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Abstract 
 
Microcracks are one of thereasons for the failure of the structure. 

Maintenance and repair work ofconcrete structure leads to more cost for 

repairing the cracks. In presentexperimental research work, an alternative 

repair method is applied to arrestthe cracks by using bacteria. That is a 

submission of bio-mineralization ofmicrobes during solid the main 

mechanism to apply the calcite mineralprecipitation formed by the bacterium 

in concrete repair works and cracks in concrete. The study resting on the 

opportunity of utilizing the precise germs is a sustainable and material fixed 

self-healing mediator is discussed and result commencing partial study is  
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deals. This was set up to facilitate microbial limestone precipitation resultant 

on or after the metabolic performance of complimentary microorganisms 

during solid improves the additional strength to arrear the cracks and helps to 

improve the structuralperformance and sustainibility of concrete. 

 

Keywords:   Self-Healing, Micro-cracks, Bio-mineralization, Mechanical 

properties, Bacillus subtilis MTCC441 

 

1 Introduction 
 

The disadvantage of this material is weak in tension so, this will lead to 

cracks under sustained loads, and because of aggressive environmental 

effects automatically decrease the time of the arrangement those be built by 

means of this resource. The procedures of spoil occur during the premature 

age of the composition and as well through its life span. Artificial resources 

are similar to as epoxies were using to repairs. But these be not well-suited 

pricey, decrease the outward show, in addition, to require even safeguarding. 

So bacterial induce Calcium Carbonate (Calcite) precipitation was projected 

because an alternative and location gracious fault repairs and then leads to 

improve the strength of building materials. The utilization of bacillus subtilis 

is added to the concrete specimen prepared in the sterilized form and mixed 

to the concrete specimen [1], to determine the healing nature at 28 days. It is 

observed that water absorption is decreased when compared to conventional 

concrete.   

This new concept leads to microbial Calcium Carbonate precipitation 

and the capability to seal cracks of manufacture material and numerous other 

application approximating seeing that split repairs of solid sand 

consolidation, restoration of the historical monuments and other applications 

this can be defined as “The procedure will occur inside or outside of the 

microbial cubicle or flat a little detachment left contained by the concrete. 

The bacterial performance minimally changes within explanation chemistry 

so as to lead towards more infiltration and limestone rainfall using this Bio 

mineralogy concept within solid lead towards the prospective discovery of 

fresh substance call ―Bacterial Concrete”. By incorporating bacterial spores 

along with certain nutrients like calcium nitrate or calcium lactate showed 

better results in self-healing in concrete specimen, also the rheology 

properties of the concrete are examined to show an increase in workability 

[2]. 

Biological self-healing concrete biologically develops the calcite crystals 

to arrest the cracks that appear lying on the shell of the real structure. 

Concrete mix is prepared by adding peptone, yeast, and Bacillus subtilis,  
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which are used to know the crake patterns for a concrete age period of 210 

days. Under SEM analysis, it was noticed there is a fall in sorptivity at 91 

days, other durability properties are also determined [3]. Investigation on 

crake with of high strength concrete showed 46% has the highest healing 

percentage for concrete by using high range water reducing admixture with 

crushed dolomite stones of size not more than 8mm and also with two 

variations of water – binder ratio [4]. A particular spore form microbe is 

alkaliphilic species bacillus, applied along among calcium base nutrients are 

incorporated into the concrete overhanging inside the integration irrigate This 

bacterium dependent nature sealing the mediator was assumed to remains 

hibernate surrounded by concrete awake near 200 duration. Whenever cracks 

will appear in the concrete mass or structure at that time automatically water 

will start to enter through the cracks then the spores of the bacteria will start 

the microbiological activities in contact with the water and oxygen. On the 

other hand, ultra-high-performance fiber reinforcement concrete with steel 

fibers and carbon nanotubes is studied to know the self-healing nature of 

concrete under high tensile failure and the ductility properties of concrete 

specimen [5]. Evidently proved that self-healing concrete is also suitable for 

a year-old engineered cementitious composite for healing the crakes of the 

concrete samples after 90 days curing [6].Visualization of autogenous crake 

healing in the mortar which contains high supplementary cementitious 

material reported a reduction in crakes patterns of mortar specimen examined 

by using microwave reflectometry [7].The process of precipitating calcium 

carbonate crystals through nitrogen cycle the soluble nutrients are converts 

into insoluble calcite .then the calcite solidifies on the cracking surface that is 

sealing it up it indicates the process of the bone fracture in the human body is 

naturally healed by osteoblast cells that mineralization to reform the bone. 

In the present study, the Bacillus subtilis bacteria is developed under the 

laboratory condition, in the controlled room temperature. The prepared 

bacterial medium is collected in a conical flask, is mixed in the concrete 

mixture in a fastidious manner. The concrete specimens were cast and 

allowed for the curing process. One the testing of the specimen is conducted 

in the controlled rate of loading; they were kept for the observation for the 

physical changes in the improvement and arresting of the hairline cracks. 

After the period of the 125 days observation showed a slight growth of the 

calcium precipitates near to the crack pattern. The bacterial medium thus 

helps to develop the calcium precipitates for the self-healing is noticed for 

future research studies. 
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Figure 1 Flow Chart of bacteria medium 

 

2 Utilization of Bacteria to Self-Healing the Cracks in 
Concrete 
 

In the suspension state, the bacterial is added to the concrete mix to meet 

the principle. Concrete is a more alkaline construction material, so that‟s why 

using bacteria as a self-healing agent should have to able to form spores to 

withstand mechanical forces at the time of mixing. Calcite type of material is 

formed when the soil bacteria get to react with the concrete in the CT 

laboratory. Precipitation of calcium carbonate is examined under the 

microscope to get. here it is found that the strains of the bacillus bacteria are 

found that thrive in this high-alkaline environment. This type of bacteria 

having a thick outer cell and grow up to favorable nature around it. When 

cracks get formed water enters the pH decreases the bacteria come into role 

and cracks are arrested. The study also stated o improve the healing of cracks 

in the asphalt mix which is used in the pavement by injecting capsules filled 

with calcium alginate as a medium for self-healing. Thermogravimetric 

analysis is showed better results in resistance to the loads [8]. Epoxy 

microcapsule and urea-formaldehyde are blended with the concrete mix to 

arrest the cracks and the restoration of the strength and permeability is also 

improved [9]. 

 

 

3 Bio-Mineralization Process 
 
  This can be defined as the biologically produced precipitation in which 

that an organism can create the local micro environmental features that 

allows optimal extra cellular chemical precipitation of the mineral phases.  
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Finally, almost all bacteria were capable of calcite precipitation. This process 

of the calcium carbonate was one of the strategies of repair cracks of the 

structural materials. In Similar manner, utilizing the biominerals and 

nutrients for the preparation of light-weight shale aggregate and bio mortar is 

prepared and tested [10].  

Calcium cells react with the bacteria outer surface on account it is having 

negative charge, reaction is dependent on availability of carbon and 

ammonium is released in ureas in nature of bacteria. The capability of self-

healing in concrete by adding the bacteria in the encapsulation way helped in 

autogenous healing [11]. It is in the present of the calcium ions, then the 

calcium reacts with the bacteria in this solution to give the bonding between 

the concrete and aggregates. 

 

4 Microbially Induced Crack Remediation 

 
 Ureolytic bacteria are used in the calcite precipitation that is carried by 

research work. Various microorganisms are involved in microbial mineral. 

Urese enzyme is the main responsible for calcium carbonate precipitate. 

Carbon dioxide and ammonia are formed due to urea with the help of an 

enzyme, pH raises concentration, and crystals of calcite are formed if once 

the supersaturation will occur. Urease enzyme made this ideally suited for 

crack repair of the building material applications. Crack repairs or other 

structural repairs are done as the reason for forming an impermeable layer 

due to the action of the precipitation process. Calcite attracts to the concrete 

in the form of scales. The bacteria will continue as long as the availability of 

water present in it. But now we should know how the compressive strength 

varies. The cubes are cured in the water and bacteria solution to arrest cracks 

formed. The innovation of bio blocks by using biominerals is highly accepted 

by the researchers to known the crack healing by the bacterial reactions [12]. 

As well for the recycled concrete aggregate with the nano minerals for the 

self-healing is successfully determined [13].     

 

 

5 Materials 
 
 For the present study the standard OPC of 43 grades is used and followed 

all the laboratory test for the cement according to the IS: 4031-1988 and IS 

8112: 1989 thus passing the quality of cement to be used for the research 

work, found to have specific gravity 3.5. Fine aggregate having 2.60 is the  
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specific gravity of river sand taken from the region of Jalandhar and natural 

coarse aggregate with 2.65 is the specific gravity is taken for the concrete 

mix following the guidelines of Indian standard concrete mix design. 

Combination of fly ash and ground granulated blast furnace slag along with 

pozzolanic material is used for the self-heling process [14]. The various 

mineral properties which are presented in the concrete specimen are analyzed 

under the water bath to derive the effects on the mortar specimen to know the 

self-healing characteristic [15]. 

 

6 Preparation of Bacterial Solution 
 

The liquid medium is prepared by dissolving the known amounts of 

chemicals in distilled water; the pH is adjusted by adding N/10 HCl or 1N 

NaOH. The liquid medium is dissolved into either Erlenmeyer flasks or 

rimless clean test tubes. In 15ml capacity of the test tube, a 5ml medium 

should be poured while in a flask of 250ml capacity, the amount medium 

should be 100ml. These are then plugged with non-adsorbent cotton plugs. 

The plugged tubes or flasks should be wrapped by brown paper and placed 

for sterilization by autoclaving at a pressure 15 lbs/inch2 (at a temperature of 

121˚C), for 15 min. The heat-sensitive substances (protein or enzyme etc.) 

should be sterilized by using membrane filters [16] (Millipore) the agar is to 

be dissolved separately and dispended after dissolving all ingredients of the 

medium, it is first to be noted that the glassware in use should be sterilized in 

the oven at 170˚C for 3hour before using. Such sterilized glassware is needed 

for pouring the medium used for cultivating the microorganisms [17]. Each 

and every biological process requires energy for their vital activities, the 

basic cell building requirements are supplied by the nutrition, which is 

manipulated according to its requirement [18]. Nutrition not only provides 

energy but also act as precursors for the growth of microorganisms. The 

nutritional requirement of an organism depends upon the biochemical 

capacity [19]. If an organism is capable of synthesizing its own food using 

various inorganic components, requires a sample nutritional diet whereas 

organism unable to meet such synthesis requires complex organic substances 

[20] additional method can be utilized for fertilizing the self-healing 

compound for the lightweight aggregate. 

 

7 Bacterial Culture 
 

Bacillus subtilis MTCC441 as shown in Figure.1 was collected from the 

Microbiology Project Laboratory, Department of Microbiology, School of 

Biotechnology and Biosciences, Lovely Professional University, Phagwara, 

Punjab, India. Bacillus subtilis MTCC441 is a non-fastidious bacterium and  
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therefore grown in nutrient broth medium (pH 7.0±0.2) as required. For the 

experiment, 3.25g nutrient broth powder was weighed and transferred to a 

500 ml conical flask containing 250ml of distilled water (total 2 flasks were 

prepared). The nutrient broth was dissolved properly using a glass road and 

the flask was plugged using non-absorbent cotton. Flask was placed in an 

autoclave and sterilized at 121°C, 15lbs pressure for 15 minutes. After 

sterilization, the flask was taken out and allowed to come down to the room 

temperature before inoculation of bacterial culture. 

 

 
 

Figure 2 Nutrient Broth Solution 

 

 

8 Inoculation of Culture and Growth Conditions 
 

Inoculation of the broth was carried out in a laminar airflow hood with 

highly aseptic conditions to avoid any contamination. The sterilized nutrient 

broth was taken to the laminar air flow hood [21] and inoculated with a fresh 

culture of Bacillus subtilis MTCC441 using a sterilized inoculation loop [22]. 

Flask was incubated at 37°C in an incubator for a period of 24hours. After 

incubation flask was observed for the presence of turbidity in the medium 

which is the indicator of bacterial growth and used further in the study. 

Microorganism bacillus subtilis (MTCC441) could be obtained from the 

chemical laboratory. The self-healing concrete is also observed by the  
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preparation from the oil swellable polymer modified cement paste [23] for 

the better results in the crack healing. 

9 Calcium Carbonate Precipitation 
 

Urease active is necessary for the calcite, urea, and calcium are needed 

along with bacteria. In the current research, two calcium sources calcium 

chloride hydrate Cacl2.4H2O and calcium nitrate pentahydrate CaNo3.5H2O 

is for precipitation of calcium carbonate will use 20g/lt urea and 49g/lt 

calcium. Now we have to consider the characteristics of the medium. The 

medium should neither be acidic nor alkaline. It should contain all kinds of 

nutrients in suitable amounts [24], it must be sterilized (free from microbes) 

before use [25] when 5-7% agar is added. The liquid broth becomes 

solidified, such media are used for agar plants or slopes and agar stab. 

In case no agar is used while preparing the medium. After inoculation 

and later incubation, the growth of cells becomes visible in the form of small 

mass on the top of the broth [26]. In such media are prepared by adding half 

quantity of agar (1/2 than required for solid medium) i.e. about 0.5% in the 

medium. This type of medium may be selective which promotes the growth 

of one organism [27] and retards the growth of the organism [28] On the 

other hand, there are differential media that serve to differentiate organisms 

growing together. But some bacterial cells are surrounded by the 

extracellular polymeric substances (EPS) which are commonly called 

glycocalyx. 
 

 

10 Mechanical Properties of Concrete 
 

Compression strength is  determined by using 100 x 100 x 100 mm 

laboratory cubes following all the standard procedure for the casting of 

concrete, the test is carried out for 7, 14 and 28 days curing period and later 

the strength on the concrete specimen is tested by using compression testing 

machine test results are plotted as shown in Figure 2, operating the load 

slowly at the rate of 140 kg/cm^2/min or 5.15 N/sec till the specimen get the 

initial crack is noted, observed to be a hairline crack and the load is gradually 

increased till the crack width is prolonged and the load is stopped till the 

clear visibility of crack pattern [29].  

The flexural beam is casted with a beam size of 100 x 100 x 500 mm 

[30] the average of three samples is tested to know the loading value of the 

initial crack. Before the testing the beam specimen is coated with the chalk 

powder in order to note the visibility of crack pattern with respect to the load  
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applied. The experimental results are plotted in the graph as shown in the 

Figure 3. The comparative results are examined through the SEM analysis to 

known about the efficiency of healing [31] and the application with ultra-

high-performance concrete [32] explained the positive results in the crack 

healing in the concrete specimen. Figure 4 shows Average flexural strength 

of concrete     

 

 
 

Figure 3 Average compressive strength of concrete 

 

 
 

Figure 4 Average flexural strength of concrete     
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11 Conclusions 
 

 It will arrest the cracks without the intervention of human and also 

increase the durability of the structure. The maintenance cost of the structure 

decreases and also the strength of the building also increases with an increase 

in the strength of material. Eco-friendly nature is decreasing the carbon 

emissions in the environment. Here Bacillus Subtilis MTCC441 

microorganism is used in the concrete mix along with the nutrient broth 

solution under some laboratory conditions, later the use of Bacteria in casting 

of the specimen to known the  Compressive strength and flexural strength 

tests carried out and the results are compared in between the normal concrete 

and bacterial concrete then, by comparison, we found that there is a positive 

the result is noticed in the compressive and flexural strengths of the concrete 

with bacteria creating the precipitation of calcium particles accelerate the 

bonding between the aggregate and cement particles. Enhance the concrete to 

heal the crack specimen is observed after 28 days compared with the normal 

concrete. The future studies are required to know about the durability aspects 

of the environmental eco-friendly concrete specimen. 
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