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ABSTRACT: The world is looking for strength and sustainability. Creating and developing new resources 

is preferable to conserving existing ones. The utilisation of micro-bacterial influenced concrete is presented 

in this study. Bio-concrete is developing as a viable alternative to traditional concrete with improved self-

healing properties. This self-healing characteristic, along with considerable strength requirements, justifies 

the use of Bio-concrete as a sustainable building material. The use of Bio- concrete lowers the overall defects 

in concrete performance caused by fractures in concrete. This, in turn, lowers the structure's maintenance 

costs as compared to traditional concrete. Microbes are an excellent solution for extending the life of concrete. 

The service life of concrete structures is impacted by several factors. Crack development is one of the major 

causes of this. Crack development can be caused by errors in composition, mixing, and placement, as well as 

incorrect curing. Crack development is difficult to manage, but it can be controlled more effectively using bio- 

concrete. Microbes are introduced to Bio-Concrete to precipitate CaCO3. It fills the gap or pore between the 

concrete materials, improving the strength and performance of the concrete. As a result, bio concrete meets 

the requirement for next generation concrete while requiring less economic expenditure. The continuing 

report investigates the compressive and flexural strength of Bio- Concrete. When we combine partial 

replacement of water with 2% and 4% microbe along with making 2% starch constant with concrete blend 

and test the specimens after 7days, 28days, and 56days, we achieve the goal of this inquiry, which is to improve 

the strength characteristics. Bio-concrete has a high degree of durability. As a result of the microorganisms 

filling the pores and micro-internal fissures in the concrete, the strength qualities are improved. 

KEYWORDS: Bacillus subtilis, self-healing, microcracks, biomineralization, mechanical 

characteristics 

INTRODUCTION 

 

The term "concrete" is derived from the Latin phrase "concretus," which meaning 

"composite." It was used by the ancient Romans to build walls and roofs, and it is a 

heterogeneous composite material made up of cement, coarse aggregate, fine aggregate, and 

water. 

 

In the globe, there are two varieties of concrete: conventional plain concrete, which is 

formed by combining cement, fine aggregate, and coarse aggregate with water, and 

reinforced concrete, which is made by adding steel reinforcement to plain concrete. 

Concrete is the most widely utilised construction material on the planet. It is robust, long-

lasting, and the least expensive man-made construction material to create and recycle. 

Unfortunately, concrete is prone to a wide range of damage that results in fractures. These 

cracks are widely characterised as I structural cracks produced by design flaws, construction 
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and supervision issues, and (ii) non-structural cracks induced by ambient circumstances 

such as (temperature, humidity), and/or material quality. Freeze/thaw cycles, chemical 

assaults, corrosion, high loads, and other environmental variables all cause concrete 

degradation. As a result, concrete structure maintenance is frequent and costly. Every year, 

several governments throughout the world spend billions of dollars to maintain 

infrastructure such as buildings and bridges. In Europe, 50% of the yearly building budget 

is set aside for rehabilitation and repair of existing structures. While the average cost of 

bridge maintenance and repair in the United States is 5.3 billion dollars. Furthermore, in the 

United Kingdom, about half of the construction budget, or £80 billion per year, is anticipated 

to be spent on repair and maintenance of existing facilities. These countries have also 

created more lasting materials, making fewer repairs more acceptable. 

 

 

LITERATURE REVIEW 

 

This is the core of the reviewing article, comprising the work of numerous authors as well 

as the results of various research papers. Here are some research articles from national and 

international journals: 

 

Singh & Kaushik et al. (2001) studied fiber reinforced concrete corners behavior under 

opening moments of bending. It has been proposed that there is a significant improvement 

in efficiency with an increase in fiber volume fraction to a certain point above which there 

is a decline in mixability and joint efficiencies. [2] 

 

H.M. Jonkers et al. (2005) conducted study and the investigation used the potential for the 

utilization of calciteprecipitating microorganisms in concrete as a break recuperating 

specialist. It has been explored the capacity of different species to encourage calcite, 

produce endospores, withstand solid improvement, and recuperate breaks via fixing them 

with calcite. Moreover, work was completed on the mechanical properties of ' bacterial 

cement. ' ESEM tests have demonstrated that soluble base safe spore-shaping microscopic 

organisms installed in the solid lattice can make huge measures of calcite hasten. Concluded 

that the bacterial approach may contribute to the concrete's self-healing ability. [3] 

 

Van Tittelboom et al. (2010) discovered that introducing bacteria into the concrete matrix 

can aid the concrete matrix resist water permeability and that up to 10 mm deep fractures 

can be healed by bacterial activity. [4] 

 

Wiktor and colleagues (2011) It was discovered that the viability of a bacterial strain may 

also be checked by the rate of oxygen consumption, which results in a decrease in oxygen 

consumption in the event of bacterial immobilisation. The FTIR Analysis aids in the 

synthesis of calcite by bacteria, which is a crucial aspect in crack remediation. The 100-day 

curing of the samples revealed 0.46 mm crack width sealing when compared to the 

controlled concrete sample with bacterial immobilised concrete sample [5]. 

 

The study was done by Varenyam Achal et al. (2011), and the impacts of Bacillus sp. CT-

5, cement isolation, compressive strength testing, and water absorption testing revealed a 

36 percent increase with the consolidation of bacterial cells in the compressive quality of 

concrete mortar. Because of calcite's microbiological assertion, treated solid forms absorbed 

several times less water than control 3D squares. Bacillus sp. produces "microbial cement," 
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according to this research. The consistency of building materials' quality. [6] 

 

MATERIAL MATERIALS AND RESEARCH METHODOLOGY 

 

MATERIAL: 

               

                    

                        

 

FIGURE 1: MATERIALS USED PICTURE (AGGREGATE, SAND, CEMENT, WATER, 

MICROBE) 

 

CEMENT: 

Cement is one of the most important constituents of concrete, which possesses strong 

adhesive premises. It binds all other ingredient of concrete through a series of chemical 

reaction known as hydration reaction with the help of water and does it harden. Cement is 

a bluish grey colored fined powder, which is manufactured by smashing, milling and 

proportioning of CaO (calcium oxide, 67% - 61%), SiO2 (silica, 23%- 19%) & Al2O3 

(alumina, 6%-2.5%) in a kiln at 2600 F. Portland cement also called Ordinary Portland 

Cement (OPC) is categorized into three grades i.e. OPC 33 grades, 43 grades, 53 grades on 

account of their 28day compressive strength. In the current study, OPC 43 grade of cement 

is used for mix design. 

 

TABLE.1: CEMENT PROPERTIES: OPC 43 GRADE OF CEMENT 
 

S. 
no. 

Characteristic of 

cement 
Values obtained by 

experimental 

investigation 

Values specified by 
IS8112:1918 

1 Fineness of 
cement 

1.5% Less than 10% 

2 Standard 
consistency of 

30.5%  
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Cement 

3 Specific gravity 3.145 3.15 

4 Initial setting 
time 

45 minutes 30minutes(minimum) 

5 Final setting 
time 

290 minutes 600minutes(maximum) 

6 Soundness of 
cement 

3.5 mm Less than 10 mm 

 
AGGREGATE: 

Aggregates are the crushed stone which forms a predominant part of concrete mixture by 

making concrete unyielding. Aggregate provides firmness and makes dense the resulting 

mix when using two or more dimensions of it. Fine aggregate fills the pores and most 

essential capacity of it to help with creating workability and consistency in mixture. It 

facilitates the cement paste to clasp the coarse aggregate to respite. 

COARSE AGGREGATE: 

Crushed stone sized from 10mm to 20mm and held above IS filter 4.75mm is used as coarse 

aggregate in concrete casting. In terms of aggregate characteristics, coarse aggregate tends 

to increase the strength of the concrete material by interlocking the angular particles, whilst 

smooth round shaped aggregate aids in the fluidity of the fresh concrete mixture. Locally 

accessible aggregates are utilised in concrete mixes after being cleaned of dirt and dust 

particles and dried in an oven. The coarse aggregate specification IS 383:1972 is utilised. 

The coarse aggregate testing findings are detailed further below. 

 

FIGURE 2. COARSE AGGREGATE 

TABLE 2: PROPERTIES OF COARSE AGGREGATE 
 

Characteristic Values 

Color Grey 

Shape Angular 

Maximum size 20 mm 
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Minimum size 10 mm 

Specific gravity of 20 mm 2.75 

Specific gravity of 10 mm 2.72 

 

 
TABLE 3: SIEVE ANALYSIS FOR 20MM COARSE 

AGGREGATE 
 

Sr.n

o 

IS-
Sieve 
(mm) 

Wt. 

Retaine

d (gm) 

%Ag
e 

retaine
d 

%Ag
e 

Passin
g 

Cumulativ

e 
% 

Retained 

1. 80 0.00 0.00 100.0
0 

0.00 

2. 0 0.00 0.00 100.0
0 

0.00 

3. 20 59 1.97 98.03 1.97 

4. 10 2932.4 97.75 .28 99.72 

5. 4.75 5.8 0.19 .09 99.91 

6. Pan 2.80 0.09 0  

7. Tot
al 

3000.0  Sum (201.6 
+ 

    500)/10
0 

    =7.016 

 

Note: Total Wt. of coarse aggregate taken= 3000 gram 

TABLE 4: SIEVE ANALYSIS FOR 10MM COARSE AGGREGATE 
 

S. 
no. 

IS- 
Sieve(mm) 

Wt. retained 
(gm) 

%Age 
retained 

% Passing Cumulative 
retained 

1. 40 0 0 100 0 

2. 20 0 0 100 0 

3. 10 2022 67.40 32.60 67.40 

4. 4.75 933 31.1 1.5 98.5 

5. Pan 45 1.5 0  

6.  Total =3000 gm  Sum 165.9 

     FM =
 (165.9 

+500)/100=6.6
6 
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Note: Total Wt. of coarse aggregate taken= 3000 gram. 

FINE AGGREGATE: Fine aggregate is obtained by natural rock disintegration, crushing 

natural gravel, and crushing hard stone. According to IS 383:1970, it is separated into four 

portions based on the location from where it is accessible, namely Zone I, II, III, and IV, and 

it shall retain in IS sieve 4.75mm. Brown sand is employed in the current investigation for 

specimen casting. 

 

FIG 3. FINE AGGREGATE 

 

TEST & RESULT 

The results of experiments are provided and discussed here in order to assess the 

effectiveness of all mixtures' self-healing processes. Crack width measurements, visual 

examination of cracks, and compressive strength of self-healing concrete samples are 

among the outcomes. 

SLUMP TEST: 

 

FIGURE 4. SLUMP TEST 
TABLE 5. SLUMP VALUE WHEN% REPLACEMENT OF WATER WITH MICROBES AND 

STARCH 

 

% Of microbes and starch Slump Value (mm) 

0% 69 

2%mcb & 2% str 65 
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4% mcb & 2% str 73 

 

COMPRESSIVE STRENGTH TEST: 
 

 

FIGURE5.COMPRESSIVE STRENGTH TEST 

 

TABLE 6. COMPRESSIVE STRENGTH OF CUBE SPECIMENS 

 

CONCLUSION AND FUTURE SCOPE 

The experimental setting leads to the conclusion that when bacillus subtilis and starch are 

combined in concrete, compressive and flexural strength rises. C3S is more active than C2S 

when microorganisms and starch powder are added to water. We develop more early age 

strength than later age strength when C3S becomes more active. 

The water content of concrete is reduced by substituting water with microbes. The strength 

of concrete increases as the water content decreases. Furthermore, the introduced bacteria 

repair the micro fractures and pores of concrete, which improves the mechanical 

http://www.ijemt.com/


 
 

International Journal of Engineering, Management & Technology (IJEMT) 

www.ijemt.com, Volume 1 Issue III, May 2022, PP 32-39, ISSN (Online): XXXX – XXXX 

 

Gautam Monika et al. 39 

 

characteristics of concrete specimens. When there are pores or gaps in the concrete, water 

constantly enters the pores or fractures and activates the precursor. The activated precursor 

convinces the bacteria to react with it and generate CaCO3 (limestone), which acts as a 

mending (filler) substance for the pores or fissures. During the period spent promoting 

Calcite crystals through the nitrogen cycle, the soluble supplement is converted to insoluble 

CaCO3, effectively shutting it up. 
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