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Abstract – concrete cracks are the common phenomenon that has no immediate and proper treatment; these 

cracks lead to significant reduction in concrete structure life and require costly repairs. Although it is not 

possible to reduce the formation of crack, remediation of cracks in concrete has been possible in many ways. 

It has been shown that technique in fitting cracks with environmentally friendly biologically process; that is 

continuous self – remediating process. In this paper an attempt has been made to use different 

microorganisms, i.e.; bacillus sphaericus so as to observe the strength gain and also healing property as a 

result of mixing those bacteria in concrete with water. From the tests conducted on various specimens of 

bacterial concrete  using different concentrations, a clear comparison is made for strengths of different 

specimens of bio concrete using different concentrations and convention concrete the results obtained from 

the experiment concludes that when water enter in the concrete after the formation of cracks activates the 

dormant bacteria (inactive)  the process of metabolically mediated calcium carbonate precipitatation and it 

increased the strength of bio concrete as compared to the conventional concrete. 

Key words: - self – remediating, microorganisms, Bacillus Sphaericus, dormant bacteria, Calcium 

carbonate. 

I. INTRODUCTION 

The most important and plenteously used building material is concrete. In constructions mostly it is used 

because of its strength and durability. Although we give a perfect mix, cracks are common issue for concrete 

structure. So that structure tends to fail. To reduce the cracks; structure requires costly repairs and regular 

maintenance. Not only concrete but also reinforcement is effected due to cracks by corrosion. The only possible 

way to reduce these cracks is self healing method. This method depends on biological process, in this process 

not only the concrete structure heals but also the durability and strength will increases. Using bio concrete for 

self healing process is not harmful to the environment and also health. 

Living concrete (or) bio concrete is known as “ it is a concrete which mix nature with construction.” As the 

normal concrete and bio concrete mix is same procedure; bio concrete is having more properties than normal 

concrete. When the crack occurs on the concrete structure, the bacteria which are in inactive position gets active 

when it comes contact with oxygen and water then it releases calcium lactate thereby the cracks get healed. 

In this thesis, Bacillus sphaericus and bacillus cereus is used as biological agents. These are aerobic bacteria’s.  

 

 

Fig 1 View of the formation of minerals in the gaps 
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1)   METHOD OF USING SELF-HEALING BACTERIA 

When bacterial concrete is made up of microbes then such process is known as Microbial induced calcium 

carbonate precipitation (MICCP) or bio mineralization. When photosynthesis and urea hydrolysis is mixed up 

then it releases CaCo3. The presence of Co2 and calcium hydroxide forms calcium carbonate  

CO2+ Ca (OH)
2 
→ CaCO3+ H

2
O                            ------- (1) 

Due to the presence of Carbon dioxide; calcium hydroxide is getting soluble in nature and liquefied in water and 

then comes out through cracks to heal them. 

Ca (C3H5O2)2+ 7O2 →CaCO3+ 5CO2+ 5H2O          ------(2) 

When one mol of urea forms one mol of ammonia and one mol of carbonate by intracellular hydralization; 

which forms one mol of ammonia and carbonic acid. 

CO (NH2)2 + H2O →NH2COOH + NH3                  ------(3) 

NH2COOH +H2O →NH3 H2CO3                             ------(4) 

PH can rises due to one mol of ammonium and hydroxide ions. 

H 2CO3→ 2H+ + 2CO3
2-

                                          ------(5) 

NH3+H2O → NH4- + OH                                          ------(6) 

Ca2- + CO3- → CaCO3                                               ------(7) 

Now the bio chemical reaction can be summed up in possible way as: 

Ca2+ + Cell → Cell-Ca2+                                            ------(8) 

Cl- + HCO3- + NH3 → NH4Cl + CO3
2-

                     ------(9) 

 

II. MATERIALS  AND METHODS 

MATERIALS: 

The materials which are used for this project work are ordinary Portland cement of 53 grade, coarse aggregate 

of 20 mm and 12.5 mm size, fine aggregate as river sand, bacillus sphaericus and bacillus cereus as bacteria 

solutions. 

PREPARATION OF SPECIMENS: 

Concrete mix of M40 grade is used for casting the specimens. Conventional specimens were casted, and 

then specimens by using bacillus sphaericus and bacillus cereus, where the solution is taken 0.06ml per cube 

for both bacteria’s of three different concentrations i.e, 10
4
 ,10

5
 and 10

6
 respectievely. Now the specimens were 

kept in curing tank and tested for 7days and 28 days. 

 

 

Fig 2 Bacterial Solution 

PREPARATION OF BACTERIA: 

In 500ml of water; take 12.5 grams of nutrient broth (medium) in conical flask; then it is sterilized by 

using a cooker for v10-20 minutes .now the solution is in orange color. Later flasks are open then add exactly 

1ml of bacterium and is kept in a shaker at a speed of 150-200 rpm for 24 hours. Now the solution is in yellow 

turmid color. After that serial dilution and plate count method id done for getting required concentrations i.e., 

10
4
,10

5
, 10

6
 respectively. 
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Fig 3 Serial dilution and Plate count method 
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International Journal of Technical Innovation in Modern Engineering & Science (IJTIMES) 
Volume 4, Issue 5, May-2018, e-ISSN: 2455-2585,Impact Factor: 3.45 (SJIF-2015) 

IJTIMES-2018@All rights reserved   836 

IV   TESTS ON CONCRETE 

1) Compressive Strength Test: 

The casted controlled specimens and bacterial specimens of size 150mm* 150mm* 150mm cubes were tested 

for compressive strength for 7 days and 28 days. 

 

V   RESULTS AND DISCUSSION 

From compressive strength test various results were obtained. The graph charts also represented for each table 

of results. The table 1 and chart1 indicates the compressive strength test results of controlled specimens of M40 

grade concrete. The table 2 and chart 2 indicates the test results of Bacillus sphaericus of 10
4
,
 
10

5
, 10

6
 

concentrations. 

Table I  

Compressive test results of Control Specimens 

NO.OF 

CUBE 

7 DAYS 

(N/MM
2
) 

28 DAYS 

(N/MM
2
) 

1 32.88 42.86 

2 17.78 39.02 

3. 30.14 41.96 

AVERAGE 26.93 41.28 

 

 

Fig 3 Compression test results of Control Specimens 

 

Table II 

Compression test results of Bacillus Sphaericus 

 

SL.NO 7 DAYS 28 DAYS 

10
4 

CELLS/ML 

(N/MM
2
) 

22.59 
 

35.99 

10
5 

CELLS/ML 

(N/MM
2
) 

25.04 
 

36.44 

10
6 

CELLS/ML 

(N/MM
2
) 

26.93 
 

38.51 
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Fig 4 Compression test results of Bacillus Sphaericus 

 

VI   CONCLUSION 

 

The results presented in this study show that the microbial self-healing mechanism can be used to achieve the 

goal of concrete crack self- healing. Bacterial solution which is used is cost effective and also safe. The 

maximum compressive strength of concrete cube is with addition of bacillus sphaericus with 10
6
 cells/ml 

i.e,38.51 N/mm2 So, bacteria with a cell concentration of order 10
6
cells/ml for bacillus sphaericus is a 

optimum dosage for present investigation. Because of bacteria added in concrete , there is a increase in 

compressive strength. From the results we get it is concluded that bacillus sphaericus can use in concrete and it 

is safe. And also these bacteria is used to heal the cracks. The bacteria is working effectually and the self 

healing process have done for three weeks. 

 

 

Fig 5 The concrete cube before and after the self healing process 

 

VII   FUTURE SCOPE OF WORK 

 

 In order to change the compressive strength there is chance to add fibers and bacterial solution in a concrete 

cube and can increase the strength as well as self healing property. 

 when the super plasticizer is added for workability there is need to study the internal reaction of bacteria 

solution and plasticizer. 

 The effect of higher concentrations of Bacillus Sphaericus on the design strength of concrete is to be 

studied in additon to the concentrations choosen in the present study. 

 The durable nature of the concrete is to be studied for complete understanding of behaviour of the mix. 

 Study on influence of additional agents during the crack healing process is to be carried out. 

 The above points can help in making the project to other lead. 
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