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UNIT III 

MATEIALS FOR REPAIR 

Special concretes and mortar, concrete chemicals, special elements for accelerated strength 

Gain, Expansive cement, polymer concrete, sulphur infiltrated concrete, ferro cement, Fibre 

Reinforced concrete. 
 

3.1 Special concrete and mortar 
 

 High Aluminates Cement Concrete 

 Shrinkage Compensated Concrete 

 Polymer Cement concrete 

 Polymer Impregnsed Concrete 

 Epoxy Concrete 

 Latex modified concrete 
 

3.2 Necessity of adding concrete chemicals 
 

 To improve the performance of concrete 

 To have the early strength gain as early as possible 

 To accelerated the setting time of concrete 

 To make the structure waterproof 
 

3.3 special elements for accelerated strength 

In repairs of certain structures, particularly roadways and bridges, it may be desired that early 

strength gain should be rapid as possible. The engineer may, as a first approach, consider using 

admixtures, so that ordinary types of Portland cement can be used. The chief chemical admixture 

Now used for this purpose is Super plasticizer of one type or another. Formerly, high doses of 

calcium chloride were advocated, but this producer has been rejected on the basis of corrosion, 

problems associated with calcium chloride were advocated, but this procedure has been rejected on 

the basis of corrosion, problems associated with calcium chloride use. The time of setting of 

Portland cement concrete and its strength gain may be shortened by the use of calcium aluminates 

cement, because of problems associated with the conversion under hot humid conditions, of the 

calcium aluminates hydrates from one from to another, and the resultant strength losses, other  

types of cements have been preferred. 

Regulated set cement is a modified Portland cement, which contains a substantial amount of 

calcium fluro-aluminate. This cement contains a substantial amount of fluorite as a substitute for 

limestone. The burning process is not without problems, due to the release of small amount of 

fluoro compounds. 
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When prepared and ground, the initial and final set of this type of cement occurs almost 

simultaneously, and therefore the time between mixing and set is often referred to as the handling 

time. 

As a rule, this varies between 2 and 45minutes. The strength level is adjusted by controlling the 

amount of calcium fluoro-alminate in the cement. The time of set 

Is reduced, and compressive strength gain increased in regulated cement mortars and concrete by 

an increase in the cement content of mix, reduction of the w/c ratio, increased temperature of the 

mix and increase in curing temperature. The chemical reactions of this type of cement are much 

more energetic, than those of Portland cements. For that reason, retardation is necessary. 

Conventional retarders for Portland cement are not effective in controlling the set of regulated set 

cement. However, citric acid is used in the mix as a retarder. Where practical, the setting action 

can be effectively controlled by reducing the mix temperature. Such reductions in the temperature 

of the mix are also advantageous, as the heat of hydration is considerably higher than that of 

Portland cement concrete. For this reasons, all exposed surfaces of newly placed regulated set 

Portland cement concrete must be protected from moisture loss. Chlorinated rubber, butadiene 

styrene sealing as well as polyethylene sheets or wet burlap are recommended for this purpose. 

Special cements based on chemical reactions, which are completely different from those of normal 

Portland or similar cements, are now part of the technology. These include fast-setting magnesium 

phosphate and aluminum-phosphate cements, which used for concrete patching of pavements, 

allow traffic flow after only 45 minutes. 

3.4 Expansive cement 

Expansive cement, when mixed with water, forms a paste that, after setting, tends to increase in 

volume to a significantly greater degree than Portland cement paste. This expansion may be used 

to compensate for the volume decrease due to shrinkage, or to induce tensile stress in 

reinforcement. 

Types of Expansive cements: 

Type K: 

An expansive cement containing anhydrous tetra calcium alumino-sulphate, which is burnt 

simultaneously with a Portland cement composition, or burnt separately, when it is to be 

interground with Portland cement clinker or blended with Portland cement, calcium sulphate and 

free lime. 

Type M: 

It is a mixture of Portland cement, calcium-aluminate cement and calcium sulphate 

Type S: 

It is a Portland cement, containing a large compound of tricalcium-aluminate content and modified 

by an excess of calcium sulphate, above the usual optimum content. 
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In all cases, the specific surfaces or fineness of expansive cement has a major influence on its 

expansion characteristics. 

The increase in specific surface accelerates very early formation of ettingite in the plastic mix, and 

as a result, with the increase in the specific surface for a given sulphate content, the amount of 

expansion decreases with increasing surface area. 

3.5 polymer concrete 

Polymers are used in the production of 3 types of polymer concrete composites: polymer- 

impregnated concrete (PIC), polymer concrete (PC, polymer Portland cement concrete (PPCC). 

Polymer concrete is formed by polymerizing a monomer, mixed with aggregate at ambient 

temperature, using curing agents or a chemical catalyst. Just as cement is used as a binder in 

cement concrete. Monomer or resin is added to bind preheated aggregates consisting of course fine 

ultrafine and other aggregates. The commonly used binders are styrene, methyl-methacrylate, 

polyesters and epoxies. 

In the prepack method, graded dry aggregates are packed in the moulds, and polymer is poured  

into the voids, if necessary by vacuum process. 

In the premix method, polymer and aggregates are mixed in conventional mixers and mix 

transferred to moulds. The mix is vibrated for compaction. 

Properties 

They are highly resistant to chemical attack, freeze and thaw. Permeability a 

nd absorption ids almost zero. 

Application 

Even though the initial cost is high, the material cost efficiency is estimated to be 400% compared 

to ordinary cement concrete. Hence they are used to manufacture polybeton pipes for carrying 

chemicals in industries. 

Polymer concrete has been used for surface patching and full depth patches of bridge decks, as for 

example, the work on the Major Degan Expressway in New York City. Manufacture of wall panels 

and pipes are other uses, to which this material has been put. It has been used as a corrosion- 

resistant pipe liner, and could be used as such in repair procedures. 

3.6 Sulphur – Inflitrated Concrete 

 
New types of composites have been produced by the recently developed techniques of 

impregnating porous materials like concrete with sulphur. Sulphur impregnation has shown great 

improvement in strength. Physical properties have been found to improve by several hundred per 

cent and large improvements in water impermeability and resistance to corrosion gave also been 

achieved. 
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In the past, some attempts have been made to use sulphur as a binding material instead of 

cement. Sulphur is heated to bring it not molten condition to which condition to which coarse and 

fine aggregates are poured and mixed together 

. On cooling, this mixture gave fairly good strength, exhibited acid resistance and also other 

chemical resistance, but it proved to be costlier than ordinary cement concrete. 

Recently, use of sulphur was made to impregnate lean porous concrete to improve its 

strength and other useful properties considerably. In this method, the quantity of sulphur used is 

also comparatively less and thereby the processes is made economical. It is reported that 

compressive strength of about 100 MPa could be achieved in about 2 days time. The following 

procedures have been reported in making sulphur-infiltrated concrete. 

A coarse aggregate of size 10 mm and below, natural, well graded, fine aggregate and 
commercial sulphur of purity 99.9 per cent are used. A large number of trail mixes are made to 
determine the best mix proportions. A water/cement ratio of 0.7 or over has been adopted in all the 
trials. A number of 5 cm cubes, 7.5 cm x 15 cm cylinders and also 10 mm x 20 cylinders are cast 
from each batch of concrete. These samples are stored under wet cover for 24 hours, after which 
they are removed from moulds and the densities determined. Control specimens are moist cured at 

24
0
C for 26 hours. 

Two procedures are adopted. In procedure “A” after 24 hours of moist curing, the specimen 

is dried in heating cabinet for 24 hours at 121
0
C. Then the specimen are placed in a contained of 

molten sulphur at 121
0
C for 3 hours. Specimens are removed from the container, wiped clean of 

sulphur and cooled to room temperature for one hour and weighed to determine the weight of 
sulphur infiltrated concrete. 

In procedure “B” the dried concrete specimen is placed in an airtight container and 

subjected to vacuum pressure of 2mm mercury for two hours. After removing the vacuum, the 

specimens are soaked in the molten sulphur at atmospheric pressure for another half an hour. The 

specimen is taken out, wiped clean and cooled to room temperature in about one hour. The 

specimen is wighed and the weight of sulphur-impregnated concrete is determined. 

The specimens made adopting procedure A and B tested by compression and splitting 

tension tests. It is seen that the compression strength of sulphur-infiltrated cubes and cylinders are 

enormously greater than the strength of plain moist cured specimen. It is found that when 

water/cement ratio of 0.7 is adopted an achievement of about 7 fold increase in the strength of the 

test cube when procedure B is adopted and five-fold increase in strength when procedure A is 

adopted was obtained. When water/cement ratio 0.8 is adopted, procedure B gave about a tenfold 

increase in strength. 

Similarly, the sulphur-infiltrated concrete showed more than four times increase in splitting 

tensile strength when procedure B was adopted. 

It was also found that the elastic properties of sulphur-infiltrated concrete have been 

generally improved 100 per cent and also sulphur-infiltrated specimen showed a very high 

resistance to freezing and thawing. When the moist cured concrete was disintegrated after about 40 

cycles, the sulphur impregnated concrete was found to be in fairly good condition, even after 1230 

cycles, when procedure b was adopted and the sample deteriorated after 480 cycles when the 
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sample was made by procedure A. table 12.8 and table 12.9 show the typical values of strength test 

conducted. 

The improvement in strength test attributed to the fact that porous bodies having randomly 

distributed pores have regions of stress concentration when loaded externally.  The impregnation 

of a porous body by some material would modify these stress concentrations. The extent of 

modification will depend on how well the impregnant has penetrated the smaller pores. 

Application of Sulphur – Infiltrated concrete 

The sulphur-infiltration can be employed in the precast industry. This method of achieving 

high strength can be used in the manufacture of pre-cast roofing elements, fencing posts. Sewer 

pipes, and railway sleepers, sulphur-infiltrated concrete should find considerable use in industrial 

situations. Where high corrosion resistant concrete is required. This method cannot be 

conveniently applied to cats-in place concrete. 

Preliminary studies have indicated that sulphur-infiltrated precast concrete units are 

cheaper than commercial concrete. The added cost of sulphur and process should be offset by 

considerable savings in concrete. 

The techniques are simple, effective and inexpensive. The tremendous strength gained in 

pressure application, where in immersion accompanied by evacuation may also offset the extra 

cost. The attainment of strength in about two days time makes this process all the more attractive. 

3.7 Ferro cement 

 
Ferro cement technique, though of recent origin, have been extensively used in many countries, 

notably in U.K. There is a growing awareness about the advantages of this technique, all over the 

world. It is well known that conventional reinforced concrete members are too heavy, brittle, 

cannot be satisfactorily repaired if damaged, develop cracks and reinforcements are liable to be 

corroded. The above disadvantages of normal concrete make it efficient for certain types of work. 

Ferro cement is a relatively new material, consisting of wire meshes and cement mortar. This 

material was developed by P.L.Nervi, an Italian architect and engineer, in 1940. It consists of 

closely spaced wire meshes, which are impregnated with rich cement mortar mix. The wire mesh is 

usually of 0.5 to 1.0mm dia wire at 5mm to 10mm spacing, and cement mortar is of cement sand 

ratio of 1:2 with water/cement ratio of 0.4 to 0.45. The ferrocement elements are usually of the 

order of 2 to 3cm in thichness with 2 to 3mm external cover, to the reinforcement. 

The steel content varies between 300Kg to 500kg per cubic meter of mortar. The basic idea behind 

this material is that, concrete can undergo large strains in the neignbourhood of the reinforcement, 

and the madnitude of strains depends on the distribution and subdivision of reinforcement, 

throughout of the mass of concrete. 

Ferrocement is widely accepted in UK as about building material. It has also found various other 

interesting civil engineering applications. The main advantages are simplicity of its construction, 

lesser weight of the elements due to their small thickness, its high tensile strength, less crack 

widths compared to conventional concrete, easy repairability, non-corrosive nature and easier 

mould ability to any required shape. 
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There is also saving in basic materials namely, cement and steel. This material is more suitable to 

special structures like shells, which have strength through forms and structures like roofs, silos, 

water tank and pipe lines. 

The material is under active research in various countries, and attempts are being made to give a 

sound theoretical backing to establish the material behavior. This is a highly suitable material for 

precast products, because of its easy adaptability to prefabrication and lesser dad weight of the 

units cast. The development of ferro-cement depends on suitable casting techniques for the 

required shape. Development of proper prefabrication techniques for ferro-cement is still not a 

widely explored area, and gap needs to be filled. 

3.8 Fiber Reinforced Concrete 

 
Plain concrete possess a very low tensile strength, limited ductility and little resistance to 

cracking, Internal micro – cracks are inherently present in the concrete and its poor tensile strength 

is due to the propagation of such micro –cracks eventually leading to brittle fracture of the 

concrete. 

In the past, attempts have been made to impart improvement in tensile properties  to 

concrete in embers, by way if using conventional reinforced steel bars and also applying  

restraining techniques, although both these methods provide tensile strength to the concrete 

members, they however, do increase the inherent Leslie strength concrete itself. 

In plain concrete and similar brittle materials, structural cracks develop even before loading, 

particularly due to drying shrinkage or other causes of volume changes. The width of these initial 

cracks seldom exceeds a few microns, but their other two dimensions may be higher magnitude 

When loaded, the micro cracks propagate open up, and owing to the effect of stress 

concentration additional cracks form in places of motion defects. The structural cracks proceed 

slowly or by liny jumps, because they are retarded by various obstacles, changes of direction in 

bypassing the more resistant grains in matrix. The development of such micro –cracks is the main 

cause of ineleastic deformation in concrete. 

It has been recognized that the addition of small, closely spaced and uniformly dispersed 

fibres to concert would act as crack arrester, and would subliminally improve its statie  and 

dynamic properties. This type of concrete is known as Fibre Reinforced concrete. \ FRC can 

be defined as a composite material, consisting of mixtures of cement, mortar or concrete and 

discontinuous, discrete, uniformly dispersed suitable fibres. Continuous meshes woven fabrics and 

long wires or rods are not considered to be discrete fibres. 

Fibre is a small piece of reinforcing material, possessing certain characteristic properties, 

they can be circular or flat. The fibre is often described by a convenient parameter called „aspect 

ratio‟. The aspect ratio of the fibre is the true ratio of its diameter. Typical aspect ratio runges from 

30 to 150. 
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Steel fibre is one of the most commonly used generally, round fibres are used. The 

diameter may very from 0.25 to 0.75mm. 

The steel fibre is likely to get rusted and lost some of its strengths. But investigations 

have shown that the rusting of fibres tacks place only at the surface. Use of steel fibres 

makes significant improvements in flexural, impact and fatigue strength of concrete. It has 

been extensively used in various types of structures, particularly for overlays of roads, 

airfield pavements and bridge decks. Thin shells and plates have also been contracted 

using steel fibres. 

Polypropylene and Nylon fibres are found to be suitable to increase the impact 

strength. They possess very high tensile strength, but their low modules of electricity and 

higher elongation do not contribute to the flexural strength. 

Glass fibre is a recent introduction in making fibre concrete. It has very tensile 

strength 1020 t 4080 N/mm. Glass fibre, which is originally used in conjunction with 

cement was found to be affected by alkaline condition of cement. Therefore, alkali-

resistant glass by tradename „CEM- FIL‟ has been developed and used. The alkali 

resistant fibre reinforced concrete shows considerable improvement in durability when 

compared to the conventional E –Glass fibre. 

Carbon fibres, perhaps possess very high tensile strength -2110 to 2815 N/mm and 

Young‟s Modulus. It has been reported that cement composite made with carbon fibre, as 

reinforcement, will have very high modulus of Elaticity and flexural strength. The limited 

studies have shown good durability. The use of carbon fibres for structure like cladding, 

panels and shells will have promising future. 
 


