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Abstract: The potential of concrete to self-heal has been studied in several works, hence in this study we are analyzing the
strength properties of self-healing bacterial concrete by mixing bacteria (Bacillus Subtilis) with calcium source. In the study,
bacteria (Bacillus Subtilis) were introduced at 3% and 5%, while calcium lactate was added at 5% and 10%, respectively. As a
result, the study addresses economic issues not just for building but also for upkeep. The purpose of this experiment was to look
into the strength qualities of bacterial self-healing concrete with varied ratios of Bacillus subtilis and calcium lactate. The
researchers prepared concrete specimens with varied ratios of bacterial solution and calcium lactate and tested their compressive
and flexural strength. The results revealed that adding Bacillus subtilis and calcium lactate to the concrete enhanced its
compressive and flexural strength, with the maximum strength values recorded at a 3% bacterial solution and 5% calcium
lactate combination. Furthermore, the concrete’s self-healing potential was assessed by putting the samples to crack-healing
experiments. The results demonstrated that the bacterial self-healing concrete containing Bacillus subtilis and calcium lactate
performed better than the control samples without bacteria. The study reveals that using Bacillus subtilis and calcium lactate in
concrete might increase the material’s strength and self-healing capabilities, leading to enhanced durability and sustainability of
concrete buildings.
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L. INTRODUCTION
Self-healing Concrete is well-known for its ability to self-heal. Concrete's ability to self-heal or self-repair enables crack
rectification and repair using either autonomous or autogenous processes. All of these techniques are distinguished by concrete's
durability, which is one of its characteristics. Concrete's materialistic durability aids in its resistance to chemical or physical
dangers. The chance of fracture development increases as durability deteriorates.
There are several solutions available for this typical structural cracking issue, both before and after the fracture. Self-healing or
bacterial concrete is one of the repair procedures. Self-Healing Concrete is a type of concrete that, after hardening, may repair or fill
gaps on its own owing to a bacterial response. Small cracks in a structure with a width of 0.05 to 0.1mm can be seen to be entirely
sealed by repeating dry and wet cycles. More repair work is necessary when the cracks are bigger. Acid-producing bacteria are
employed to promote spontaneous fracture healing. These bacteria may live in latent cells for more than 200 years in dry conditions.
These bacteria speed fracture healing.
Concrete structures have a lifespan of 50-100 years. However, degradation of the building begins within 10 years of construction,
and in some cases within a year. After a certain number of years, little cracks in the framework emerge, which might be structural or
superficial.
"Bacteria-based Self-Healing Concrete" is a new approach to coping with concrete cracks. To fix fractures, the self-healing concrete
employs a special strain of bacteria from the genus Bacillus as well as a calcium-based nutrition. Bacteria may survive in concrete
for up to 200 years. When a fracture occurs and water penetrates into the crack, dormant bacteria become active and convert
calcium lactate to limestone.
Self-healing concrete is created by a biological interaction between unreacted limestone and a calcium-based diet, with the help of
bacteria, to cure building flaws. Bacillus bacteria are used in conjunction with the calcium supplement calcium lactate. These
components are added to the wet concrete after the mixing process has been completed. The bacteria's spores begin to multiply and
feed on the calcium lactate, consuming oxygen. Limestone is made up of soluble calcium lactate. The insoluble limestone begins to
solidify.
As a result, the crack fills naturally without the need for outside aid. Another advantage of this technique is that the bacteria prevent
steel from corroding due to fractures by eating oxygen while turning calcium into limestone. This boosts the durability of the steel-
reinforced concrete structure.
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1. LITERATURE REVIEW
Various studies and research have been conducted on bacterial self-healing concrete, as well as workability and strength of the
concrete. The following research are available to assess the qualities of concrete based on Bacteria, or self-healing concrete, to
determine the behaviour and properties of self-healing concrete.
(Abishek Kumar A. A 2020), Self-healing concrete was created for the study, and bacteria were added in amounts of 5ml, 10ml, and
15ml. According to the research, introducing 10ml of bacteria delivers the best results.
A 10ml increase in bacteria strength is seen. There is a 4.8% increase in 7-day strength, a 12.21% increase in 14-day strength, and a
1.33% increase in 28-day strength when compared to regular concrete. Similarly, split tensile strength was examined, and the
findings show a 7%, 4.21%, and 10% increase after 7 days, 14 days, and 28 days, respectively. Water absorption was seen in these
samples as well.
In a 10ml bacterial sample, water absorption was reduced by 9.72%.
(Aditya Tadimeti 2020), In this work, several polymers were used with bacillus subtilis in various aquatic situations. Bacillus
subtilis can digest polythene in fresh water, however the degree of breakdown decreases when the water becomes saline or in saline
water. ABS and HIPS plastics, on the other hand, were unaffected. As a result, they can be used with Bacillus subtilis. Bacillus
subtilis use lowers polythene waste.
Bacillus can be used to minimise polythene waste, however additional literature and research are needed to understand more about
the aquatic environment. As a result, waste in the water can also be degraded.
(C. Manvith Kumar Reddy 2020), In this investigation, bacteria at a concentration of 107 cells/ml are used, along with a calcium
supply. As a calcium source, calcium lactate was used. Flexural strength of the concrete was examined. Flexural strength increased
after bacteria and calcium lactate were added.
A maximum increase of 4% is anticipated. The research also examined the healing time and the length of the fracture. This reveals
that bacterial concrete cures quicker than regular concrete and can treat fractures up to 100m long.
(Mors and Jonker 2019), The research was conducted as part of the Material for Life (M4L) project. This research programme
looked at four different self-healing concrete technologies.
Examples include sodium silicate microcapsules, porous aggregates containing microorganisms, shape memory polymers, and
mineral healing agents. The findings show that fracture breadth and permeability decrease over time. An ultrasonic pulse velocity
metre, as well as an optical camera and microscope, are used to measure the fluctuation in crack width. The findings show that
sodium silicate-based capsules outperform others in terms of repairing cracks longer than 100m.
(S.Dinesh 2017), When compared to standard concrete, the addition of bacteria boosted the compressive and tensile strengths while
reduced permeability, water absorption, and reinforcement corrosion. Bacterial concrete increases the durability of structures by
mending structural cracks.
The term "Smart Bio material™ also refers to bacterial concrete because to its intrinsic capacity to precipitate calcite continuously.
This material has been proved to be superior to traditional concrete since it is environmentally friendly and self-healing. Bacterial
concrete will be manufactured in the near future for the construction of long-lasting, low-cost, and environmentally friendly high-
quality structures. It is viable to employ since it will be more effective monetarily and practically because it necessitates expert
work.
(Kunamineni Vijay 2017), Understanding how urease-producing bacterium isolates such as Bacillus subtilis and Bacillus pasteuri
species may be employed to mend concrete cracks is important to the success of this research. The study looked at a variety of
bacterial species that may be employed to repair fractures.
Furthermore, bacteria were shown to boost the compressive strength of concrete and Portland cement mortar cubes in this
investigation. Bacterial usage offers the advantage of reducing water penetration and chloride ion permeability.
The outcomes of this study suggest employing "microbial concrete™ as an alternative and superior concrete sealer that is cost-
effective, environmentally friendly, and ultimately extends the life of building components.

1. METHODOLOGY
The compressive strength test and split tensile strength were carried out on the concrete. Following is the methodology adopted for
the research work:
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Fig. 1: Flow chart of methodology used in study

V. RESULTS
A.  Workability Test Results
The workability of new concrete refers to how readily it can be mixed, laid, and finished. The IS 1199 slump cone test is used to
measure the workability of concrete. The slump test is performed on new concrete. The top diameter of the slump mould is 2700mm,
while the bottom diameter is 200mm. According to IS Code 1199, the height of the mould is 300mm. After mixing the concrete, it is
put in three layers in a cone and compressed 25 times with a tamping rod. The temping rod is 600mm long and 16mm in diameter.
Table 1 displays the different slump values for each type of mix fraction.

Table 1: Value of Slump for different concrete mixes

Mix Bacteria Calcium Lactate Slump Use
(B) L) (mm)

S1 0% 0% 78

S2 3% 0% 81

50-100 mm is Medium slump concrete,
S3 5% 0% 88 This type of concrete is commonly used
for general construction applications,

S4 0% 5% 76 . .

such as in the construction of
S5 0% 10% 72 foundations, walls, and floors.
S6 3% 5% 79

B. Compressive Strength and Split Tensile Strength Test

Compressive strength test results were carried out by considering three different cases i.e. compressive strength by adding calcium
lactate, compressive strength by adding bacteria and compressive strength by adding bacteria with calcium lactate. Split tensile
strength test results were carried out by considering three different cases i.e. split tensile strength by adding calcium lactate, split
tensile strength by adding Bacteria and split tensile strength by adding bacteria with calcium lactate.
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Compressive Strength Test
Table 2: Compressive strength test results of concrete by adding calcium lactate

. Calcium Compressive Strength
Mix
Lactate 7 days 14 days 28 days
S1 0% 28.41 38.07 41.19
S4 5% 28.34 37.32 40.36
S5 10% 21 27.53 30.48

Compressive Strength of Concrete by adding calcium
Lactate
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Fig. 2: 7 days, 14 days and 28 days compressive strength at varying percentage of calcium lactate

Split Tensile Test
Table 3: Split tensile strength test results of concrete by adding calcium lactate

Mix Calcium Split Tensile Strength

Lactate 7 days 14 days 28 days
S1 0% 3.77 3.86 4.29
S4 5% 3.88 3.98 4.42
S5 10% 3.28 3.41 3.79
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Fig. 3: 7 days, 14 days and 28 days Compressive Strength at varying percentage of Calcium Lactate
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Compressive Strength Test
Table 4: Compressive Strength Test Results of Concrete by adding Bacteria

Mix Bacteria Compressive Strength
(Bacillus Subtilis) 7 days 14 days 28 days
S1 0% 28.41 38.07 41.19
S2 3% 31.17 39.52 43.91
S3 5% 26.73 33.73 37.48

Compressive Strength of Concrete by adding Bacteria in
Concrete

50

43.91

4 41.19

40 38.07
- 31.17
28.41 I
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% of Bacteria (Bacillus Subitilis)

39.519

37.48

33.732

26.73 I
5%

Fig. 4: 7 days, 14 days and 28 days Compressive Strength at varying percentage of Bacteria (Bacillus Subtilis)
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Split Tensile Test
Table 5: Split Tensile Strength Test Results of Concrete by adding Bacteria

Mix Bacteria Split Tensile Strength

(Bacillus Subtilis) 7 days 14 days 28 days
S1 0% 3.77 3.86 4.29
S2 3% 3.97 4,12 4.58
S3 5% 3.69 3.79 4.21

F
& non

Tensile Strength of Concrete by adding Bacteria in Concrete
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Fig. 5: 7 days, 14 days and 28 days Split Tensile Strength at varying percentage of Bacteria (Bacillus Subtilis)
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Compressive Strength Test
Table 6: Compressive Strength Test Results of Concrete by adding calcium Lactate and Bacteria

. . . Compressive Strength
Mix Calcium Lactate Bacteria 7 days 12 days 28 days
S1 0% 0% 28.41 37.07 41.19
S4 5% 0% 28.34 36.32 40.36
S2 0% 3% 31.17 39.52 43.91
S6 5% 3% 30.28 38.82 43.13

Compressive Strength of Concrete by adding Bacteria in
Concrete
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Fig. 6: 7 days, 14 days and 28 days Compressive Strength by adding Bacteria and Calcium Lactate

Split Tensile Test
Table 7: Split Tensile Strength Test Results of Concrete by adding calcium Lactate and Bacteria

. . . Split Tensile Strength
Mix Calcium Lactate Bacteria 7 days 14 days 28 days
S1 0% 0% 3.77 3.86 4.29
S4 5% 0% 3.88 3.98 4.42
S2 0% 3% 3.97 4,12 4,58
S6 5% 3% 4.41 4,57 5.08
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Fig. 7: 7 days, 14 days and 28 days Split Tensile Strength by adding Bacteria and Calcium Lactate
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V. CONCLUSIONS

Following conclusions can be drawn from this experimental study:

1) As up to 3% bacteria were added, compressive strength improved by 6.6%, while split tensile strength increased by 6.76% as
compared to normal concrete. The strength begins to decrease as the amount of bacteria increases up to 5%.

2) When compared to normal concrete, a 5% addition of Calcium Lactate reduces compressive strength by 2.02% while increasing
split tensile strength by 3.03%. However, raising the Calcium Lactate to 10% reduces both compressive and split tensile
strength.

3) The addition of 5% calcium lactate and 3% bacteria increases compressive strength by 4.71% and 18.41%, respectively.

4) Using bacterial concrete can drastically minimize the amount of repair and maintenance required, thus proving to be more cost-
effective.

5) Hence, it can be concluded that utilization of Calcium Lactate in bacillus Subtilis is feasible while considering the strength
criteria.
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