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Abstract: At first glance, the air content of RCA concrete seems to be higher in the first phase of mixing than it appears to 

be in the control mixture of RCA concrete at the same stage of mixing. Most likely, increasing the length of time it takes for 

more air to escape from the concrete mix will help to reduce this problem. You will need to do more research in order to 

make informed decisions on this matter. As a method of enhancing the quality of RCA concrete, the use of B. subtilis bacteria 

to mineralize calcium carbonate has been suggested in this study as a possible solution. The use of this method may be able 

to relieve some of the problems associated with RCA concrete to a certain extent. This investigation focuses on three 

components of RCA concrete: dry dryness (variables from the durability module, penetration and quick chloride infiltration 

tests), long-term impacts of RCA concrete, and the durability module's durability module, penetration and quick chloride 

infiltration tests. These three components of RCA concrete should be investigated in addition to the typical behavioural 

testing. 
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I. Introduction 

Bacterial studies in self-healing concrete have resulted in the usage of bacteria as a self-healing agent in the case of ureolytic bacteria 

[23]. For example, Bang et al. [29] have shown that CaCO3, which is generated by the breakdown of urea by ureolytic bacteria, has 

been found to be beneficial in increasing the strength and healing of concrete microcracks [29]. Ghosh et al. found an increase in 

mud strength when the Shewanella types used [30] had the same impact as the Shewanella varieties used in the previous study. 

When compared to conventional treatments, Bacillus sphaericus, another popular kind of ureolytic bacterium, has been found to 

have stronger strength induced by CaCO3 rains [31]. This has also been proven to be linked with better durability. Bacterial 

resistance is not only seen in conventional concrete (for example, Portland cement used as a bond), but it has also been observed in 

fly ash and other waste materials. Several studies, like those conducted by Chahal et al. [32], have shown that S. pasteurii has an 

extra value in terms of powerful thinking, water absorption, and chloride availability. In addition, increasing the survival rate of 

bacteria in the cement matrix is a widely studied material for self-healing concrete due to the fact that it is directly linked to the 

material's capacity to repair itself. One method of doing this is to directly attach the germ particles to the concrete while 

simultaneously supplying calcium and urea during the mixing process [19]. Furthermore, microcapsulation of bacterial grains has 

been proven to be beneficial in guaranteeing bacterial survival [19,22], in addition to the internal pressure produced by the stiffness 

of the concrete when the spore is compressed. 

As well as the many research investigating the different methods in which bacteria may cure themselves, these studies have used a 

single bacterium that produces the enzyme urease, which suggests that there is still considerable potential for advancement in the 

field of microbial metabolism. Additional research into a self-contained concrete containing bacteria was conducted in order to 

determine the limitations of the healing effects of the fracture's extent and the time of fracture formation. The healing effects of 

self-adhesive concrete are evaluated in relation to the extent of the fracture and the duration of the fracture in self-adhesive concrete 

including the parameters of the healing effects. As reported by Luo et al. [25], it has been discovered that a fracture with a width of 

0.8 mm is difficult to cure, and that fracture healing becomes more difficult as the width of the crack grows. They also discovered 

that when the interval between fracture development and healing was greater than 60 days, the impact of fracture healing was 

substantially reduced [25]. As a result of these impediments to the efficacy of cracking treatments based on ureolytic bacteria, 

further study is required to improve the pace of fracture healing. Research is now being conducted to see if the self-healing substance 

produced by interacting bacteria may be used to enhance the efficacy of CaCO3 rains. 

Crushed concrete, which is generated as a consequence of the demolition of historic structures, is currently manufactured at 

considerable cost. The worldwide average yearly garbage output is 145 million tonnes [1], according to the United Nations 

Environment Programme. The amount of area needed to properly dispose of this garbage is enormous. It is thus critical to reconstruct 

construction debris in order space landfills save by preserving resources []. Use of leftover materials has been shown to decrease, 

land emissions, and prices [2 - 4]. Aside from that, the usage of contemporary manufacturing, particularly in the context of 

continuous and environmentally friendly building methods. These publications describe a number of efforts to manufacture 

structural concrete using the RCA method of production. It is essential to remember that in these experiments, a certain amount of 

parent concrete is always present in the RCA, which is linked to the stone particles. It is this unsTab  mud that produces a weak 

hole with holes that impair, as a result, poor quality [8, 9]. Considered noteworthy is the differential in strength between the 
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employment may assist in resolution of problems a certain . Urease activity [14-16] by subtilis bacteria, which may restart urea 

hydrolysis into ammonium and carbonate, has been shown to affect CaCO3 concentrations. To begin, urea was diluted with 

carbamate and ammonia that had been introduced intracellularly. When carbamate hydrolyzes, it produces an increase in ammonia 

and carbonic acid automatically. Following that, bicarbonate, ammonium, and hydroxide ions are produced by these products. When 

this interaction occurs, the pH of the atmosphere is raised, which changes the equilibrium of bicarbonate and causes the formation 

of ion carbonates to occur. As a consequence, insoluble CaCO3 is formed, which plugs the pores of the concrete and increases its 

resistance to cracking. 

 

Recycled coarse aggregate  

Concrete that has been removed is often seen as worthless and dumped as demolition material after the destruction of ancient 

roadways and structures. Used concrete aggregates (RCAs) are created by removing old concrete from the ground and breaking it 

down (Fig  1). It is the rough RCA that is the focus of this research, which is a mixture of coahhrse of the initial concrete that is 

produced following the extraction of mud from recycled rock and other components. When compared to new building applications, 

RCA is a relatively recent technology. Following the conclusion of World War II, when buildings and roads were badly damaged 

and there was a significant demand for trash collection and rebuilding in Europe, Buck (1977) describes the beginning of the usage 

of the RCA as follows: As a result of the pressing necessity to repurpose concrete, the usage of RCA has declined significantly. A 

great deal of investigation has been conducted into how recycled concrete (RCA) may be utilised to return underused natural 

environment (NA) to construction concrete. 

 
Fig 1. Ama-aggregates of i-RCA 

 

Aggregate Properties 

The differences and similarities between RCAs and NAs are addressed in this part of the paper. Having a better understanding of 

how composite compositions operate may help you comprehend. The compaction, porosity, and water absorption of the composite, 

as well as the shape and coating of the composite, are the primary components of the composite. The abrasion resistance of the 

composite is another important component. 

Porosity and water absorption are two variables that must be considered in conjunction with the residual mud. Because of its limited 

porosity, NA retains relatively little water; nevertheless, the connected RCA morter is much stronger than NA, enabling the material 

to contain significantly more water in its pores. When tested in complete, dry terrestrial circumstances, researcher discovered water 

absorption of 0.4-2 percent NA and 7.1 % of RCA, as compared to the previous finding of 4.2 percent. Other investigations have 

shown a difference between 5.61 and 4.5-5.6 percent in the case of RCA absorption, compared to 1.1 and 2.6 percent when the 

presence of NA is taken into consideration.  

A concrete mix's porosity and water absorption characteristics are the most essential variables to consider when determining the 

appropriate number of composite materials to include. It is recommended that these considerations be taken into account in order 

to restrict the combined absorption capacity of structural concrete to no more than 5 per cent, and, as described later in this article.  

 

Shape and Gradation 

This is determined by how the composite particles are shaped and how they may be utilised. For example, Exteberria and colleagues 

(2007a) cautioned that while formulating an RCA, the method and kind of crusher utilised in the process are critical considerations. 

NA is often represented with a very smooth shape. The RCA generated by the plant is first presented as an art in sewing by Sagoe-

Crentsil et al. (2001), followed by a discussion of the circular, circular shapes of the RCA that seem to improve its performance. 

The residual RCA lump has the potential to exacerbate the negative edges of the original value. This enables the fresh morter to 

flow seamlessly with the old morter. An additional topic covered in this article is how the combined form impacts the performance 

and features of concrete strength and how this may be mitigated. 

http://www.ijsdr.org/


ISSN: 2455-2631                                                                © July 2021 IJSDR | Volume 6 Issue 7 

IJSDR2107029 www.ijsdr.orgnternational Journal of Scientific Development and Research (IJSDR) I 179 

 

The range within which the rate of integration must be set in order for the built concrete mix to be accepTab  is defined by concrete 

collection standards, which are published annually. Sagoe-Crentsil et al. (2001) discovered RCA gradation curves that were both 

inside and outside of the necessary range, as did Shayan and Xu (2001). (2003). This implies that the RCA should be able to 

maintain an accepTab gradation in terms of suiTab principles without having to make any modifications. 

 

Crushing and L.A. Abrasion 

The crushing and scratching experiments were conducted to see how long the composite material would last on its own. When 

performing the LA abrasion test, it is standard practise that the RCA has greater rates of crushing and LA scratches than the NA. 

This implies that the total is obstructed and crushed or contacted with metal balls throughout the test. When a critical analysis was 

performed, 23.1 percent of the samples were found to be from Basalt (NA), and 24% were found to be from the RCA when a critical 

analysis was performed on two separate investigations. In two studies, the rates of LA RCA compared to NA were found to be 32 

percent compared to 11 percent and 26.4-42.7 percent compared to 22.9 percent, respectively. These tests produced a positive result 

since the RCA has leftover material that may readily fall into the frequently weaker inner concrete area. This is an excellent outcome 

(ITZ). As expected, the leftover RCA mud will break down when loaded, and the NA does not suffer from the same level of loss 

as the RCA mud did. 

This is shown by the RCA's response in the crushing and bruising tests, which shows that the adhesion morter is insufficient. 

Because this layer may interfere with the bonding process itself, a sticky mortar layer may also serve as a weak link between the 

concrete and the rest of the structure. 

 

PROPERTIES OF RECYCLED AGGREGATE  

Since a result, considerable understanding of composite-based compounds is required for the incorporation of these compounds 

into novel concrete mixes, as some of their fundamental properties vary considerably from those of compound structures obtained 

from natural sources. Aside from that, the quantity of cement that is connected to the composite composites that are utilised (Fig  

2), as well as the quality compound generated via, has a significant impact on the variability. However, when recycled composites 

come from a variety of diverse of recycled composites, variability its properties, is much more than that of natural calculations. 

 
Fig 2. Presented recycled aggregate grains [2] 

 

Aggregate grading  

Compound layouts that have been reconstituted frequently meet the combined environmental standards, whereas re-designation is 

frequently required for well-revised combinations because more practical information suggests that a certain amount of grass tends 

to be higher than the required ecosystems [2,3]. It depicts the various recycled components that are used in the normal way in the 

construction industry. 

 
Fig 3. Shape and surface texture of different fractions of recycled aggregate 

 

Shape and surface texture of aggregate particles 

the reconstituted chemicals are less effective than the original ones. Letters that are irregular, often angular, rough and broken, and 

porous are used. In addition to affecting the performance of new concrete and the availability of liquid and gas in the highly formed 

area, these grain factors are highly dependent on the concrete areas used to recycle the composite, particularly their strength, 

porosity, and exploitation conditions, but they are also highly dependent on the methods and standards of recycling. 
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2.3. Water absorption  

The recycling of water for the production of recycled compounds is a completely distinct element from the combined value derived 

through the use of raw materials. The composite concrete utilised has been proven to have considerably greater absorption rates 

than natural clusters in all of the research that has been done in this area. As a result of its weak structure (in comparison to natural 

compounds), the initial essential component of compounds) high porosity that is highly reliant on the irrigation parameters of the 

original (old) cement. As the quantity of morter linked to the grains of the original recycled compound grows, the water absorption 

of the recycled compound becomes very high. In fact, it has been shown that the value of cement mortar varies between 25 and 65 

percent when used in recycled composite materials (by volume). The composition varies in certain aspects; for example, the lower 

the percentage, the greater the quantity of cement and the greater the water absorption rate [2]. Furthermore, according to certain 

experts, worldwide research reveals that the quantity of old cement mortar stated is dependent on the recycling procedure, suggesting 

that the maximum hole value in aggregate aggregates is not greater than 44 percent. As a result, concrete resorption rates between 

20 percent and 30 percent are recommended by specialists at the University of Hong Kong, who also recommend total utilised 

aggregates be percent. well consolidation of has a small rate of percent, whereas combined values are generally thrown from 3.5 

percent to 10 percent within 5.5 percent and a good integration rate of between 5.5 percent and 13 percent [ 2.7], respectively. To 

comply with Japanese standards for the use of reconstituted composites as part of concrete, the roof has been designed so that the 

rain component of the reconstituted concrete has a concentration of up to 7 percent [8] and fine particles have an absorption of up 

to 13 percent [9], which is equal to about 10 percent of the aggregate used in concrete production. When creating a new concrete 

mix on the basis of a collection of recycled composite materials, one of the most important things to consider is the absorption 

capacity of the components. Improved water absorption in the mixed aggregates leads to a range of physical advantages by affecting 

the porosity and consistency of the cement, as well as the consistency of the cement. 

 

Ureolytic bacteria 

In addition to the fast increase in cement use, there is an increase in the need for strong and lasting structures. By 2020, the cement 

sector is projected to have an annual growth rate of more than 9 percent, according to predictions. (Technavio.com). Higher cement 

output results in increased CO2 emissions, which is a significant greenhouse gas. As a result, any method that lowers the usage of 

cement has the potential to make a substantial contribution to environmental protection. Biomineralization was used to improve the 

strength and longevity of the cement structure, and microorganisms were used to do this (thereby reducing the use of cement). 

Natural mineralization is defined as a natural mineral state in which a creature causes the formation of mineral deposits in a limited 

region of the environment under circumstances that induce a rain of foreign chemicals to fall above the chemical atmosphere. This 

is accomplished by the virus's cell walls undergoing heterogeneous nucleation. Biomineralization may be seen in many different 

areas of the ecosystem, including the soil, the topography, freshwater biofilms, tropical springs, salt lakes, and the ocean. For many 

years, biomineralization has been utilised in a variety of technological projects. The transformation of sand into stones by soil-rich 

microorganisms is a fascinating biomimetic process that occurs in nature on a regular basis. After that, it was found that this 

alteration was caused by Bacillus pasteurii, a bacteria that inhibits the formation of calcite while also serving as a binding agent for 

calcite. Because of this, the introduction of bacterial precipitating calcite may be able to address the requirement for energy boosting 

in certain cases. Whiffin and colleagues demonstrated that microbial calcite precipitation increased the soil carrying capacity of the 

soil (2007). The entire quality of concrete, including durability and durability, is recorded as rainwater for tiny minerals using 

ureolytic bacteria, and this information is used to determine the durability of concrete. Ureolytic bacteria need urea in order to carry 

out their activity. When treating sulphate-containing solutions, bacteria may be applied externally as a hardening agent for curing 

concrete. Using antimicrobials, you can keep carbon and chloride concrete from entering your home or office building. For Ureolytic 

bacteria, a new and safer natural healing technique has been discovered and implemented. 

In the past, much of the study has been on bacterial ureolytic. According to recent findings, ureolytic bacteria generate ammonia 

gas, which is potentially hazardous to human health. Non-nonureolytic bacteria are employed to evaluate the rainfall capacity of 

calcite produced via biomineralization in order to avoid the potential of health problems arising as a result of this procedure. Jonkers 

et al. (2010) examined the impact of nonureolytic bacteria on the hardening and solidification of cement stones in a laboratory 

setting. To better understand the features of hardness, Xu and colleagues (2014) tried to employ nonureolytic bacteria to treat the 

surface of a mud lump in order to study the characteristics of their hardness. Several prior research on the properties and strength 

of ureolytic bacteria employed in concrete and mud have been conducted in the past. There are no studies on the use of bacterial 

nonureolytic characteristics in concrete, mortar, or hardening properties that have been conducted. Bacillus cohnii, a non-olyolytic 

bacteria, is being used in current research to investigate the engineering properties of cement in a similar manner. The engineering 

characteristics that were evaluated in this research were time, sound, compression strength, capillary fluid = absorption qualities, 

dehydration, and the microstructure of the cement mortar mortar. 

 

Material And Methodology 

Following a thorough examination of the literature, it was discovered that there has been minimal investigation into the enhance 

primary goal research determine if addition microorganisms might enhance the performance of RCA (which sets 100 earth 

aggregates at 100 percent). Currently accessible, readily available, and very successful research on calcite synthesis in an alkaline 

environment have made use of B. Subtilis [15]. These bacteria are frequently found in soil, where they are not harmful and are thus 

considered to be economically natural. 

 

Properties of fine and recycled coarse aggregate 

(Excellent collection) is gathered from a nearby river and utilised in this research. IS: 383-1970 [46] is a good collection of sand 

that is accessible locally by each participant. In order to maintain the combined size between 20 and 4.75 mm, the parental concrete 
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is crushed using a small coarse aggregate jaw crusher that was acquired. the shown in. Following International Standard (ISO) 2386 

(Part III) -1963 [47], a suiTab  combination of RCA, and NCA physical properties was determined and is given in Tab  4. 

Table 1 . Features of reconstituted composite, natural composite composite, and composite natural composite 

 
Crushed concrete, which is generated as a consequence of the demolition of historic structures, is currently manufactured at 

considerable cost. The worldwide average yearly garbage output is 145 million tonnes [1], according to the United Nations 

Environment Programme. The amount of room required to accommodate this enormous accumulation of trash. It is thus critical to 

reconstruct construction debris in order space landfills save by preserving resources [1]. Use of leftover materials has been shown 

to decrease, land, emissions, and prices [2 - 4]. Aside from that, the usage of contemporary manufacturing, particularly in the context 

of continuous and environmentally friendly building methods. These publications describe a number of efforts to manufacture 

structural concrete using the RCA method of production. These experiments demonstrate that a certain quantity of parent concrete 

is always present in the RCA and is permanently bonded to the rock particles. It is this unsTab mud that produces a weak hole with 

holes that impair the, as a result, poor quality [8, 9].  

 

Investigational and Analysis  

 

4.1 Investigation of Bacillus subtilis 

It was obtained from the Institute of Microbial Technology (IMTECH) in Chandigarh, India, and is a strain of Bacillus subtilis 

(MTCC.736) that generates calcium carbonate rainfall and can be kept alive indefinitely on agar slantslant. One colony of plants 

was harvested and blended with nutrient-dense food broth before being put at 37 degrees Celsius at 150 revolutions per minute with 

continuous stirring. As shown in Tab 1, the intermediate composition of the nutrients utilised in normal cultivation is intermediate 

in composition. 

 

 
Fig 4:  Growth curve of B. Subtilis. 

 

4.2 Growth kinetic study 

The growth kinil test was carried out using a UV-V spectrophotometer to determine the rate of kinetic growth (Lamb 35, Singapore). 

It is necessary to add one culture loop of germs from the storage container to the nutrient broth. It is necessary to test the culture of 

the culture every 1 hour by measuring its oxygen consumption (O.D.). After that, a graph is shown in order to Fig out the growth 

curve of the experimental body. depicts developing experimental body, which is divided into various categories, including lag, log, 

and vertical portions, as shown in the Fig. Using the kinetics of B growth. subtilis, it is possible to choose the antimicrobials that 
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will be used to add concrete. The lag phase of kinetics growth is characterised by the lowest bacterial-cell count (less than 101 cells 

per millilitre), while the middle log phase of kinetics development is characterised by the filtration of more than 103 cells per 

millilitre. It is common for the greatest number of active cells to be observed in the log late or early phases of kinetics, indicating 

about 106 cells per millilitre of solution. At 107 cells per millilitre, the number of live cells is minimal, and the activity of the cells 

diminishes as a result. In this research, a combination of four cells at concentrations of 101, 103, 106, and 107 calls per millilitre of 

medium was examined, taking into account. 

 

4.3 Cement Used  

Cement Used near the steel industry. The current study uses PSC-compliant cement: 

 

 
4.4 Fine and regenerated coarse aggregate properties 

In this research, we acquire and utilise local sand (good aggregates) according to IS: 383-1970 [46], which was obtained from a 

nearby river. Parental concrete is crushed with a tiny jaw, reusing coarser materials while maintaining aggregate size, according to 

manufacturer. The shown in. As described in IS: 2386 (Part III) -1963 [47], the physiological characteristics of positive aggregates, 

RCA, and NCA were determined and are presented in Tab 4. 

 

4.5 Mixture proportion  

Certain contaminated concrete mixes, both on and off, have been examined in order to explore possible increases in RCA concrete 

strength. Following the collection of weights, the mixing design was used in accordance with the standard concrete building 

technique of IS 10262-1982 [48]. The RCA concrete mixtures are intended to fully replace the NCA concrete (100 percent). The 

cement content is maintained on a regular basis, every and every 372 kg/m3. NCA concrete was created and is now being used as 

a reference for the study of different chemicals in diverse environments. There were four distinct viral anchors densities, and 107 

Per, which were designated as B-1, B-2, B-3, and B-4. It was possible to accomplish bacterial screening by repeatedly planting the 

bacteria and then spinning the plants minutes better understand bacterial impact, combination -free germ control explored. Tab 5 

contains the specifics of all possible pairings. 

 
Fig  5. Coarse aggregate scope distribution curve for RCA. 

 
For additional water absorption prevention, the RCA one then for 24 being tossed into dry region as the NCA. In the laboratory, 

both the raw and fine concentrations of cement were mixed with cement for two minutes before the addition of water was started. 

It is estimated that about 10% of total water is absorbed and utilised for mixing bacterial concentrations. A little amount of water 

(90 percent) is added, and the dry aggregates and cement are mixed for one minute. And then it took another 3 minutes to mix the 

dilute bacterial solution and concrete together properly. 
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Discussion of the findings 

Compressive force is measured in kilogrammes. 

A new tank creation rain in the eye, as shown in Fig, is a good example. The fullness of 106 cells / ml of RCA concrete and RCA 

non-bacterial concretes is shown in), respectively. In certain cases, a white foam-like object may be seen that is absent from the 

surfaces of two other objects. In the next two Tab s, the compressive strength between the different bacteria concentrations is 

presented after seven and twenty-eight days, respectively. In both 7 and 28 days, the pressure exerted by the bacterial concrete rises 

in direct proportion to the increase in cell concentration. However, at 106 cells per millilitre of solution, the trend is reversible. The 

same results are shown in Fig. RCA concrete has a maximum 28-day improvement in compressive strength that is 20.93 percent 

(of the RCA control compound) when the compound is applied at a). It apparent in the literature on NCA concrete [39,40] that a 

similar tendency exists. 

 
Fig 6 Pictures of new concrete showing rain calcium carbonate. 

The air content of RCA concrete seems to be greater in the first phase of mixing than the air content of the control mixture of RCA 

concrete in the first phase of mixing This may most likely be decreased by increasing the amount of time it takes for more air to 

escape from the concrete mix. You will need to do more research in order to make comprehensive choices on this issue. The use of 

B. subtilis bacteria to mineralize calcium carbonate has been proposed in this research as a means of improving the quality of RCA 

concrete. This technique may alleviate some of the difficulties connected with RCA concrete to a certain degree. The three 

components of RCA concrete that are the focus of this investigation are, dry dryness (variables the durability module, penetration, 

quick chloride infiltration tests, and long-term impacts of RCA concrete should be investigated in addition to the typical behavioural 

testing. 

 

References 

[1] Justo-Reinoso, I., Heath, A., Gebhard, S., & Paine, K. (2021). Aerobic Non-UB-based self-healing cementitious 

composites: A comprehensive review. Journal of Building Engineering, 102834. 

[2] Xu, J., & Yao, W. (2014). Multiscale mechanical quantification of self-healing concrete incorporating Non-UB-based 

healing agent. Cement and concrete research, 64, 1-10. 

[3] Gat, D., Tsesarsky, M., Shamir, D., & Ronen, Z. (2014). Accelerated microbial-induced CaCO 3 precipitation in a defined 

coculture of ureolytic and Non-UB. Biogeosciences, 11(10), 2561-2569. 

[4] Xu, J., Yao, W., & Jiang, Z. (2014). Non-UBl carbonate precipitation as a surface treatment strategy on cementitious 

materials. Journal of Materials in Civil Engineering, 26(5), 983-991. 

[5] Abedalqader, A., Shatarat, N., Ashteyat, A., &Katkhuda, H. (2021). Influence of temperature on mechanical properties of 

recycled asphalt pavement aggregate and recycled coarse aggregate concrete. Construction and Building Materials, 269, 

121285. 

[6] Rezaiee-Pajand, M., Abad, J. M. N., Karimipour, A., &Rezaiee-Pajand, A. (2021). Propose new implement models to 

determine the compressive, tensile and flexural strengths of RCACvia imperialist competitive algorithm. Journal of 

Building Engineering, 40, 102337. 

[7] Feng, J., Yin, G., Tuo, H., &Niu, Z. (2021). Parameter optimization and regression analysis for multi-index of hybrid fiber-

reinforced RCACusing orthogonal experimental design. Construction and Building Materials, 267, 121013. 

[8] Razzaghi, H., Madandoust, R., &Aghabarati, H. (2021). Point-load test and UPV for compressive strength prediction of 

RCACvia generalized GMDH-class neural network. Construction and Building Materials, 276, 122143. 

[9] Harish, B. A., Ramana, N. V., &Gnaneswar, K. (2021). Experimental and analytical studies on recycled coarse aggregate 

concrete. Materials Today: Proceedings, 46, 294-300. 

[10] Tiwari, P. K., Sharma, P., Sharma, N., & Verma, M. (2021). An experimental investigation on metakaoline GGBS based 

concrete with recycled coarse aggregate. Materials Today: Proceedings, 43, 1025-1030. 

[11] Hou, S., Duan, Z., Xiao, J., Li, L., & Bai, Y. (2021). Effect of moisture condition and brick content in recycled coarse 

aggregate on rheological properties of fresh concrete. Journal of Building Engineering, 35, 102075. 

[12] Shahbazpanahi, S., Tajara, M. K., Faraj, R. H., &Mosavi, A. (2021). Studying the C–H Crystals and Mechanical Properties 

of Sustainable Concrete Containing Recycled Coarse Aggregate with Used Nano-Silica. Crystals, 11(2), 122. 

[13] Lee, Y. S., Kim, H. J., & Park, W. (2017). Non-ureolytic calcium carbonate precipitation by Lysinibacillus sp. YS11 

isolated from the rhizosphere of Miscanthus sacchariflorus. Journal of Microbiology, 55(6), 440-447. 

[14] Fahimizadeh, M., Diane Abeyratne, A., Mae, L. S., Singh, R. K., &Pasbakhsh, P. (2020). Biological Self-Healing of 

Cement Paste and Mortar by Non-UB Encapsulated in Alginate Hydrogel Capsules. Materials, 13(17), 3711. 

http://www.ijsdr.org/


ISSN: 2455-2631                                                                © July 2021 IJSDR | Volume 6 Issue 7 

IJSDR2107029 www.ijsdr.orgnternational Journal of Scientific Development and Research (IJSDR) I 184 

 

[15] Tan, L., Reeksting, B., Ferrandiz-Mas, V., Heath, A., Gebhard, S., & Paine, K. (2019, June). Application of calcium nitrate 

as calcium source on self-healing concrete with Non-UB. In 7th International Conference on Self-Healing Materials. 

[16] Singh, L. P., Bisht, V., Aswathy, M. S., Chaurasia, L., & Gupta, S. (2018). Studies on performance enhancement of 

recycled aggregate by incorporating bio and nano materials. Construction and Building Materials, 181, 217-226. 

[17] Chaurasia, L., Bisht, V., Singh, L. P., & Gupta, S. (2019). A novel approach of biomineralization for improving micro and 

macro-properties of concrete. Construction and Building Materials, 195, 340-351. 

[18] Bisht, V., Chaurasia, L., & Singh, L. P. (2020). Studies on Corrosion and Carbonation Resistance by Bacteria-Mediated 

Mineralization in Concrete. ACI Materials Journal, 117(4), 13-26. 

[19] García-González, J., Rodríguez-Robles, D., Wang, J., De Belie, N., Morán-del Pozo, J. M., Guerra-Romero, M. I., & Juan-

Valdés, A. (2017). Quality improvement of mixed and ceramic recycled aggregates by biodeposition of calcium 

carbonate. Construction and Building Materials, 154, 1015-1023. 

[20] Khushnood, R. A., Qureshi, Z. A., Shaheen, N., & Ali, S. (2020). Bio-mineralized self-healing recycled aggregate concrete 

for sustainable infrastructure. Science of the Total Environment, 703, 135007. 

[21] Gao, D., Zhang, L., Zhao, J., & You, P. (2020). Durability of steel fibre-reinforced recycled coarse aggregate 

concrete. Construction and Building Materials, 232, 117119. 

 

http://www.ijsdr.org/

