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Devdhar dwivedi,> Harish kumar diwakar **Hanumant sharan shingh
“! civil engineering department,Bansal institute of Engineering and Technology/Dr.A.P.J.Abdul kalam technical
university,india ,
2 civil engineering department,Bansal institute of Engineering and Technology/Dr.A.P.J.Abdul kalam technical
university,india ,
%civil engineering department,Bansal institute of Engineering and Technology/Dr.A.P.J.Abdul kalam technical
university,indi) ,

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 isdeals. 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
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I. 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 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, 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
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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 theself-healing
is noticed

Mechanism of Making of Bacterial Concrete
Bacterial concrete can be made in two ways, (1) By Direct application (2) By Encapsulation in lightweight
concrete

Bacterial spores and its food (calcium lactate) are added directly to concrete in this method when
concrete is mixed. The utilization of these microscopic organisms and calcium lactate doesn't influence typical
solid properties. For evident reasons, as breaks happen in the structure. The microbes are inclined to ecological
changes. They develop and feed on when water comes into contact with this bacterium. Calcium lactate and
calcium is made
Ca2+ + Cell _ Cell - Ca2+
Cell - Ca2+ + CO3 2+ _ Cell - CaCO3

Fig.1. Preparation of bacterial concrete

Working of the Bio-Concrete as a Repair Material

Due to the various reactions occurring in the bacteria, it results into the formation of calcium carbonate
which heals the cracks. Bacteria name bacillus are added to Fixing the breaks, in this manner. The microscopic
organisms and their nourishment, for example calcium lactate, are put in treated earthpellets by epitome strategy
and cement is readied. Which is around 6% of the earth pellets are added to make concrete from microscopic
organisms. At the point when solid structures are made with bacterial solid, when the break happens in the
structure and mud pellets are broken and the microscopic organisms sprout and eat the calcium lactate and
produce calcareous stone that solidifies the split and in this way seals it. Little breaks can be fixed with bacterial
cement at a width of about 0.5 mm.

The concrete during mixing along with calcium based nutrient known as calcium lactate, Nitrogen and
phosphorus. These ingredients remain intact with the concrete up to 200 years. Because of the shrinkage in the
concrete, it results into the formation of pores through which the water seeps and cracks are form.

Once the bacteria come into contact with the nutrients and water. The bacteria's spore germinates, and
bacteria feed on calcium lactate. It consumes oxygen and soluble calcium lactate gets converted in to insoluble
lime stones and hence this lime stone on solidifying seals the cracks. This process takes place within 7-days in
lab and outside at low temperature it takes several weeks. It resembles the mechanism in human body by which
bone fractures are healed by osteoblast cells. As the bacteria consume the oxygen in this process, it protects the
against corrosion.
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Because oxygen plays a vital role in the corrosion phase, thus increasing the steel's durability. It is taken care
that in separate expanded clay pellets, 2 to 4 mm wide, both the bacterial spores and the calcium lactate are
incorporated into the concrete. And they won't be activated during the process of cement mixing. These only
work when the pellets are exposed by the cracks and when the incoming water comes into contact with calcium
lactate and bacteria

Il. Literature Review

This is the heart of reviewing paper containing the work done by various author and the outcome of
various research paper. Following are some research paper from natioal and international research papers:

V. Ramakrishnan et al. (2001) conducted study use of microbiologically induced calcite precipitation
(MICP) to mitigate crack and fissure. MICP is the biomineralization technique in which living organisms shape
inorganic solids. They use as a microbial sealant bacillus pasteruii. The MICP was found to be cost-effective
and is a natural process for calcite production. This technique is used to improve strength and resistance. With
the presentation of cell grouping of microscopic organisms in concrete, the solidness is improved. By XRD (X-
Ray Diffraction) study, they quantified and visualized calcite precipitation by SEM (Scanning Electron
Microscope). Researchers claim that the presence of bacteria in various media enhances shrinkage and other
chemical attacks. Bacillus pasteruii was used by writers as a microbial sealant. [1]

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)studied that the introduction of bacteria to the concrete matrix helping the
concrete matrix against the water permeability and also up-to 10 mm deep cracks can be cured under the
bacterial action.[4]

Wiktor et al. (2011)It observed that viability of bacterial strain could also be check by oxygen
consump- tion rate, which leads to decrease in oxygen consumption in case of bacterial immobilization. The
FTIR Evaluation helps to attain the formation of calcite by bacteria that is an important factor in crack remedial.
The 100 days curing of samples shown the 0.46 mm crack width sealing as compared to that of controlled
concrete sample with bacterial immobilized concrete sample[5]

Varenyam Achal et al. (2011) the study was conducted and the effects of Bacillus sp. CT-5, cement
isolated, compressive strength testing and water absorption testing The discoveries demonstrated an expansion
of 36 percent with the consolidation of bacterial cells in the compressive quality of concrete mortar. Because of
microbial statement of calcite, treated solid shapes assimilated multiple times less water than control 3D
squares. This work shows that Bacillus sp makes "microbial cement." The unwavering quality of building
materials.[6]

Test& Resalt

Results from tests are presented and discussed here to determine the efficiency of self-healing process
of all mixes. These results include the crack width measurements, visual inspection of cracks, compressive
strength of self-healing concrete samples
Warkability test
[1]Slump test

Fig.2.Slump test
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% of microbes and starch Slump values(mm)
0% 69
2% mcb &2% str 65
4% mcb &2% str 73

Table.1:slump value when% replacement of water with microbes and starch

STRENGTH TEST:-
[1]Compressive strength test

Fig.3.Compressive strength test
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~ Table .2:compressive strength of cube specimens

I11. Conclusion and Future Scope

The purpose behind the completed literature survey was to go through the open literature on organism
uses to support concrete and cement mortar calcite. Microorganisms can be applied in two different ways to
concrete and morter; (1) Direct application, and (2) encapsulation techniques. We have focused uniquely around
the literature identified with the direct applications of organisms to improve the concrete's mechanical properties
and durability. Most written investigations show that Sporosarcina pasteurii and Bacillus megaterium are the
most fitting species in mortar or concrete for calcite precipitation. Endeavors could be made to find or grow new
strains of this or other species with improved calcification efficiencies and versatility in processing conditions
for different applications
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