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Abstract: Self-healing concrete is a product that will biologically produce limestone to heal cracks that appear 

on the surface of concrete structures. Specially selected types of the bacteria genus Bacillus, along with a 

calcium-based nutrient known as calcium lactate, and nitrogen and phosphorus, are added to the ingredients of 

the concrete when it is being mixed. These self-healing agents can lie dormant within the concrete for up to 200 

years. However, when a concrete structure is damaged and water starts to seep through the cracks that appear in 

the concrete, the spores of the bacteria germinate on contact with the water and nutrients. The two self-healing 

agent parts (the bacterial spores and the calcium lactate-based nutrients) are introduced to the concrete within 

separate expanded clay pellets 2-4 mm wide, which ensure that the agents will not be activated during the 

cement-mixing process. Only when cracks open up the pellets and incoming water brings the calcium lactate 

into contact with the bacteria do these become activated. Testing has shown that when water seeps into the 

concrete, the bacteria germinate and multiply quickly. They convert the nutrients into limestone within seven 

days in the laboratory. Outside, in lower temperatures, the process takes several weeks. In this research paper, 

Various types of bacteria’s like Bacillus Sphaericus, Bacillus megaterium, Bacillus cohnii, Shewanella species, 

and Bacillus pasteurii are used to check the strength properties of concrete. 
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1.1 INTRODUCTION 

A run of the mill toughness related wonder in many solid developments is split arrangement.  While bigger 

splits hamper basic uprightness, additionally littler sub-millimeter estimated breaks may bring about sturdiness 

issues as especially associated breaks increment grid penetrability.  Entrance water and synthetic substances can 

cause untimely framework corruption and consumption of inserted steel fortification. As ordinary manual 

support and fix of cement developments is expensive and at times not in the least conceivable, incorporation of 

a self-ruling self healing fix component would be exceptionally advantageous as it could both lessen upkeep 

also, increment material solidness. . In the present investigation the split recuperating limit of a particular bio-

substance added substance, comprising of a blend of practical yet lethargic microscopic organisms and natural 

mixes stuffed in permeable extended mud particles, was researched. Minuscule methods in mix with 

penetrability tests uncovered that complete recuperating of breaks happened in bacterial concrete and just 

mostly in charge concrete. The component of split recuperating in bacterial cement apparently happens through 

metabolic transformation of calcium lactate to calcium carbonate what results in split fixing. This 
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biochemically interceded procedure brought about productive fixing of sub-millimeter estimated (0.15 mm 

width) splits. It is normal that further advancement of this new sort of self-mending solid will bring about an 

increasingly strong and also economical solid which will be especially appropriate for applications in wet 

situations where support erosion tends to hinder sturdiness of conventional Concrete developments. 

1.2 ADVANTAGES OF BACTERIAL CONCRETE 

1. Reduction in permeability of concrete. 

2. Significant increase in compressive strength and flexural strength when compared to normal concrete. 

3. Self-repairing of cracks without any external aide. 

4. Reduces the corrosion of steel due to the cracks formation and improves the durability of steel 

reinforced concrete. 

5. Resistance towards freeze-thaw attacks. 

6. Bacillus bacteria are harmless to human life and hence it can be used effectively. 

1.3 DISADVANTAGES OF BACTERIAL CONCRETE 

1. Investigation of calcite precipitate is costly. 

2. Growth of bacteria is not good in any atmosphere and media. 

3. Design of mix concrete with bacteria here is not available any IS code or other code. 

4. The clay pellets holding the self-healing agent comprise 20% of the volume of the concrete. This may 

become a shear zone or fault zone in the concrete. 

5. Cost of bacterial concrete is double than conventional concrete. 

1.4 OBJECTIVES OF STUDY 

The objective of this study is to explore the process of healing of concrete by means of micro-organisms and 

organic polymers. This too in a way that the concrete heals the crack by itself without any material being 

externally administered to it hence making the concrete self-healing. 

1.5 SCOPE OF THE STUDY 

The scope of this study is immense as the scale of concrete construction is only increasing by the minute and to 

find ways to overcome of the major issues that is being faced will be a boon technologically as well as 

financially for the construction sectors. 

1.6 LITERATURE STUDY ON SELF HEALING CONCRETE 

Salmabanu Luhar et al studied on the self healing concrete. Bringing the microscopic organisms into the solid 

makes it gainful it improves the property of the solid which is more than the customary cement. Microscopic 

organisms fix the splits in cement by delivering the calcium carbonate precious stone which square the breaks 

and fix it. Numerous specialists done their work on oneself mending nature of cement and they had discovered 
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the accompanying outcome that microorganisms improves the property of regular cement, for example, 

increment in 13.75% quality expanded in 3 days, 14.28% in 7 days and 18.35% in 28 days. The advancement of 

calcium carbonate precious stone Decreases the water penetrability by diminishing the width of breaks from 0.5 

mm to 0.35 mm. Compressive quality was increments by 30.76% in 3 days, 46.15% in 7 days and 32.21% in 28 

days and in numerical modular it was discovered that the bacterial solid demonstrates the better estimation of 

anxiety when contrasted with controlled cement for the high quality evaluation of cement. (1) 

Henk M. Jonkers et al studied on the Development of a bacteria-based self healing concrete. In this research 

venture, author build up another kind of self-mending concrete in which microscopic organisms intervene the 

creation of minerals which quickly seal crisply shaped breaks, a procedure that correspondingly diminishes 

solid porousness, also, along these lines better shields inserted steel fortification from erosion. Beginning 

outcomes demonstrate that the expansion of explicit natural mineral antecedent mixes in addition to spore-

framing alkaliphilic microscopic organisms as self-recuperating specialists creates up to 100-μm estimated 

calcite particles which can possibly seal miniaturized scale to considerably bigger measured breaks. Further 

advancement of this bio-concrete with essentially expanded self-mending limits could speak to a new sort of 

sturdy and economical cement with a wide scope of potential applications. (2) 

A. Gandhimathi et al did the Experimental Study on Self –Healing Concrete. In this investigation Bacillus 

Sphaericus that is plentiful in soil has been utilized to prompt CaCO3. It is accordingly essential to comprehend 

the basics of microbial support in break remediation. Splits in solid structure an open pathway to the support 

can prompt strength issues like consumption of the steel rebar's. Furthermore breaks can cause spillage if there 

should be an occurrence of fluid holding structures, because of salt, sulfate and drying shrinkage. In request to 

beat this issue, a variation of brilliant cement is quickly creating, which is known as "Self-recuperating 

concrete". The self-mending cement is one that detects its split development and responds to fix itself without 

human intercession. The effect of ECO-accommodating miniaturized scale creature has been utilized oneself 

recuperating process in the present venture. (3) 

Abhishek Thakur et al did the review study on the effect of different bacteria on the strength and water 

absorption characteristics of concrete. This paper exhibits a survey of various examines in the ongoing years on 

the utilization of bacterial cement/bio-concrete for the upgrade in the toughness, mechanical and saturation 

parts of cement. It contains examines on various bacteria's, their segregation procedure, various methodologies 

for expansion of microscopic organisms in concrete, their impacts on compressive quality and water 

assimilation properties of cement and likewise the SEM and XRD investigation of cement containing microbes. 

(4) 

S. Soundharya et al studied on the Effect of Calcite-Precipitating Bacteria on Self-Healing Mechanism of 

Concrete. In this paper, the accompanying remarkable focuses in regards to characterization of microorganisms, 

self-recuperating of breaks in solid, concoction process for split remediation, self-mending component of 
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microscopic organisms, use of microbes in development field, Advantages and impediments of bacterial cement 

and so forth., are watched and recognized from the other research works. Breaking in the surface layer of 

cement fundamentally diminishes its strength, since splits are in charge of the vehicle of fluids and gases that 

could possibly contain pernicious substances. Then again the solid structures demonstrate some self-

recuperating limit, for example the capacity to mend or seal newly shaped small scale splits. At the point when 

small scale breaks development achieves the fortification, the solid itself might be harmed, yet in addition 

consumption happens in the support because of presentation to water and oxygen, and conceivably CO2 and 

chlorides as well. Self-recuperating of cement should be possible by numerous ways, for example, use of 

explicit calcite accelerating microscopic organisms for solid fix, utilization of manufactured polymers, for 

example, epoxy treatment, bio-mineralization of microbes in cement and so on. (5) 

Koustubh A. Joshi et al studied on the Self Healing Mechanism and its Impact on Bacillus Bacteria 

Impregnated Concrete. The breaks in solid influence the strength. In spite of the fact that, the medicinal 

measures isn't giving the hundred percent results. Self-recuperating is portrayed by recapturing execution after a 

deformity happens. Harm focused in microorganisms based self-mending concrete especially identifies with 

expanded toughness and spillage aversion and broadening administration life of solid structures. So study was 

done by different analysts in anticipating the splits arrangement in cement. So according to need of break 

counteractive action the possibility of self recuperating of splits in cement creates. To maintain a strategic 

distance from these miniaturized scale splits now a days microbes can be viably utilized which is called as 

microscopic organisms impregnated solid which is ongoing progression in solid innovation. In this procedure 

microbes from bacillus family is impregnated in solid which are having calcium as their nourishment from 

cement and when these microscopic organisms gets in contact with air they use water and carbon dioxide from 

encompassing condition and encourages calcium carbonate (lime stone) which at last seals the splits and makes 

solid break confirmation. This is called as microbiologically instigated calcite precipitation (MICP). In this 

paper an endeavor to ponder the practicality of impregnation of bacillus subtilis for break mending and its 

effect on cement is completed. (6) 

Kusuma K. et al studied on the strength properties of self healing concrete. The paper examines the stopping 

of counterfeit break in bond solid utilizing Bacillus megaterium. The impact on compressive quality, water 

retention and water penetrability of bond concrete 3D squares because of the blending of microscopic 

organisms is additionally talked about in this paper. It was discovered that the utilization of Bacillus 

Megaterium improves the compressive quality and firmness of cement. It likewise demonstrates that there is 

decrease in water retention and water porousness when contrasted with ordinary concrete. The microorganisms 

which will be presented in concrete, ought to have the property of antacid opposition and it likewise should 

frame endospore, so it can withstand the stresses created in cement while blending, transporting what's more, 

putting. (7) 
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Saied Heasami et al examine the impact of RHA and fiber on mechanical properties of pervious cement. He 

inferred that the ideal level of RHA without strands is 8% while it is between 8 to 10% with filaments, he 

included the porousness of pervious cement by including 12% RHA substance is essentially higher than 

including 10% of RHA content. In any case, expansion of 10% RHA substance gives higher compressive, 

ductile and flexural quality than 12% RHA content. (8) 

Mehmet et al probed the properties of pervious cement containing waste tires and determined utilizing tire 

chips and morsel elastic the compressive quality of permeable cement is 6.45 MPa where the compressive 

quality of Pervious solid reaches from 3 to 30 MPa. The porousness of Pervious solid fell into 0.25 to 0.61 cm/s 

which are suggested breaking point of Pervious cement. The crack vitality is expanded with utilizing tire chips 

and piece elastic though break vitality is diminishing by utilizing Fine morsel elastic. (9)  

1.7 PREPARATION OF MIX SAMPLES 

The M 20 concrete grade is utilized in this study for mix proportioning. It's composed according to IS 10262-

1982 principles. The blend ratio received was cement: sand: coarse aggregate: water/concrete quantitative 

connection severally. Blend extent utilized in this examination was 1:1.72:2.83 (M 25) complying with IS 

10262-2009 with water-concrete proportion of 0.4 and Superplasticizer of 0.75%.  

Table 4.6: Mix Proportion of Concrete cubes 

Designation Mix 
Water 

(kg/m3) 

Cement 

(kg/m3) 

Fine Agg. 

(Sand) 

(kg/m3) 

Coarse Agg 

(kg/m3) 

M-0 Normal 197 437.78 654 1133 

PREPARATION OF BACTERIA  

Mixing of Bacteria  

Direct addition of microbial broth in fresh concrete: this type of addition of bacteria in concrete is a simple 

method and also economically good and also shows higher biological concrete workability. But the most 

important thing is it shows very less increase in compressive strength, and durability. In this approach of 

addition of bacteria in concrete, the lifetime of micro-organisms is less. This is the main reason for the less 

increase in different characteristics of concrete. 
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1.8 COMPRRSSIVE STRENGTH TEST 

The Compressive strength test of bacteria based concrete increased with an inclusion of bacteria in 

conventional concrete. Various types of bacteria’s like Bacillus Sphaericus, Bacillus megaterium, Bacillus 

cohnii, Shewanella species, and Bacillus pasteurii are used to check the strength properties of concrete. The 

strength result of bacterial concrete vs conventional concrete is demonstrated in figure 1.     

 

Figure 1: Compressive strength of concrete by using different types of bacteria 

1.9 SPLIT TENSILE STRENGTH TEST 

The Split tensile strength test of bacteria based concrete increased with an inclusion of bacteria in conventional 

concrete. Various types of bacteria’s like Bacillus Sphaericus, Bacillus megaterium, Bacillus cohnii, 

Shewanella species, and Bacillus pasteurii are used to check the strength properties of concrete. The strength 

result of bacterial concrete vs conventional concrete is demonstrated in figure 2.     
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Figure 2: Split tensile strength of concrete by using different types of bacteria 

1.10 FLEXURAL STRENGTH TEST 

The flexural strength test of bacteria based concrete increased with an inclusion of bacteria in conventional 

concrete. Various types of bacteria’s like Bacillus Sphaericus, Bacillus megaterium, Bacillus cohnii, 

Shewanella species, and Bacillus pasteurii are used to check the strength properties of concrete. The strength 

result of bacterial concrete vs conventional concrete is demonstrated in figure 3. 
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Figure 3: Flexural strength of concrete by using different types of bacteria 

CONCLUSION 

1. The maximum compressive strength after 28 days is achieved as 42.58 N/mm2 with the induction of 

Bacillus cohnii bacteria in the concrete. 

2. The maximum Split tensile strength after 28 days is achieved as 3.96 N/mm2 with the induction of 

Bacillus cohnii bacteria in the concrete. 

3. The maximum Flexural strength after 28 days is achieved as 8.56 N/mm2 with the induction of Bacillus 

cohnii bacteria in the concrete. 

4. After comparing the strength properties of concrete by using different types of bacteria, it has been 

found that Bacillus Cohnii is best bacteria than the other types of bacteria,. 

5. Although the processes of overcoming the drawbacks linked with the use of concrete are still underway, 

the use of self-healing concrete is one major breakthrough helping the construction sector and saving a 

lot of capital which would otherwise be required to rework and repair the cracking in concrete 

structures. Not only this, but the energy and carbon emissions related to all the involved processes also 

get cut down helping the planet on a larger scale.  
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