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Abstract:

Cracks are the common type of failure in concrete which are irreversible in process [1, 2] Bacillus Pastuerii,

Bacillus Cohni, Bacillus Sphearicus are common soil bacterium induce the precipitation of calcite exhibited its positive
potential in selectively consolidating simulated fractures in the consolidation of sand. [1, 3, 4, 5] In this study we tried to
find the effect of Bacillus Pastuerii on strengthening of cracked concrete. It was found that all the increase in depth of crack
reduce the strength of cubes and beams.
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INTRODUCTION

In concrete, cracking is a regular observable fact due to the comparatively low tensile strength.
Many factors are affecting the durability and strength of concrete. High tensile stresses can
result from external loads which lead to failure of concrete. Many methods and material are
available in market to repair concrete cracks. But most of materials are not eco-friendly and
cause environment pollution and due to these many are banned in many countries. Bacterial
induced calcium precipitation type repairing technique is eco-friendly and has been proposed
as an alternative and environmental friendly crack repair technique. B. Pastuerii produces
urease, which catalyzes urea to produce CO2 and ammonia, resulting in an increase of pH in the
surroundings where ions Ca2+ and CO32- precipitate as CaCO3. Possible biochemical reactions in
medium to precipitate CaCO3 at the cell surface that provides a nucleation site. The microbial
urease catalyzes the hydrolysis of urea into ammonium and carbonate.[9] One mole of urea is
hydrolyzed intracellularly to 1 mol of ammonia and 1 mole of Carbamic acid (1), which
spontaneously hydrolyzes to form an additional 1 mole of ammonia and carbonic acid (2).[ 3, 4,
5, 6, 7, 8, 9, 10]
CO(NH2)2 + H2O ---> NH2COOH + NH3 (1)
NH2COOH + H2O ---> NH3 + H2CO3 (2)
Ammonium and carbonic acid form bicarbonate and 2 moles of ammonium and hydroxide ions
in water (3 &4).
2NH3 + 2H2O <---> 2NH+4 +2OH− (3)
H2CO3 <---> HCO−3 + H+ (4)
The production of hydroxide ions results in the increase of pH, which in turn can shift the
bicarbonate equilibrium, resulting in the formation of carbonate ions (5)
HCO−3 + H+ + 2NH+4 +2OH− <---> CO3−2 + 2NH+4 + 2H2O (5)
The produced carbonate ions precipitate in the presence of calcium ions as calcium carbonate
crystals (6).
Ca+2 + CO3−2 <---> CaCO3 (6)
The formation of a monolayer of calcite further increases the affinity of the bacteria to the soil
surface, resulting in the production of multiple layers of calcite.
Bacteria such as Bacillus Pastuerii, Bacillus pseudofirmus, Bacillus cohnii, Sporosarcina Pastuerii,
and Arthrobacter crystallopoietes increase the compression strength of concrete through their
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biomass. Not all bacteria increase the strength of concrete significantly with their biomass [11].
Bacillus sp. CT-5. can reduce corrosion of reinforcement in reinforced concrete by up to four
times. Sporosarcina Pastuerii reduces water and chloride permeability. B. Pastuerii increases
resistance to acid [11].146 Bacillus Pastuerii and B. sphaericuscan induce calcium carbonate
precipitation in the surface of cracks, adding compression strength.[11]
Literature Review
Abhijitsinh Parmar et. al. 2013, in this study a comparative study on effect of crack repair by
different bacteria on compression, flexural and durability tested on mortar cubes and concrete
beams. The effect of different depth of crack on the compression, flexural and durability of
concrete was studied. It was found that all the increase in depth of crack reduce the strength of
cubes and beams. And concluded that Cracked repaired by Bacillus Pastuerii gives more
strength in compressive, flexural and durability test than repaired by Bacillus Sphericus [12].
Abhijitsinh Parmar et. al. 2013, a compression, flexural and durability tested on mortar cubes
and concrete beams treated with bacteria were studied. The effect of different depth of crack
on the compression, flexural and durability of concrete was studied. It was found that all the
increase in depth of crack reduce the strength of cubes and beams. The experimental study on
concrete beams shows that not much considerable improvement in flexural strength because
of following reason:
o At time of developing cracks due to continuous vibration of machine micro cracks has been
developed in beams and just because of that reason at time of testing it may not have
shown much improvement in flexural strength results.
o The other reason is bond between calcite and concrete is not developed well in 56 days. It
might take more than 6 month to create good bond between them [13].
Medapati Abhinav Reddy, 2016; This paper deals with the study of the different kinds of
bacteria which are used in the bio-concrete and their effect on the strength parameters of the
concrete like compressive strength and water absorption under the influence of the factors like
bacterial cell concentration at different temperatures is explicitly studied. The most optium pH
for the bacteria growth is 7.4. The maximum compressive strength attained by the cube
containing bacillus sphaericus is 38.7 kN/mm2 at 105 cells/ml at 30ºC and bacillus cereus
achieved 39.5 kN/mm2 at 106 cells/ml at 200ºC. The most resistance offered to the water
absorption is bacillus sphaericus as its water absorption is only 1.2 Kg/m2 at 30ºC(105 cells/ml)
and water absorption by bacillus sphaericus is least at 3.8 (106 cells/ml). Therefore it can be
concluded that bacillus sphaericus can be used as in bacterial concrete at lower temperature
and bacillus cereus can be used in bacterial concrete subjected to high temperature [14]
Vijeth N Kashyap & Radhakrishna, 2013; in this paper improvement of physical properties of
cement paste, mortar and concrete are studied. It is done by the addition of bacterial strains
namely Bacillus Sphaericus and Sporosarcina Pastuerii. It is found that these bacteria when
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added at 106 concentration of cells/ml of water to cement composites increased by about
39.8% and 33.07% in paste. There is an increment of 50% and 28.2% in mortar for two bacterial
strains. The strength increment is found to be 18.3% and 12.2% for Bacillus Sphaericus and
Sporosarcina Pastuerii respectively for concrete. Ultrasonic pulse velocity of the bacterial
concrete was in line with conventional concrete. SEM and XRD images revealed presence of
CaCO3 produced microbially. There is overall improvement in the bacterial composites
compared to conventional composites. The SEM and XRD analysis shows that the presence of
calcite inside the cement composite specimens which are produced microbially. These microbes
also increase the strength and durability of cement composites [15].
CONCLUSIONS
• From the study of various papers on Bacillus Pastuerii, concluded that Compression test and
Flexural test on repaired cracked concrete with Bacillus type bacteria can be re-strengthen up
to almost its original strength in case of smaller depth cracks. But in case of larger depth than
15 mm improvement in compressive strength reduces as the depth of crack increases. Because
for calcite precipitation process Bacillus type bacteria needs more oxygen. Due to larger depth
Bacteria didn’t get enough amount of Oxygen from atmosphere.
• The use of this biological repair technique is highly desirable because the mineral
precipitation induced as a result of microbial activities is pollution free and natural.
• Regain in compressive strength filled with bacteria and Fly Ash is comparatively less than
results with cracked fill with bacteria and Ennore sand.
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