defined as aggregate 

passing No. 4 (4.76 mm) sieve. It may be composed of natural grains, manufactured grains 

obtained by crushing larger size rock particles, or a mixture of the two. 
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Fine aggregate should consist of hard, dense, durable, and un coated rock fragments, and 

should not contain harmful grains of clay, silt, dust, mica, organic matter or other impurities to 

such an extent that they affect adversely the desired properties of concrete. Coarse aggregate 

is defined as gravel, crushed gravel, or a crushed rock, or a mixture of these, generally within 

the range of 4.76 mm to 150 mm in size. Coarse aggregate should also consist of hard, dense, 

durable, and un-coated rock fragments. Rock which is very fragile or which tends to degrade 

during processing, transporting, or in storage should be avoided. Further, rocks having 

absorption greater than 3 per cent or a specific gravity less than 2.5 are not considered suitable 

for mass concrete. 

The shape of the aggregate particles affects workability and, hence, water requirement. Round 

particles provide best workability. More than 25 per cent of flat (width-thickness ratio greater 

than 3) and elongated (length-width ratio greater than 3) particles should not be permitted in 

each size group. Water used for preparing mass concrete mix should neither significantly affect 

the hydration reaction of Portland cement nor interfere with the phenomena that are intended 

to occur during the mixing, placing, and curing of concrete. Water which is suitable for human 

consumption is acceptable for use in mass concrete. 

 Mass concrete is extensively being used in the construction industry all over the world. A lot of 

research work has been done on behavior of mass concrete all over the world however there is 

still a need of further evaluation especially in hot climates. According to ACI 116R,1 any volume 

of concrete with dimensions large enough to require that measures be taken to cope with 

generation of heat from hydration of the cement and attendant volume changes, to minimize 

cracking is categorized as mass concrete. Traditionally mass concrete has been associated with 

dams and other extremely large placements but this is no longer the case. Use of concrete with 

high cement contents for durability and rapid strength gain demands to treat increasing 

number of placements as a Mass Concrete. A successful completion of mass concrete pour 

demands special attention to the logistical and technical considerations like Concrete supply, 

Casting sequence, Cold joints, Plastic settlement and Heat of Hydration. One of the major 

benefits of mass concreting is cost effective as it reduces stop ends and speed up construction. 

Moreover the elimination of potential cracks at construction joints results in a monolithic unit. 
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Continuous casting also takes advantage of the ability of ready-mixed concrete companies to 

supply concrete at high delivery rates. All concretes generate heat as the cementitious 

materials hydrate and an exothermic reaction occurs. Most of this heat generation occurs in the 

first few days after placement. For thin items such as pavements, thin slabs and walls, heat 

dissipates almost as quickly as it is generated. However for thicker concrete sections (mass 

concrete), heat dissipates more slowly than it is generated and the temperature of the mass 

concrete increases. Significant Tensile stresses in mass concrete are developed from volume 

changes associated with Heat of Hydration. If proper measures are not taken, cracking due to 

thermal behavior may occur in mass concrete which may cause: 

1. Loss of structural integrity and monolithic action, 

2. Excessive seepage 

3. Shortening of the service life of the structure, 

4. Esthetically objectionable 

5. Worst effect can occur in Dams and other Hydraulic Structures where cracks are more 

objectionable. There are various factors which effect Heat of Hydration like cement content, 

cement type, size of concrete pour, type of formwork, concrete temperature, thermal 

coefficient of aggregates and ambient temperature. Generally higher the cement content, the 

more will be heat of hydration. To predict concrete temperature, a simplest method (described 

in a PCA document.3) can be used according to which every 45 kg of cement increase the 

temperature of concrete 70 C. using this method, the maximum concrete temperature of a 

concrete element that contains 365 kg/m3 of concrete (as in case of Raft at a Case Study 

project) and is cast at 300C, is approximately 860C which is above the safe limit (650C). There 

a e so e othe  ethods like Fitz Gi o  ethod, “ h idt’s method etc and software has also 

been developed for more accuracy and precision which can be used for 1, 2, and 3 dimensional 

analyses to predict maximum concrete temperatures and temperature differences. Similarly 

there are various methods of controlling temperatures in mass concrete like use of low-heat 

Materials (replacement of cement with Pozzolanic Materials or Slag), pre-cooling of concrete 

ingredients, cooling arrangements during pouring, post-cooling of concrete, concrete surface 

insulation and using aggregates with low thermal expansion-e.g Limestone.  

(i) White Cement 
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The cement when made free from colouring oxides of iron, maganese and chlorium results into 

white cement. In the manufacture of this cement, the oil fuel is used instead of coal 

for burning. White cement is used for the floor finishes, plastering, ornamental works etc. In 

swimming pools white cement is used to replace glazed tiles. It is used for fixing marbles and 

glazed tiles. 

(ii) Coloured Cement 

The cements of desired colours are produced by intimately mixing pigments with ordinary 

cement. The chlorium oxide gives green colour. Cobalt produce blue colour. Iron oxide with 

different proportion produce brown, red or yellow colour. Addition of manganese dioxide gives 

black or brown coloured cement. These cements are used for giving finishing touches to floors, 

walls, window sills, roofs etc. 

(iii) Quick Setting Cement 

Quick setting cement is produced by reducing the percentage of gypsum and adding a small 

amount of aluminium sulphate during the manufacture of cement. Finer grinding also adds to 

quick setting property. This cement starts setting within 5 minutes after adding water and 

becomes hard mass within 30 minutes. This cement is used to lay concrete under static or 

slowly running water. 

(iv) Rapid Hardening Cement 

This cement can be produced by increasing lime content and burning at high temperature while 

manufacturing cement. Grinding to very fine is also necessary. Though the initial and final 

setting time of this cement is the same as that of portland cement, it gains strength in early 

days. This property helps in earlier removal of form works and speed in construction activity. 

(v) Low Heat Cement 

In mass concrete works like construction of dams, heat produced due to hydration of cement 

will not get dispersed easily. This may give rise to cracks. Hence in such constructions 

it is preferable to use low heat cement. This cement contains low percentage (5%) of tricalcium 

aluminate (C3A) and higher percentage (46%) of dicalcium silicate (C2S). 

(vi) Pozzulana Cement 

Pozzulana is a volcanic power found in Italy. It can be processed from shales and certain types 

of clay also. In this cement pozzulana material is 10 to 30 per cent. It can resist 

action of sulphate. It releases less heat during setting. It imparts higher degree of water 

tightness. Its tensile strength is high but compressive strength is low. It is used for mass 

concrete works. It is also used in sewage line works. 

(vii) Expanding Cement 

This cement expands as it sets. This property is achieved by adding expanding medium like 

sulpho aluminate and a stabilizing agent to ordinary cement. This is used for filling the cracks in 

concrete structures. 
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(viii) High Alumina Cement 

It is manufactured by calcining a mixture of lime and bauxite. It is more resistant to sulphate 

and acid attack. It develops almost full strength within 24 hours of adding 

water. It is used for under water works. 

(ix) Blast Furnace Cement 

In the manufacture of pig iron, slag comes out as a waste product. By grinding clinkers of 

cement with about 60 to 65 per cent of slag, this cement is produced. The properties of this 

cement are more or less same as ordinary cement, but it is cheap, since it utilize waste product. 

This cement is durable but it gains the strength slowly and hence needs longer period of curing. 

(x) Acid Resistant Cement 

This cement is produced by adding acid resistant aggregated such as quartz, quartzite, sodium 

silicate or soluble glass. This cement has good resistance to action of acid 

and water. It is commonly used in the construction of chemical factories. 

(xi) Sulphate Resistant Cement 

By keeping the percentage of tricalcium aluminate C3A below five per cent in ordinary cement 

this cement is produced. It is used in the construction of structures 

which are likely to be damaged by alkaline conditions. Examples of such structures are canals, 

culverts etc. 

(xii) Fly Ash Blended Cement 

Fly ash is a byproduct in thermal stations. The particles of fly ash are very minute and they fly in 

the air, creating air pollution problems. Thermal power stations have to spend lot of money to 

arrest fly ash and dispose safely. It is found that one of the best way to dispose fly ash is to mix 

it with cement in controlled condition and derive some of the beneficiary effects on cement. 

Now-a-days cement factories produce the fly ash in their own thermal stations or borrow it 

from other thermal stations and further process it to make it suitable to blend with cement. 20 

to 30% flyash is used for blending. Fly ash blended cements have superior quality of resistance 

to weathering action. 
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