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Abstract— The concrete structurers  have various durability 

problems  caused due to different  environmental as well as 

physiological conditions and results in producing or giving a 

weak concrete, conventional concrete have certain limitations 

to form crack, there will be the presence of voids in concrete 

structures even its heavily compacted, therefore make the 

structure weak, here we introduced bacteria concrete, which 

contains micro-organism, mineralisation, which is mineral 

precipitation, this help in increasing the  strength of concrete  

as well as its life span, it also have an ability heal  itself when 

a crack is formed. This paper focuses in producing this bio 

concrete, which includes extraction of bacteria in nutrient 

broth and mixing those bacteria into concrete mix, and testing 

specimens for showing its compressive strength, it also 

details with the self-healing capacity of the concrete.  
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I. INTRODUCTION 

Concrete is widely used material consisting essentially of a 

binder and a mineral filler. It plays a vital role in civil 

Engineering construction. Admixtures are sometimes added 

to change the properties of cement such as to increase or 

decrease the rate of setting to increase the strength by adding 

water reducing mixture etc. 

Ever since concrete has been accepted as a material 

for construction, Engineers have been trying to improve its 

quality, strength etc. The usual primary requirements of a 

good concrete in its plastic state is a satisfactory workability 

and in its hardened state is satisfactory compressive strength, 

and also it should it withstand many other desired properties 

such as density, durability, tensile strength etc. interest in 

these properties of concrete has since modern specification 

tend to state requirement for particular properties of concrete 

rather than simply to stipulate the quality and consequent 

material. 

Research programs are carried out around the globe, 

various modifications have been made from time to time to 

overcome the deficiencies of cement concrete. 

Recently, its been found out that microbial mineral 

precipitation resulting from metabolic activities of favorable 

micro-organisms in concrete can improve overall behavior of 

concrete. Bacillus subtilis, is the one, which alters the 

property significantly. The ideal target is to obtain a stronger, 

less water absorbing concrete. 

II. LITERATURE REVIEW 

In order to carry out this project work various literatures were 

studied and findings are obtained in searching with in them 

were used to identify the research area, summarizations of 

literatures are as follows: 

A method of strengthening of cement sand mortar by 

the microbiological induced mineral precipitation was 

described in P.GOSH (2005) there studies showed that 25% 

increase, strength  after 28th  curing day, this strength is 

obtained by adding 105cells/ml with water. The increase in 

strength is due to the growth of filler material with in the void 

of cement sand matrix, shown by scanning electron 

microscopy Microorganism is living element and it has the 

ability to precipitate minerals through the process called bio-

mineralization. The precipitation process occurs naturally 

and most of the precipitated products are very important 

compound made of, carbon, nitrogen, oxygen, Sulphur, 

phosphorus and silica, microorganism that able to precipitate 

calcium carbonate (calcite) was noted. However, little 

information in silica precipitation and its effect in concrete 

properties had been revealed. The concrete specimens were 

added with Bacillus subtilis silica adsorbed in the cell wall by   

H Afifudin et al. (in 2011) -. Concrete specimens in different 

concentrations of Bacillus subtilis cell with 104, 105, 106 and 

107 cells/ml and (without Bacillus subtilis) were cast. The 

investigation made to prove that the silica precipitated by this 

microorganism can enhance the concrete properties namely 

its compressive strength and resistance to carbonation. The 

micro-structure of bio concrete was also examined. It was 

found that the addition of Bacillus subtilis into the concrete 

enhances the compressive strength. The concentration of 106 

cells/ml was found out to be the optimum concentration to 

give most enhanced effect to the compressive strength. 

In this paper, an attempts are made to add bacteria in 

dormant condition but normal added bacteria in the concrete 

matrix which will contribute to the strength and durability of 

the concrete. Water which enters the concrete through voids 

will activate the dormant bacteria which in turn will give 

strength to the concrete through the process of bio-

mineralisation 

D HANUMANTHARAO IN 2017 came up with 

certain way to add bacteria in to concrete in gram fashion, 

adding 5gm,10gm, 15gm bacteria, by replacing cement by 

5%, 10%, 15% with calcium lactate, which provided food for 

bacteria to precipitate calcite. This paper mainly focused on 

showing of finding out wheatear the bacteria survives in pH 

above 9  Bacillus subtilis JC3 and its enhanced mechanical 

and durability characteristics was briefly described in this 

paper. 

A. Materials Used 

1) Cement: 

The cement used in the experimental work is ORDINARY 

PORTLAND CEMENT of 53 grade is used. The physical 

characteristics of the cement obtained by conducting 

appropriate methods as per IS:269-4831 and the requirements 

detailed per 14891991. 

2) Coarse Aggregate: 

Aggregates of size greater than 4.75 mm are known as the 

coarse aggregate. The maximum size of coarse aggregate is 

80 mm. 20 mm size aggregates are used in this Experimental 
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work. Coarse aggregate occupies the maximum volume of 

concrete.  Locally available crushed angular aggregates are 

used. The specific gravity of the aggregate is 2.7.The fineness 

modulus is determined by sieve analysis in the laboratory. 

3) Fine Aggregate: 

The aggregates whose size is less than or equal to 4.75 mm is 

known as fine aggregate. Locally available sand satisfying the 

requirements of ASTM C33-03 was used in the concrete 

mixes. The fine aggregate along with the hydrated cement 

paste fill the space between the coarse aggregate. The sand 

passing through 2.36 mm is used in concrete. 

4) Bacillus subtilis: 

Bacillus subtilis is a ubiquitous naturally occurring 

saprophytic bacterium that is commonly recovered from soil, 

water, air and decomposing plant material. Under most 

conditions, however, it is not biologically active and is 

present in the spore form. 

a) Isolation of Bacteria: 

The steps for isolation of micro-organisms present in soils 

are: 

 First of all, collection of soil samples in glass bottles or 

test tubes. 

 Mix all these samples with some amount of water then 

vigorously shake it. 

 After that take 1ml of mixed soil sample into a test tube 

and add 9ml of distilled water in it. 

 After the addition of 1ml of bacterial water in 9ml of 

distilled water, the concentration of solution becomes 10-

1. This solution should be kept in a test tube. 

 After this take 1ml solution from first test tube to the 

second test tube and again add 9ml of distilled water in 

second test tube. 

 After these steps the concentration of solution becomes 

10-4 to 10-6. 

 After all these steps, make Patrick plates with some 

selective media according to the bacteria requirement. 

 Then spread the above test tube containing solution of 

concentration 10-4 to 10-6 on Patrick plates with Medias 

in it. And check the plate after 24-48 hrs. 

 After 24-48 hrs check the type of colony formation in the 

Patrick plate. And also made some more Patrick plates 

with the same media and soil sample with different 

concentration. 

 Then streak the different type of microbial colonies onto 

different plates. And check for the growth after a time 

period of 24-48 hrs. 

 Then check the morphology of different colonies by 

gram staining method. And also do some bio-chemical 

reactions for proper identification of bacteria. 

 After that make a liquid broth containing required media 

and streak the identified bacteria in to the broth. After 24-

48 hrs check for the growth. After certain period of time 

the turbidity in media will show the growth of microbes. 

mbio.ncsu.edu 

And finally bacteria is isolated. Calcite formation is 

checked by using X-ray diffraction analysis and SEM (stereo 

electron microscopic) analysis. 

5) Calcium lactate: 

Calcium lactate is available in different forms it is formed on 

surface of the curd. Calcium lactate is food for the bacteria. 

Calcium lactate is add to the concrete by the weight of 

cement. In this project we use calcium lactate 3% add to the 

concrete. If calcium lactate increases 20% by weight of 

cement it effect on strength of concrete. 

6) Water: 

Water Available in our lab is used in this investigation. 

III. RESULTS AND DISCUSSIONS 

A. Compressive strength 

The compressive strength of concrete is one of the most 

important and useful properties of concrete. The compressive 

strength of concrete is generally determined by testing cubes 

or cylinders made in laboratory. The main function of the 

concrete in structure is mainly to resist the compressive 

forces. Compressive strength is also used as a qualitative 

measure for other properties of hardened concrete. The 

compression test is carried on cube specimens of the size 

150*150*150 mm. The mould and base plate are coated with 

a thin film of mould oil before use, in order to prevent 

adhesion of concrete. 

The concrete is filled into the mould in layers 

approximately 5cm deep. Each layer is compacted using 

vibrator. The casted specimens are given identity numbers 

and are left undisturbed for one day. Then the specimens are 

removed from the mould and are cured for 28 days. The load 

was applied axially without shock till the specimen was 

crushed. Three cubes of conventional mix are tested at 7 days 

and three at 28 days. The obtained results are reported and 

analysed 

Sl 

no 

W/C 

ratio 

Cube compressive 

strength (N/mm2)7 

days 

Cube compressive 

strength (N/mm2)28 

days 

1 0.5 23.5 39.5551 

2 0.5 24.6 39.822 

3 0.5 24.5 39.72 

 

B. Self-Healing Behavior and growth of bacteria tested 

1) Bacterial strains and Nutrient medium: 

The new Bacillus subtilis was isolated from one of the 

specimen. These were cultured to check their morphology on 

nutrient agar (NA), which contained peptic digest of animal 

tissue 5 g/l, sodium chloride 5 g/l, beef extract 1.5 g/l, yeast 

extract 1.5 g/l, and agar 15 g/l, and the final pH of the medium 
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was found to be 7 at 27°C. The culturing was done by 

spreading the stock culture of the bacteria onto the plates and 

allowing it to be incubated for 24 h at 37°C. Further based on 

requirement, slants were prepared in NA, in test tubes of 10 

ml and then urea–CaCl2 medium was prepared. The 

composition of the urea agar per litre was NB 8 g, NH4Cl 10 

g, urea 20 g, NaHCO3 2.12 g (equivalent to 25.2 mm), CaCl2 

concentration taken as 25 g, i.e. 25 mm/l. After autoclaving, 

CaCl2 was used to make the pH level of the medium 8, 8.5 

and 9; the volume of CaCl2 used was approximately 10, 25 

and 40 ml respectively. 

2) Urea Hydrolysis Test: 

The colonies of strains were cultured on urea agar medium, 

incubated at 37°C for 48 hours. A change of colour in the 

media from yellow to pink was observed and it indicates the 

presence of urease enzyme. The colour of media from yellow 

to pink due to the up taking of urea by the bacteria. 

3) Maintenance of stock culture: 

Stock cultures of bacillus subtilis were maintained on nutrient 

agar slants. The culture was streaked on agar slants with an 

inoculating loop and the slants were incubated at 37°C. After 

2-3 days of growth slant cultures were preserved under 

refrigeration (4°C) until further use. Sub culturing was carried 

out for every 45 days. Contamination from other bacteria was 

checked periodically by streaking on nutrient agar plates. 

4) Self-healing of concrete is monitored: 

The self-healing capacity of bacteria concrete is observed by 

the curing of compressive strength tested cubes for a 

minimum period of 7 days. The casted specimens of bacteria 

concrete are tested for compressive strength in CTM. The 

load is applied gradually until the first crack appears on the 

surface of concrete specimen. Then the tested specimen is 

again cured in water for at least 7 days. It was observed that 

the crack formed on testing in CTM is healed completely by 

forming the cement paste within the crack 

 

IV. CONCLUSION 

1) The following conclusion from the results and 

comparison show that bio concrete gives 60-70% 

increase in strength and also it shows self-healing 

property as minor cracks are cured. By using this bacteria 

we can decreases the maintenance cost of construction 

and helps in self-healing. 

2) The total cost of the project is increased at the stage of 

construction and after that decreased the maintenance 

cost. 
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