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ABSTRACT 

Conventional concrete is good in compression and weak in tension. The conventional concrete is easily gets 

cracked, when subjected to environmental conditions. To perform the biological repair of the self-healing 

bacteria are added to the concrete. The self-healing bacteria such as Bacillus Subtilis are used in this research. 

They are calcite forming bacteria, creates precipitates in the cracks, when react with water. The waste materials 

are also used in this experiment to make the construction economical. The replacement of cement with fly ash 

and sand with brick powder is used in concrete. M30 concrete and Fe415 steel are used in this research. The 

replacements of the materials of 0%, 15%, 30%, and addition of the self-healing bacteria as an admixture are 

going to be done in this research. The specimens of these various proportions are going to cast and compare the 

results with the conventional concrete are to be done. The aim of this research is to make a crack proof concrete 

with economic aspects. The use of waste material makes the cost reduction and waste reduction. The 

introduction of the self-healing bacteria in this research gives biologically crack proof concrete. 

Key words:Biologically crack proof concrete,calcite,and self-healing bacteria. 

I.INTRODUCTION 

1.1 GENERAL 

Concrete is the most widely used construction material because of its high compressive strength, relatively low 

cost etc.One adverse property of concrete is its sensitivity to crack formation as a consequence of its limited 

tensile strength. For that reason, concrete is mostly combined with steel reinforcement to carry the tensile loads. 

Although these rebars restrict the crack width, they are mostly not designed to completely prevent crack 

formation. Cracks endanger the durability of concrete structures as aggressive liquids and gasses may penetrate 

into the matrix along these cracks and cause damage. Consequently, cracks may grow wider and the 

reinforcement may be exposed to the environment. Once the reinforcement starts to corrode, total collapse of the 

structure may occur. Therefore, it seems obvious that inspection, maintenance and repair of concrete cracks are 

all indispensable. However, crack repair becomes difficult when cracks are not visible or accessible. Moreover, 

in Europe, costs related to repair works amount to half of the annual construction budget. In addition to the 
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direct costs, also the indirect costs due to loss in productivity and occurrence of traffic jams carry a severe 

economic penalty. Accordingly, self-healing of cracked concrete would be highly beneficial. Self-healing is 

actually an old and well known phenomenon for concrete as it possesses some natural autogenous healing 

properties. However, autogenous healing is limited to small cracks, is only effective when water is available and 

is difficult to control 

Concrete is a construction material that is used world-wide because of its first-rate properties. However, the 

drawback of this material is that it easily cracks due to its low tensile strength. It is a well-known fact that 

concrete structures are very susceptible to cracking which allows chemicals and water to enter and degrade the 

concrete, reducing the performance of the structure and also requires expensive maintenance in the form of 

repairs. In this paper, the following notable points regarding classification of bacteria, self healing of cracks in 

concrete, chemical process for crack remediation, self-healing mechanism of bacteria, application of bacteria in 

construction field, Advantages and disadvantages of bacterial concrete etc., are observed and identified from the 

other research works. Cracking in the surface layer of concrete mainly reduces its durability, since cracks are 

responsible for the transport of liquids and gases that could potentially contain deleterious substances. On the 

other hand the concrete structures show some self- healing capacity, i.e. the ability to heal or seal freshly formed 

micro-cracks. 

Traditional concrete has a flaw; it tends to crack when subjected to tension. A healing agent that works when 

bacteria embedded in the concrete convert nutrients into limestone has been under development at the Civil 

Engineering.Concrete constructions are currently designed according to set norms that allow cracks to form up 

to 0.2 mm wide. Such micro cracks are generally considered acceptable, as these do not directly impair the 

safety and strength of a construction. Moreover, micro cracks sometimes heal themselves as many types of 

concrete feature a certain crack-healing capacity. On crack formation, ingress water reacts with these particles, 

resulting in closure of micro cracks. However, because of the variability of autonomous crack healing of 

concrete constructions, water leakage as a result of micro crack formation in tunnel and underground structures 

can occur. While self-healing of 0.2 mm wide cracks occurred in 30% of the control samples, complete closure 

of all cracks was obtained in all bacteria-based samples. Moreover, the crack sealing capacity of the latter group 

was found to be extended to 0.5 mm cracks. 

 

II.METHODOLOGY 

The different materials needed were collected and kept ready. To prevent water absorption by the concrete mix, 

it is necessary to use all materials at Saturated Surface Dry condition based on 24hrs submersion in potable 

water except cement.  

 

 

 



 
 

395 | P a g e  
 

 

 

 

 

 

 

 

 

 

Fig 2.1 Flow Chart for Methodology 

The required water for mixing was taken with a water cement ratio 0.38. Cement, sand and aggregates are 

proportioned in the ratio 1:1:2.43 by weight. 

III.CONCRETE INGREDIENTS 

Concrete is a very strong and versatile mould able construction material. Concrete can continue to harden and 

gain strength over many years. The various ingredients of smart concrete are enumerated and discussed below. 

3.1 CEMENT 

The Bureau of Indian Standards (BIS) has classified OPC in three different grades The classification is mainly 

based on the compressive strength of cement-sand mortar cubes of face area 50 cm
2
 composed of 1 part of 

cement to 3 parts of standard sand by weight with a water-cement ratio arrived at by a specified procedure. The 

grades are(i) 33 grade (ii) 43 grade (iii) 53 grade.The grade number indicates the minimum compressive strength 

of cement sand mortar in N/mm
2
 at 28 days, as tested by above mentioned procedure.The binding materials used 

in concrete are Ordinary Portland Cement. Ordinary Portland cement is composed of calcium silicate sand, 

aluminates sand, and alumina ferrite. It is obtained by blending predetermined proportions lime stone clay and 

other materials in small quantities which is pulverized and heated at high temperature – around 1500˚C to 

produce clinker. The clinker is then ground with small quantities of gypsum to produce a fine powder called 

Ordinary Portland cement [OPC]. When mixed with water, sand and stone. It combines slowly with the water to 

form a hard mass called concrete. Cement is hygroscopic material meaning it absorbs moisture, in presence of 

moisture it undergoes chemical reaction termed hydration. Therefore cement remains in good condition as long 

as it does not come in contact with moisture. If cement is more than three month old then it should be tested for 

its strength before being taken into use. This cement is of 53 grades conforming to IS 456-2000 is used for 
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experimental work. Laboratory test were conducted on cement to determine specific gravity, consistency, initial 

and final setting time and fineness. The compressive strength of cement is checked by casting cube and testing 

under compressive testing machine. This cement should be cool and stored in dry cool place. 

3.2 FINE AGGREGATE 

Aggregate which is passing through 4.75 IS sieve is termed as fine aggregate. River sand was used throughout 

the investigation as the fine aggregate conforming to grading zone II as per IS 383(part 3):1970. The specific 

gravity of fine aggregate should be within 2.7. It is found that sand with a fineness modulus below 2.5 give the 

concrete set with a fineness modulus of about 3.0 gives the best workability and compressive strength.  

3.3 COARSE AGGREGATE 

The coarse aggregate for the works should be river gravel or crushed stone. Angular shape aggregate of size is 

20mm and below. The aggregate which passes through 75mm sieve and retain on 4.75mm are known as coarse 

aggregate. It should be hard, strong, dense, durable, clean, and free from clay or loamy admixtures. Aggregates 

should be properly screened and if necessary washed clean before use. The grading of coarse aggregates should 

be as per specifications of IS 383-1970. After 24-hrs immersion in water, a previously dried sample of the 

coarse aggregate should not gain in weight more than 5%.  

3.4 WATER 

Water fit for drinking is also good for making concrete. Potable clean drinking water available in the college 

was used for mixing of concrete and curing of the test specimen. Water is required for hydration of cement and 

moulding of concrete to the desired shape. The relationship between compressive strength and water cement 

ratio is well established. Smaller the water cement ratio, higher is the compressive strength. 

 

3.5 FLY ASH 

Fly ash is the residue from the combustion of pulverized coal collected by mechanical or electrostatic separators 

from the flue gases of thermal power plants. One of the important characteristics of fly ash is the spherical form 

of the particles. This shape of particle improves the flow-ability and reduces the water demand. In this 

experimental work, low calcium class F. Ash is characteristized by low specific gravity, uniform gradation and 

lack of plasticity. The specific gravity of ash particles depends on chemical composition and generally varies 

from 2 to 2.6 with an average value of about 2.2. The pH of fly ash contacted with water range from 8 to 12. 

Coal burning power stations on global basis generate yearly millions of waste including fly ash, bottom ash, and 

boiler slag and flue gas desulphurization sludge. Mineral filler in asphalt two classes of fly ash are defined by 

ASTMC618: Class F fly ash and Class C fly ash. The chief difference between these classes is the amount of 

calcium, silica, alumina, and iron content in the ash. The chemical properties of the fly ash are largely 

influenced by the chemical content of the coal burned. 
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3.5.1 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 20% lime (Cao). Possessing pozzolanic properties, 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. 

 

3.5.2 CLASS C- FLY ASH 

Fly ash produced from the burning of younger lignite or sub bituminous 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 sulphate (SO4) contents are generally higher 

in Class C fly ashes. 

 

3.6 BRICK POWDER 

Brick Powder is the waste obtained from burning of clay bricks in the form of brick kilns. It possesses good 

pozzolanic property.Brick bats crushed in coarse powder form were used as a fine aggregate for making 

concrete. The waste bricks as obtained from garbage of a broken building were collected and pulverized to get 

the particle passing 4.75 mm sieve and retained on 0.075 mm sieve to get the grading of fine aggregate. 10, 20 

and 30% brick powder is used as replacement of sand in the experiments. 

 

3.7 MICRO-ORGANISMS 

Bacillus subtilis, a model laboratory bacterium is used for the crack repair in concrete. Bacillus Subtilis, known 

also as the hay bacillus or grass bacillus, found in soil and gastrointestinal tract of humans. A member of the 

genus Bacillus, Bacillus subtilis is a rod-shaped, and forms a tough, productive endospore, allowing it to tolerate 

extreme environmental conditions. It is considered the best studied gram positive bacterium and a model 

organism to study bacterial chromosome replication and cell differentiation. Self-healing of cracks in concrete 

would contribute to a longer service life of concrete structures and would make thematerial not only more 

durable but also more sustainable. 

 

IV. CASTING AND CURING OF CUBES 

4.1 CASTING 

Casting is a manufacturing process by which a liquid material is usually poured into a mold, which contains a 

hollow cavity of the desired shape, and then allowed to solidify. The solidified part is also known as a casting, 

which is ejected or broken out of the mold to complete the process. Casting materials are usually metals or 

http://en.wikipedia.org/wiki/Manufacturing
http://en.wikipedia.org/wiki/Mold_(manufacturing)
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various cold setting materials that cure after mixing two or more components together; examples 

are epoxy, concrete, plaster and clay. 

4.1.1 MOULDS: 

Metal moulds, preferably steel or cast iron, thick enough to prevent distortion is required. The height of mould 

and distance between the opposite faces are of the specified size + 0.2mm. The angle between adjacent internal 

faces and between internal faces and top and bottom planes of mould is required to be 90
o 

+0.5
o
. The interior 

faces of the mould are plane surfaces with permissible vibration of 0.03mm. Each mould is provided with a 

metal base plate having plane surface. The base plate is of such dimensions as to support the mould during the 

filling without leakage and springs or screws preferably attach it to the mould.  

 

Fig.4.1Cube Mould 

 

In assembling the mould for use, the joints between the sections of the mould are thinly coated with mould oil 

and a similar coating of mould oil is applied between the contact surface of the bottom of the mould and the 

base plate in order to ensure that no water escapes during the filing.The interior surfaces of the assembled mould 

are also required to be thinly coated with mould oil to prevent the adhesion of concrete. A steel bar 16mm in 

diameter, 0.6m long and bullet pointer at the lower end serves as a tamping bar. 

4.2 COMPACTING 

The cube specimens are made as soon as practicable, after mixing and in such a way to produced full 

compaction of the concrete with neither segregation nor excessive laitance. The concrete is filled into the mould 

in layers approximately 5cm deep. Each layer is compacted either by hand or by vibration. After the top layer 

has been compacted the surface of the concrete is brought to be finished level with the top of the mould, using a 

trowel.Green concrete has all the three phases – solids, water & air. In order to make the concrete impervious & 

attain its maximum strength it is required to remove the entrapped air from the concrete mass when it is still in 

plastic state. If the air is not removed completely, the concrete loses strength considerably. It has been observed 

that 5% voids reduce the strength by about 30% and 10% voids reduce the strength by over 50%. Compaction 

eliminates air bubbles and brings enough fine material both to the surface and against the forms to produce the 

desired finish. One can use such hand tools as steel rods, paddling sticks, or tampers, but mechanical vibrators 

are best. Any compacting device must reach the bottom of the form and be small enough to pass between 

reinforcing bars. Since the strength of the concrete member depends on proper reinforcement location, be 

http://en.wikipedia.org/wiki/Curing_(chemistry)
http://en.wikipedia.org/wiki/Epoxy
http://en.wikipedia.org/wiki/Clay
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careful not to displace the reinforcing steel. Compacting reinforced concrete work is very important and is done 

using iron rods. In case the thickness of concrete layers should be more than 15 cm. the most satisfactory 

method for compacting concrete properly is to consolidate each layer separately so that its top surface become 

level and fairy smooth before the next layer is placed. While tamping is carried out, care should be taken that the 

rod should penetrate the full layer of the last layer placed and to some extent into lying to ensure proper bond 

between bonds between them. Secondly the reinforcement and formwork should not be disturbed from their 

positions. It is necessary to consider the phenomenon while compacting the concrete. Whatever may be the 

mode of compaction, whether it is achieved by ramming or vibration, the essential feature of the purpose is to 

eliminate the entrapped air from the concrete until it has achieved as close a configuration as possible for a 

given mix.  

4.2.1. COMPACTING BY HAND: 

When compacting by hand, the standard tamping bar is used and the strokes of the bar are distributed in a 

uniform manner over the cross section of the mould. The number of strokes per layer required to produce the 

specimen conditions vary according to type of concrete. For cubical specimens, in no case should the concrete 

be subject to less than 35 strokes per layer for 15cm or 25 strokes per layer for 10cm cubes and beams. 

 

Fig. 4.2.1 Compaction bar 

4.3 CURING 

 The term „curing‟ is used to include maintenance of a favorable environment for the continuation of chemical 

reactions, i.e. retention of moisture within, or supplying moisture to the concrete from an external source and 

protection against extremes of temperature 

 

Fig.4.3 Curing Of Cubes 
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V. EXPERIMENTAL ANALYSIS 

5.1 SLUMP TEST 

Slump test is used to determine the workability of fresh concrete. Slump test as per IS: 1199 - 1959 is followed. 

The apparatus used for doing slump test are Slump cone and tamping rod. The slump test is the most widely, 

primarily because of the simplicity of the apparatus required and the test procedure. The slump test indicates the 

behavior of a compacted concrete cone under the action of gravitational forces. The test is carried out with a 

mould called the slump cone, and filled in three equal layers of fresh concrete, each layer being tamped 25 times 

with a standard tamping rod. The top layer is struck off level and the mould lifted vertically without disturbing 

the concrete cone.   

 

Fig 5.1 Slump Cone Apparatus 

The slump measured should be recorded in mm of subsidence of the specimen during the test. Any slump 

specimen, whom collapses or shears off laterally, gives incorrect result and if this occurs, the test should be 

repeated with another sample. If in the repeat test also, the specimen shears, the slump should be measured and 

the fact that the specimen sheared, should be recorded. This is a site test to determine the workability of the 

ready mixed concrete just before it‟s placing to final position inside the formwork, and is always conducted by 

the supervisor on site. However in mid of concreting process should the site supervisor visually finds that the 

green concrete becomes dry or the placement of concrete has been interrupted , a re-test on the remaining 

concrete should be conducted in particular of the pour for congested reinforcement area. The apparatus for 

considering the slump test essentially consists of a metallic mould in the form of frustum of a cone having the 

internal dimensions as under: Bottom diameter: 20 cm, Top diameter: 10 cm, Height: 30 cm. The thickness of 

the metallic sheet for the mould should not be thinner than 1.6 cm. Sometimes the mould is provided with 

suitable guides for lifting vertically up. For tamping the concrete, a steel tamping rod 16 mm diameter, 0.6 meter 

along with bullet end is used. The internal surface of the mould is thoroughly cleaned and freed from 
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superfluous moisture and adherence of any old set concrete before commencing the test. The mould is then 

filled in four layers, each ¼ of the height of the mould, each layer being tamped 25 times with a standard 

tamping rod taking care to distribute the strokes evenly over the cross section. After top layer has been rodded, 

the concrete is struck off level with a trowel and tamping rod. The mould is removed from the concrete 

immediately by raising it slowly and carefully in a vertical direction. This allowed concrete to subside. This 

subsidence is referred as slump of concrete. The difference in level between the height of the mould and that of 

the highest point of the subsided concrete is measured. This difference in height in mm. and is taken as slump of 

concrete. 

Table 5.1 Slump value 

% of Fly ash ml of bacteria Slump Value 

0% 30 ml 87 mm 

15% 30 ml 78 mm 

30% 30 ml 74 mm 

 

5.2 COMPRESSION STRENGTH TEST 

One of the most important properties of the hardened concrete is its strength which represents the ability if 

concrete to resist forces. If the nature of the force is to produce compression, the strength is termed compressive 

strength. The compressive strength of hardened concrete is generally considered to be the most important 

property and is often taken as the index of the overall quality of concrete. The strength can indirectly give an 

idea of the most of the other properties of concrete which are related directly to the structure of hardened cement 

paste. A stronger concrete is dense, compact, impermeable and resistant to weathering and to some chemicals. 

However, a stronger concrete may exhibit higher drying shrinkage with consequent cracking, due to the 

presence of higher cement content. Some of the other desirable properties like shear and tensile strengths, 

modulus of elasticity, bond, impact and durability etc. are generally related to compressive strength. As the 

compressive strength can be measured easily on standard sized cubical or cylindrical specimens, it can be 

specified as a criterion for studying the effect of any variable on the quality of concrete. 

 

Fig 5.2 Slump Value of tested specimen 
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However, the concrete gives different values of any property under different testing conditions. Hence method 

of testing, size of specimen and the rate of loading etc. are stipulated while testing the concrete to minimize the 

variations in test results. The statistical methods are commonly used for specifying the quantitative value of any 

particular property of hardened concrete. The cube specimen is of the size 150 x 150x150 mm. If the largest 

nominal size does not exceed 20 mm, 10 mm size cubes may also be used as an alternative. 

5.2.1 COMPRESSIVE STRENGTH OF CONCRETE 

Compressive strength is defined as the capacity of the material to withstand axially directed pushing forces. 

Compressive test develops a rather more complex system of stresses. Due to compression load the cube 

undergoes lateral expansion owing to the poisson‟s ratio effect. 

 The tests are carried out at 7,14 & 28 days in compression testing machine and the load carrying 

capacity are noted. 

 The compression strength is calculated and tabulated using the formula,  

 Compression strength =    
𝑙𝑜𝑎𝑑

𝑐𝑟𝑜𝑠𝑠𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙𝑎𝑟𝑒𝑎
 

 

Fig 5.3 Cube placed on the CTM 

VI.RESULT AND DISCUSSION 

 

 

% of Fly ash 

7 days curing 14 days curing 28 days curing 

Load 

(KN) 

Compressive 

Strength (Mpa) 

Load 

(KN) 

Compressive 

Strength (Mpa) 

Load 

(KN) 

Compressive 

Strength (Mpa) 

0% 13.6 40.2 13.7 40.6 16.2 48 

15% 65 19.2 68 20.2 83 24.6 

30% 23 6.6 29 8.6 38.8 11.5 
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Table 6.1 Compressive strength analysis 

 

Fig 6.1 

From the above chart we can analysis that our M30 grade smart concrete gives higher compressive strength 

when the concrete is added with 30ml of bacillus subtilis and not replaced by Fly ash. 

VII. CONCLUSION 

Based on the present experimental investigation the following conclusion is drawn 

 Bacillus subtilis can be produced in the laboratory is to be safe and cost effective. 

 The compressive strength is 48 MPa that is maximum, when the addition of bacillus subtilis bacteria is 

30 ml and no replacement of cement by flyash and partial replacement of fine aggregate by brick 

powder. 

 The self-healing property is successfully achieved in Smart concrete. 

 Smart concrete technology has proved to bebetter than many conventional technologies,because of its 

eco-friendly nature and veryconvient for usage. 

 This innovative concrete technology will soonproved the basis for an alternative and highquality 

structures that will be cost effective andenvironmentally safe 

 The application of microbial concrete toconstruction may also simplify some of the existing 

construction processes andrevolutionize the ways of new constructionprocess 
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