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Abstract— The concrete structures deteriorate in contact 

with the surroundings which lead to an irreversible damage 

and ultimately reducing the strength of the structure. The 

characteristics of pore structure of concrete have a direct 

influence on its durability. One way to circumvent costly 

manual maintenance and repair is to incorporate an 

autonomous self -healing mechanism in concrete. One such 

alternative repair mechanism, i.e. a novel technique based 

on the application of bio mineralization of bacteria in 

concrete. The present experimental investigation is carried 

out to study the mechanical properties of concrete by using 

of bacillus odeysseyi which would make it, self-healing. The 

bacteria present in the concrete rapidly sealed freshly 

formed cracks through calcite production. The bacterial 

concentrations were optimized to 105cells/ml. The 

percentage replacement of fly ash was by weight of cement. 

The percentage use of fly ash was 10%, 20% with bacteria 

was used. The experiments were carried out to evaluate the 

effect of Bacillus odysseysi on the compressive strength, 

Tensile strength test and Flexural test for 7, 14, 28 days. The 

test results indicated that inclusion of bacillus odeysseyi 

enhanced the compressive strength (i.e., 49.85 N/mm2) for 

10% fly ash replacement, reduced the porosity and 

permeability of the concrete with fly ash. 
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I. INTRODUCTION 

Concrete is the most widely used construction material in 

the world. It forms major component in the construction 

industry as it is cheap, easily available and convinient to 

cast. Despite its different qualities in the construction, it has 

many limitations as it is weak in tension, has limited 

ductility and less resistance to cracking and due to 

aggressive environmental agents which ultimately reduce 

the life of the structure which are built using these materials. 

The primary reason for the cracking of concrete can be 

attributed to porosity in texture (microscopic level) of 

structural members which allows moisture and water to seep 

into the concrete members and hence, leads to corrosion of 

steel reinforcements. This process of damage occurs in the 

early life of the building structure and also during its life 

time. Synthetic materials like epoxies are used for 

remediation. But, they are not compatible, costly, reduce 

aesthetic appearance and need constant maintenance. 

Therefore bacterial induced Calcium Carbonate (Calcite) 

precipitation has been proposed as an alternative and 

environment friendly crack remediation and hence 

improvement of strength of building materials. 

The aim of present investigation is to study the 

influence of Bacillus odysseyi on mechanical properties of 

concrete. Also to study how the bacterial concrete with fly 

ash as an admixture helps in preventing the development of 

cracks in concrete and improves the strength. To study the 

mix of cell concentration of Bacillus odyssey bacteria at 

which the compressive strength of cement mortar is 

maximum. To compare the strength parameters of 

conventional concrete, Bacterial concrete with fly ash and 

without fly ash. A novel technique is adopted in re-

mediating cracks and fissures in concrete by utilizing 

Microbiologically Induced Calcite or Calcium Carbonate 

(CaCO3) Precipitation (MICP) is a technique that comes 

under a broader category of science called bio-

mineralization. MICP is highly desirable because the Calcite 

precipitation induced as a result of microbial activities is 

pollution free and natural. The technique can be used to 

improve the compressive strength and stiffness of cracked 

concrete specimens. Research leading to microbial Calcium 

Carbonate precipitation and its ability to heal cracks of 

construction materials has led to many applications like 

crack remediation of concrete, sand consolidation, 

restoration of historical monuments and other such 

applications. So it can be define as the process can occur 

inside or outside the microbial cell or even some distance 

away within the concrete. Often bacterial activities simply 

trigger a change in solution chemistry that leads to over 

saturation and mineral precipitation. Use of these Bio 

mineralogy concepts in concrete leads to potential invention 

of new material called Bacterial Concrete. 

II. BACILLUS ODEYYSSEI (BACTERIA) 

Bacteria are unicellular organisms. The genetic material of 

bacteria is not enclosed in a nuclear membrane. The bacteria 

have wide range of shapes and are a few micrometers in 

length. Bacteria are abundantly found in soil, water, as well 

as in organic matter and the live bodies of plants and 

animals. The pure culture of “Bacillus odeyssei” bearing the 

strain number MTCC 1761 and was isolated from the soil 

sample shown in fig. 

 
Fig. 1: Bacillus Odeyyssei 

III. FLY ASH 

Fly ashes are generally finer than cement and consist mainly 

of glassy spherical particles as well as residues of hematite 

and magnetite, char, and some crystalline phases formed 

during cooling Fly ash is the best known, and one of the 

most commonly used, pozzolans in the world. Physical 

Properties of Fly Ash are shown in the given Table. 
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S. No. Characteristics Percentage (%) 

1 Silica, SiO2 52.16 

2 Alumina, Al2O3 36.93 

3 Iron Oxide, Fe2O3 4.23 

4 Lime, CaO 4.67 

5 Magnesia, MgO Nil 

Table 1: Typical Oxide Composition of Fly Ash 

IV. BIOREMEDIATION 

This process of microbiologically induced calcium 

carbonate precipitation is having complex biochemical 

reactions. When the concrete is mixed with bacteria 

(bacillus pasteruii and bacillus odysseyi), the bacteria go 

into a dormant state, a lot like seeds Bio mineralization The 

four possible mechanisms given for self-healing of concrete 

which are formation of material like calcite, Blocking of the 

path by sedimentation of Particle, Continued hydration of 

cement particle and Swelling of the surrounding cement 

matrix. 

Bioengineered Self-repairing concrete biologically 

produces calcium carbonate crystals to seal cracks that 

appear on the surface of the concrete structures. It is of great 

concern to the construction industry whether or not these 

bacteria are “smart” enough to know when their task is 

complete because of safety concerns. Bacillus odysseyi 

which is a soil bacterium is harmless to humans as it is non-

pathogenic microorganism. It also an eco-friendly gesture. 

V. CONCRETE MIX DESIGN 

One of the ultimate aims of studying the various properties 

of the materials of concrete, plastic concrete and hardened 

concrete is to enable a concrete technologist to design a 

concrete mix for a particular strength and durability. Design 

of concrete mix require complete knowledge of the various 

properties of these constituent materials, the implications in 

case of change on these conditions at the site, the impact of 

the property of plastic concrete on the hardened concrete 

and the complicated inter-relationship between the variables. 

Mix design performed as per IS 10262-2009. The mix 

design procedures are covered in IS 10262-2009.The 

methods given can be applied for both medium strength and 

high strength concrete. 

Mix has performed separately for conventional 

concrete with bacteria and without bacteria. With 

replacement of fly ash and without fly ash replacement. 

S. 

N

o. 

Cement

(kg) 

Fly 

ash 

(kg) 

Fine 

aggregat

e(kg) 

Coarse 

aggreg

ate(kg) 

Bacillus 

oseyssei 

(cell/ml) 

1 392.5 0 776 988 0 

2 353.25 39.25 776 988 105 

3 314 78.5 776 988 105 

4 392.5 0 776 988 105 

Table 2: Mix proportion of concrete by adding fly ash as 

partial replacement to cement 

VI. TEST METHODS 

A test method is a method for a test in science or 

engineering, such as a physical test, chemical test, 

workability test, compaction factor test, split tensile strength 

test. It is a definitive procedure that produces a test result. 

A. Test for Workability 

Workability of concrete means the ability to work with 

concrete. A concrete is said to be workable if it can be 

handled without segregation. It can be placed without loss of 

homogeneity. It is the property of freshly mixed concrete. In 

the present investigation the concrete is tested for 

workability before casting. The tests conducted are slump 

test and compaction factor test. 

B. Slump Test 

Slump is a measurement of concrete’s workability. It’s an 

indirect method of concrete consistency or stiffness. A 

slump test is a measure of the behavior of compacted 

inverted cone of concrete under the action of gravity. It 

measures the consistency or the wetness of the concrete. The 

apparatus for slump test is as shown in Fig.5.1 is of height 

300mm, the base is 200mm diameter and the top face is 

100mm diameter. 

S.  

No. 

% of fly ash added 

to cement as 

replacement 

Bacillus 

odeyssei 

cell/ml 

Slump 

(mm) 

1 10% 0 61 

2 20% 0 59 

3 10% 105 66 

4 20% 105 62 

5 0 105 65 

Table 1: Slump Test Results 

C. Compaction Factor 

Compaction factor test is a measurement to workability. The 

compaction factor is the ratio of the weight of fresh, 

partially compacted concreted to fully compacted concrete. 

Theoretically the maximum value is 1.0. The apparatus used 

for compactor factor test. 

S. 

No. 

% of fly ash added 

to cement as 

replacement 

Bacillus 

odeyssei 

cell/ml 

Compaction 

factor (mm) 

1 10% 0 0.786 

2 20% 0 0.783 

3 10% 105 0.876 

4 20% 105 0.798 

5 0 105 0.873 

Table 2: Compaction Factor Test Results 

D. Compressive Strength 

Compressive strength of concrete can be defined as 

maximum resistance of concrete to axial loading. The 

specimens used for compression test were cubes of size 150 

x 150 x 150 mm size. Compressive strength was determined 

for 7, 14 and 28 days respectively. The test was conducted 

in the laboratory on the compression testing machine of 

3000 KN capacity and the reading at the time of failure of 

specimen was taken. 

S. 

No. 
Concrete type 

Bacterial 

concrete 

( cell/ml) 

7     

days 

14 

days 

28    

days 

1 
Conventional 

concrete 
0 25 31.5 45.2 

2 
Concrete with 

10% fly ash 
0 25.25 32.2 45.30 

3 
Concrete with 

20% fly ash 
0 19.84 30.92 34.92 
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4 
Concrete with 

10% fly ash 
10^5 30.05 35.2 49.85 

5 
Concrete with 

20% fly ash 
10^5 29.85 33.92 38.4 

6 
Bacterial 

concrete 
10^5 36.25 34.76 49.06 

Table 3: Compressive Strength Test 

E. Test of Split Tensile Strength 

After required curing period, the cylinder specimens are 

specimens are removed and kept on the ground. Water grit is 

removed from the surface, which are to be in contact with 

the packing strips and the bearings surfaces of the testing 

machine are wiped clean. The cylinder specimens are placed 

horizontally in the centre with packing strip carefully 

positioned along the top and bottom of the plane of loading 

of the specimen. The load is applied without shock and 

increased continuously at a normal rate within the range 1.2 

N/mm2/min to 2.4 N/mm2/min until failure of the specimen. 

The maximum load applied is recorded at failure. The 

appearance of concrete and unchanged features in type of 

failure is also observed. In the splitting tension test, a 

150mm diameter by 300mm high cylinder is subjected to 

compression loads along two axial lines which are 

diametrically opposite. 

S. 

No. 
Concrete type 

Bacterial 

concrete 

( cell/ml) 

7     

days 

14 

days 

28    

days 

1 
Conventional 

concrete 
0 2.54 2.78 3.95 

2 
Concrete with 

10% fly ash 
0 3.20 3.43 4.02 

3 
Concrete with 

20% fly ash 
0 3.05 3.1 2.95 

4 
Concrete with 

10% fly ash 
10^5 3.95 4.06 4.11 

5 
Concrete with 

20% fly ash 
10^5 3.28 3.35 3.41 

6 
Bacterial 

concrete 
10^5 4.16 4.98 5.02 

Table 4: Split tensile test (N/mm2) 

VII. RESULTS AND DISCUSSIONS 

Results obtained from experimental investigation to study 

the properties of self healing concrete are discussed in detail 

as given below. Test results for both fresh and hardened 

concrete are discussed in details. 

A. Test Results of Hydraulic 

The workability tests i.e, Slump flow test, compaction factor 

test conducted on concrete are shown in the given table-1 

and table-2. 

From the  table-1 it is clearly observed that the 

concrete to which only fly ash is added as replacement  of 

10%, 20% without mixing bacteria bacillus odeyssei is 

giving low results compared to concrete to which fly ash is 

added as replacement along with bacteria. Also the concrete 

to which only bacteria bacillus odeyssei is mixed without 

any fly ash replacement is giving good result compared to 

10%, 20% fly ash replacement without bacteria. Hence it 

can be said from the above table that the results for slump 

test is giving better for the concrete to which fly ash is 

added 10% as partial replacement along with bacteria 

bacillus odeyssei of 105 cell/ml.  

The strength for the concrete to which 10% of fly 

ash has added is increased for compared to conventional 

concrete at 7, 14 and 28 days. The strength is decreased for 

the concrete type to which fly ash added for 20%. In similar 

way the strength for concrete type to which fly ash added for 

10% along with bacterial has achieved good strength 

compared to fly ash concrete without bacteria. Bacterial 

concrete has achieved great strength compared to bacterial 

concrete with fly ash and fly ash based concrete. 

The table 4 shows the strength for split tensile has 

increased for the concrete to which 10% fly ash added as 

replacement and decreased for 20% fly ash for 7 days of 

curing, also the same was observed for the 14, 28 days of 

curing. The values have increased for the bacterial concrete 

with fly ash added for 10%, and decreases for 20% fly ash 

of bacterial concrete. 

Table-3 shows the variation of compressive 

strength with different concrete types at 7days, 14 days and 

28 days respectively. At 7days of curing the strength of 

hardened concrete is been gradually decreasing, at 14 days 

of curing the strength has increased compared to 7 days, 

whereas at 28days of curing it attains maximum strength and 

coincide with the linear values. 

VIII. CONCLUSION 

In this study, the general requirements of mix design has 

been discussed which involves basic requirements of mix 

design and mix design procedure. Materials of Self-healing 

concrete such as cement, types of aggregates, Fly Ash, 

Bacillus odeyssei have been clearly mentioned in this study. 

The test methods for both fresh concrete and hardened 

concrete have been discussed. Test methods such as Slump 

Flow test, compaction factor test for fresh concrete and 

Compressive strength, Split Tensile strength and Flexural 

strength test for hardened concrete were carried out and 

results are obtained. Results that are obtained are 

represented in tabular form and graphs have been plotted. 

By obtaining the results, conclusion has been done for this 

case study and the future scope for entertaining the 

advancement of Self-healing concrete has been mentioned. 

 All the mixes used in this study exhibits the good 

workability characteristics, in accordance with the IS 

12269-1987 specifications. 

 Workability characteristics i.e., slump test, compaction 

factor test has attained good result for the concrete to 

which fly ash added to 10% as partial replacement to 

cement along with the mixing of bacteria bacillus 

odeyssei. 

 It is observed that the, the compressive strength for the 

bacterial concrete with fly ash at 10% has increased for 

7 , 14, and 28 days age of concrete compared to 

bacterial concrete with fly ash at 20%. 

 It is observed that bacterial concrete is achieved good 

compressive strength compared to bacterial concrete 

with fly ash and bacterial concrete without fly ash at 

both 10% and 20%. 

 Also for the tensile strength test the Bacterial concrete 

with fly ash at 10% has got increased value compared 
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to bacterial concrete without fly ash at 20% for 7, 14, 

28 days ages of concrete. 

 Flexular test conducted have shown that bacterial 

concrete has received  high strength compared to 

bacterial concrete with fly ash and bacterial concrete 

without fly ash at 10%, 20% 

 Therefore from the experimental results, the 

compressive strength, split tensile strength and flexural 

strength increased for only bacterial concrete. 

 Hence from the above all the results it can be said that 

strength has increased for the bacterial concrete, also 

which act as self healing concrete. 

 The results show that the effect of bacteria has really 

worked out as it is giving great strength and as it is 

eco-friendly it is a very good material and is safe to use 

as it is totally harmless to living beings. This concrete 

can be used to prevent cracks and hence saving the 

structure from corrosion of steel. 

IX. FUTURE SCOPE 

 The different species of the bacteria can be tried with 

different grades of concrete. Concrete can also be 

tested with different proportion of fly ash. 

 The promising results on the use of microorganisms for 

the improvement of the durability of building materials 

have drawn the attention of research groups all over 

the world but until now, work on such bioremediation 

was mainly confined in some countries 

 It indicates that the time taken for the water to rise by 

capillary action in microbial concrete are longer and 

thus proved that these concrete are less porous 

compared to the normal concrete. However, detail 

study of permeation properties and the extent of 

permeability reduction must be studied in detail. 
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