International Journal of Enhanced Research in Science, Technology & Engineering
ISSN: 2319-7463, Vol. 12 Issue 8, August-2023, Impact Factor: 7.957

Crack Repair Of Concrete Structure Using
Bacteria And Basalt Fiber

Hanumant Sharan Singh*, Dr. Gaurav Shukla?

'Research Scholar, Civil Engineering, Maharshi University of Information Technology, Lucknow, Uttar Pradesh, India
?Assistant Professor, Civil Engineering, Maharshi University of Information Technology, Lucknow, Uttar Pradesh,
India

ABSTRACT

Cracks are inevitable in concrete, despite widespread usage ofstructuress.Bacteriaself-healing is a novel method
loweringpermeability coefficient. A fiber-reinforced self-healing concrete havepotential employed on
construction becauseits resilience durability.Fiber's bridging activity could lessen the size of the fracture, and the
bacteria might release a filler substance to fill in the rest. Microbiological gains inhardness as a result. The four
kinds of mixtures created for researchbacterial concrete, standard concrete,and fiber-reinforced. Damaged and
repaired concrete samples are tested for their compression to determine the concrete’s ability to heal and mend
itself. Fibers added to bacteria significantly increase material's durability and strength, as shown by result tests
conducted in the article.
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INTRODUCTION

Aside water, concrete is most widely utilized in the civil engineering purpose. Because of its poor flexibility and high
resistant to cracking under compression, concrete inevitably develops crack under strain [1]. Restoring concrete
buildings may be done in several ways. Emergence of fractures of concrete greatly reduces its durability. As time
passes, the price tag for fixing concrete structures only increases. According to studies, cost of processing one cubic
meter of concrete varies from $65 to $80, while fixing cracks and performing maintenance costs close to $147. In
contrast, these approaches are not sustainable or viable in the long run [3, 4].

"It is important to remember that cracks are not viewed as a failure or damage in reinforced concrete constructions and
do not indicate a safety issue. When cracks get larger,concrete can no longer prevent reinforcing bars beneath it. Steel
corrosion is a leading cause of collapseconcrete portions. Generally, concrete's initial strength is unaffected by
microscopic fissures. A network of cracks is formed as a result of micro-cracks, and this greatly increases the concrete's
permeability. In turn, the concrete's resistance to the intrusion of hostile chemicals decreases [5, 6]. Hand-repairing
breaches in nuclear power plants and water sewage pipes are time-consuming and sometimes dangerous" [7].

"Self-repairing of concrte structure is crucial. Autogenous repairing of fractures established through field observations
and laboratory studies of cement materials. "Cracks with a maximum width of 0.1 to 0.2 mm mend themselves. It has
claimed fresh concrete with a width of 0.1 mm take several days to mend, whereas cracks with a width of 0.2 mm take
many weeks". Due to higher levels unhydrate cement, autogenous heal can occur on fresher concrete. However,
autogenous repair is challenging in older concrete [8-10]. Improve structure, scientists have recently devoted more time
to studying methods of limiting crack formation without resorting to intervention [11].They have also become interested
in the monumental response micro-level concrete degradation brought about by adding self-heal material. Concrete's
strengthand durability can be enhanced by employing various healing agents [12, 13], such as polymers and
biotechnological healing agents. According to the current literature [1, 8], there has been a growing attention of this
area, as seen in Fig. 1".

"Self-heal process is a very ancient ideas [14, 15]. When it comes to crackheal,most concrete constructions do not take
advantage of their full potential [16, 17]. Cracks can be repaired with a new, eco-friendly method that uses bacteria-
precipitated CaCO3 [18, 19]. Jonkers et al. [20, 21] have presented the method for autorepair.
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MATERIALS AND METHODS

Materials

Here, we employed a mix that included PPC, fine aggregates, coarse sandbasalt fiber. As Per Indian norms, PPC uses dry density of
3.1 [26]. 2.7-specific-gravity Zone Il per Indian regulations, FA ofless than 20 mm in size (20 mm nominal size). Researchers have
making concrete using regular tap drinkable water in lab. Figure 2 depicts the absorption on Bacillus subtilis bacteria. Findings of
bacterial tests shows in Table 1. This proves that Bacillus subtilis spores grown in a lab. Previous studies [11, 17] a bacterial
concentrate105 cfu/ml optimal boosting concrete strength. To get lactate using bacterial feed, a call was sent to findings of calcium
lactate analyses shown on Table 2.We see thatadding0.5% calcium lactate strenghth increases as it (based on the total cement
weight), as shown by the study [17].Specifically, the basalt fiberemployed for this investigation comes from Hydro Design
Management Co. Pvt. Ltd. in Noida, and its characteristics are listed in Table 3.

Table 1 Bacteria Identification

Testperformed | Colorobservation Indicatorused Result
Gram- Purple Crystalviolet Gram-
stainingreaction positive
Starchtest Surrounding StarchandlodineSolution Positive
hasthe dark color
of the whole
mediumexceptthe
colony
Table 2: Calcium lactate physical properties
Value Parameter
<2partspermillion Arsenic
Solubleinwater Solubility
<80partspermillion Iron
23.50% Lossondrying
Whitepowder Appearance

<20partspermillion Heavymetals

Table 3 Basalt fiber Properties

Value Parameter
2.7 Specificgravity
3200-3850 Tensilestrength(MPa)
12 Length(mm)
93 Elastic modulus (GPa)

Design to prepare the concrete

"combined PPC, coarse aggregate, bacteria, fiberand lactate.You may use one of three different water-to-cement ratios while
churning out concrete. Indian Standard made concrete IS: 10262-2009. Ratio of water to cement had a pivotal function, while other
ingredients, includinglactate, basalt fiber, bacteria played supporting ones. The control mixture (Mix 1), basalt fiber mixture (Mix 2),
Mix 3, 105 cfu/ml of bacteria and 0.5% calcium lactate of cement, Mix 4 basalt fiber mixed both perform similarly. Table 4 displays
the combination criteria. Table 4 displays the results of our analyses of the fresh and hardened concrete characteristics of the concrete
mixes, which help us better understand on quality".
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Fig.1Concrete healingYear-wisepublications[1, 8]

Workabilityofconcrete

"To determine how easily new concrete could work of freshly mixed materials may be quantified by its slump value. Another
common and well-known technique for gauging concrete's workability is the compaction factor test. For low-workable mixe,
Compaction factor yields more ".

Mechanical properties

"Compressive Strength tests and flexure used to evaluate concrete's hardened qualities. Concrete's strength was measured using 100
mm (cubic) cubes, specified by International Standard (IS) 516-1959 [31]. "Flexural strength for concrete sample was measured
using 500 mm x 100 mm x 100 mm samples, as specified by 1S: 516-1959. Compression strength testing is performed on samples of
a material cured in water at 7, 28, and 56 day". Average findings from 3 tests is used to calculate flexural and compressive strengths”.

2.4 Micro-structureanalysis
"The concrete's examined using SEM examination using the ZEISS SEM machine. Curing sample retrieved after 28 days and soaked
into acetone to end curing from continuing. After collecting, it processed into 1 cm cubes with a polished finish. To facilitate the
acquisition of sharp SEM images, On the other hand, EDX analisethe key surface components".

Sum EHT=00.00kV Signal A=SE1 Date: 11 Aug 202
—
WD=8.0 mm Mag=5.00KX Time: 17:03:23

Fig 2 Microstructure of concrete with cracks
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RESULTS AND DISCUSSION

Concrete Workability

"Flexibilityimprovedintroducingmicroorganisms, stabilizing agents, fiber. It shown that including lactate raises slump values,
whereas basalt fiber lowers them. Compaction factor testing results comparable to those presented in Fig. 4 are displayed. As
traditional mixture, bacterial concrete's workability fluctuates. Calcium lactate acts delay the setting and increase its
workability [15]. It makes bacterial concrete easier shape. Basalt fibers prevent it from clumping by absorbing part of the
water used in mixing and increasing friction b/w the fibers and the cement. Due to this procedure, it is more challenging to
deal with volcanic dispersion cement or microbiological aggregate for embedded basalt fiber.

Mechanicalpropertiesofconcrete

"Bacteria-based concrete when reinforced with basalt fiber, its compressive strength improves. Additionally, flexural strength
has been shown to improve. You can see how microorganisms boost compressive strength in Figure 5. Based onwater-to-
cement ratio, the strength increased by 20%, 24%, or 27% when compared control mix. Bacillus subtilis bacteria were added
to the concrete, and the optimal water-to-cement ratio was lowered. Since the bacterial concrete's calcite development fills in
the spaces and adds strength, it lasts longer than regular concrete".

"Additionally, it was showncompressive strength improved, porosity decreased by adding CaCO3 produced by bacteria.
CaCO03, a byproduct of bacterial metabolism, is plug holes of concrete, increasing its strength, demonstrated in [11, 17].
Basalt fibers are added to conventional & bacterial concrete to increase their strengths. As a bridge in crevices, basalt fiber
increases the load-bearing capacity when added to a material. Because the basalt fiber may continue to support increasing
loads after the initial fracture, bacterial concrete increases the concrete's overall strength and workability. when w/c ratio rises,
concrete becomes more workable but weakens. All concrete mixtures followed the same pattern. but, when comparing
bacteria in a control mix, its workability and strength increase. Concrete's workability reduces with fiber but its strength
increases significantly. Basalt is less workable because the inclusion of basalt fibers increases friction between the fibers and

the cement. Adding fibers to bacterial concrete increased strength with approximately identical workability to conventional
concrete".
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"After 28 days, concrete specimens scratched by applying 60% their load-carrying capacity to learn about concrete's recovery
qualities after heal. Moreover, Compressive strength was measured after 28 days for the repaired samples and compared to 56
days for the undamaged samples. Figure 6 compares the compressive strength of undamaged and 56-day-old preloaded
samples to that of the healed samples. Comparing control mix, concrete strength made with bacteria is greater once it has
healed. It has shown that bacterial concrete enhanced with basalt fiber has a greater capacity for strength recovery than
conventional concrete. After 56 days,unrecovered strength may be calculated by comparing the strength of the uninjured
samples to that of the healed samples. At a water ratio of 0.4, MIX 4 has unrecovered strength of 16.7 percent, whereas MI1X 1
has a far higher unrecovered strength of 30.7 percent. Therelittle strength loss while constructing using either unreinforced or
fiber-reinforced bacterial concrete. Recovery rates of concrete mixtures and bacterial concrete supplemented with basalt fibers
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have been much higher than those of traditional concrete. Concrete characteristics are successfully recovered after preloading
bacteria cement and bacterial concrete with basalt fibers. Has a low degree of flexibility and a high likelihood of breaking.
Interior micro-cracks in cement arethe primary cause of durability problems. Concrete composites' reliability and effectiveness
depend crucially on careful management".

CONCLUSIONS

Research explores using bacteria & basalt fiber to enhance and regain concrete qualities in damaged samples. It healed by
microbial CaCO3 precipitation have recovered their workability, mechanical characteristics, and strength from testing. Both
compressive and flexural strengths of bacterial concrete benefit from the inclusion of basalt fiber. Including basalt fiber
marginally reduces the workability, yet, bacterial concrete still demonstrates high workability. Incorporating basalt fiber into
the healing process helps restore characteristics. Calciteverified using scanning electron microscopy. Calcite increase
performance by filling pores and fine fractures. Using basalt fiber in bacterial concrete has been shown to restore the
material's compressive strength. The electrical resistivity data confirm that the repaired concrete has returned to its original
qualities.
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