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A B S T R A C T  
 

This study focuses on evaluating the effectiveness of various cell concentrations of bacillus bacteria in 
mending cracks within recycled concrete containing coarse aggregates. In this investigation, the 

introduction of bacillus bacterial sustainable concrete as a solution for addressing crack repairs. This 

innovative concrete formulation not only provides environmentally friendly alternatives but also offers 
economic benefits. This research involves the incorporation of coarse aggregates into the concrete mix, 

along with the partial substitution of cement by Fly ash and Ground Granulated Blast Furnace Slag 

(GGBS), each accounting for 20% of the mix. The coarse aggregates consist of Recycled Concrete 
Aggregate (RCA) in varying proportions: 0%, 50%, and 100%. Additionally, Bacillus licheniformis was 

used at concentrations of 103, 105, and 107 cells/mL, respectively. The findings indicate a positive 

correlation between the healing percentage of cracks, as measured by Ultrasonic Pulse Velocity (UPV), 
and the concentration of bacteria. Furthermore, it is observed that recycled aggregates possess inherent 

pores that allow for water absorption through these pores. Therefore, RCA is subjected to a 24-hour 

water immersion process before its incorporation into the concrete mix. While the compressive strength 
of the concrete remains consistent between RCA 0% and RCA 50%, it decreases significantly at RCA 

100%. However, the performance of the bacteria exhibits proportionality to cell concentration. Notably, 

the effectiveness of the bacteria remains consistent regardless of changes in RCA proportions. This study 
underscores the promising potential of Bacillus bacteria in enhancing the durability and sustainability of 

concrete structures, with particular relevance to RCC applications. 
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NOMENCLATURE 
RCA Recycled coarse aggregates UPV Ultrasonic Pulse Velocity 
SCC Self-compacting concrete RCPT Rapid Chloride Permeability Test 

CaCO3 Calcium carbonate C Calcite 

SCMs Supplementary cementitious materials CSH Calcium Silicate Hydrate 

 

 
1. INTRODUCTION 

 
The emergence of self-compacting concrete (SCC) has 

sparked a revolution in concrete technology, offering 

unparalleled filling capacity and ease of placement 

without the need for traditional compaction methods. 

SCC's unique properties make it adept at maintaining 

stability and workability while minimizing issues such as 

bleeding and segregation, resulting in significant labour 

and cost savings in construction processes (1). However, 

these advantages often come at the expense of durability 

and strength, critical design criteria for structural 

applications (2). One of the key challenges associated 

with SCC is the presence of free water, which can 

adversely affect the strength and durability of concrete. 

This is due to its impact on the microstructure of the 

aggregate paste's interfacial transition zone (ITZ) and 

increased capillary porosity of the hardened paste (3). To 

address this issue, supplementary cementitious materials 

(SCMs) like fly ash, ground granulated blast furnace slag 

(GGBS), pozzolans, cement kiln dust, sugarcane bagasse 

ash, and rice husk ash (RHA) are commonly employed to 

enhance both the mechanical and durability properties of 

concrete while reducing CO2 emissions (4). The 

environmental concern surrounding construction waste 

management (CWM) has taken centre stage in many 

Indian municipalities, as they grapple with the disposal 

of an annual production of 150 million tons of 

construction waste, accounting for 35%–40% of the 

world's construction and demolition (C&D) trash (5). 

These wastes often end up in landfills, causing significant 

negative environmental impacts. Recycling concrete 

waste into aggregates provides an environmentally 

friendly solution, reducing construction costs while 

mitigating environmental issues. However, recycled 

concrete aggregate (RCA) presents challenges due to the 

presence of micro-cracks and increased porosity 

resulting from the crushing process (6). Moreover, the 

old cement paste in RCA accounts for approximately 30–

35% of its volume, complicating the microstructure of 

RCA concrete/mortar by forming a dual ITZ when mixed 

with new mortar/cement (6). Previous research has 

shown that using RCA to replace natural aggregates, 

either partially or entirely, leads to a 20% reduction in 

compressive strength, further highlighting the need for 

innovative solutions. To enhance the properties of RCA 

concrete/mortar, various methods have been explored, 

including surface treatments to remove adhered mortar, 

bio-deposition techniques to reduce RCA porosity, and 

the use of SCMs such as fly ash, silica fume, and GGBS 

to densify the pore system by promoting the formation of 

calcium silicate hydrate. Additionally, immersing RCA 

in acidic solutions to reduce adhered mortar and allowing 

dehydrated cement paste to hydrate in water have shown 

promise in improving RCA's properties (7). Concrete 

cracks pose further challenges as they expose 

reinforcement to the environment, potentially leading to 

corrosion. To address this issue, bacteria have been 

harnessed to facilitate crack healing in what is commonly 

referred to as "Bio concrete" or "Bacterial concrete." 

These bacteria, including non-pathogenic species like 

Bacillus subtilis, Bacillus cereus, Bacillus licheniformis, 

and Bacillus halodurans, are incorporated into concrete 

to initiate bio-calcification, a process where 

microorganisms secrete calcium precipitate externally. 

This calcium precipitate, typically in the form of CaCO3, 

fills the cracks, increasing the concrete's compactness 

and preventing the formation of new cracks (8). 

Moreover, this bio-calcification process reduces carbon 

dioxide emissions, aligning with sustainability goals. The 

effectiveness of these bacteria in crack repair has been 

demonstrated through increased strength in concrete 

samples containing them, and their indirect use allows for 

greater flexibility and cost-effectiveness (9). In 

summary, the concrete industry has seen a transformation 

with the advent of SCC and the pursuit of sustainable 

solutions in the face of CWM challenges and concrete 

cracks. These advancements, from the use of SCMs in 

SCC to the innovative approaches for improving RCA 

and the incorporation of bacteria for crack healing, offer 

promising avenues for enhancing the performance and 

sustainability of concrete in construction. This study 

explores these developments in detail and assesses their 

potential to shape the future of concrete technology. 

 

 

2. RESEARCH SIGNIFICANCE  
 

Pachaivannan et al. (10) conducted an experimental 

analysis of the self-healing properties of bacterial 

concrete, shedding light on the material's ability to 

autonomously repair cracks and fissures. The study 

provided valuable insights into the practical application 

of this innovative construction material.  

Iswarya and Adalarasan (11) focused on the strength 

and durability of lightweight bacterial concrete, 

exploring its potential to meet the structural requirements 

of various construction projects. Their investigation 
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emphasized the importance of optimizing bacterial 

concentration for improved performance. Jagannathan 

(12) studied the mechanical properties of bacterial 

concrete using two different bacterial species, expanding 

our understanding of the role of microorganisms in 

enhancing concrete strength and resilience. Ameri et al. 

(13) investigated the optimum content of rice husk ash 

and bacterial concentration in self-compacting concrete, 

contributing to the sustainability aspect of bacterial 

concrete production. David et al. (14) explored the 

utilization of medical vial glass waste in bio-concrete, 

showcasing the potential to incorporate waste materials 

into construction processes. Rautray et al. (15) delved 

into the performance of self-compacting geopolymer 

concrete using Bacillus licheniformis, offering an 

alternative perspective on the application of bacteria in 

sustainable construction materials. On silica-based 

immobilization, Agarwal et al. (16) investigated bacterial 

concrete with micronized biomass silica, highlighting the 

importance of immobilization techniques for ensuring 

bacterial activity and longevity. Druga et al. (17) 

conducted comprehensive microbiological studies to 

screen bacteria for self-healing concrete, emphasizing the 

significance of selecting suitable bacterial strains for 

optimal results. On impact of compressive strength, Rao 

et al. (18) explored the impact of bacteria on the 

compressive strength of cement mortar and concrete, 

providing valuable data for structural engineers and 

designers. Vaezi et al. (19) examined recycled microbial 

mortar and assessed the effects of bacterial concentration 

and calcium lactate content, contributing to the 

sustainable utilization of bacteria in construction. Rohini 

and Padmapriya (20) studied the effect of Bacillus 

subtilis on e-waste concrete, showcasing the versatility of 

bacterial concrete in diverse applications. About 

encapsulation in expanded clay, Lucas et al. (21) 

investigated self-healing properties in concrete with 

bacteria encapsulated in expanded clay, offering 

innovative approaches to delivering bacteria within the 

concrete matrix. Xu and Wang (22) explored the use of 

bacteria-containing low-alkali cementitious materials for 

the self-healing of concrete cracks, paving the way for 

novel approaches to bacterial concrete production. Rauf 

et al. (23) compared the performance of different bacteria 

immobilized in natural fibres, contributing to the 

development of modified bacterial concrete solutions. 

Wang et al. (24) studied polymeric healing materials, and 

bacterial CaCO3 precipitation may also be exploited for 

self-healing. It is more environmentally friendly and 

more suited to the concrete matrix. Seifan et al. (25) 

highlighted the potential of bio concrete as the next 

generation of self-healing construction materials, 

emphasizing its role in sustainable and resilient 

infrastructure. Onyelowe et al. (26). carried out by 

studying the compressive strength of concrete formed 

from recycled aggregate and utilizing a unique artificial 

neural network (ANN), which makes use of a sigmoid 

function and allows the formulation of closed-form 

equations, an intelligent prediction is made. Akhtar et al. 

(27) investigated ways to improve the self-healing 

capacity of concrete by introducing various bacteria 

either separately or in combination with various mineral 

additions. It has been observed that a number of 

renovated approaches are awaiting approval in order to 

address the shortcomings of concrete and boost its 

toughness and longevity. Balamuralikrishnan et al. (28) 

conducted on a new ultrafine material called Alccofine 

(AF), produced from glass waste, and it was carried out 

as testing materials for the partial replacement. The vast 

array of experimental studies in the realm of self-healing 

concrete, coupled with advancements in sustainability 

and waste utilization, underscores the transformative 

potential of bacterial concrete in the construction 

industry. These studies not only expand our knowledge 

but also provide practical insights and solutions that hold 

the promise of a more resilient, eco-friendly, and durable 

infrastructure. The ongoing debate and exploration in this 

field signal an exciting future for construction materials 

and their impact on the built environment.  
 

 

3. EXPERIMENTAL PROGRAM 
 

3. 1. Materials 
3. 1. 1. Cement           Grade 53 ordinary Portland cement 

(OPC) that complies with IS:269-2015 specifications has 

a specific gravity of 3.10, a fineness of 6%, a standard 

consistency of 34%, an initial setting time of 36.3 

minutes, and a soundness of 9 mm. 

 

3. 1. 2. Fly Ash           From PRISM JOHNSON 

LIMITED, IDA Nacharam, the fly ash is collected. With 

a specific gravity of 2.91, fineness of 5%, standard 

consistency of 26%, and an initial setting of 30 minutes, 

Class-F fly ash is utilized. 

 

3. 1. 3. GGBS          PRISM JOHNSON LIMITED, IDA 

Nacharam, also contributes to the GGBS collection. The 

GGBS's initial setting was 38 minutes, with a specific 

gravity of 2.91, fineness of 5%, and standard consistency 

of 32%. 

 

3. 1. 4. Fine Aggregate         The river sand in grading 

zone 2 of IS:383-2016 has a fineness modulus of 2.56, 

specific gravity of 2.89, bulk density of 0.788 kg/m3, void 

ratio of 5.549, porosity of 72, and water absorption of 

2%. Therefore, fine aggregate forms the S-curve. 

 

3. 1. 5. Coarse Aggregate          According to IS:383-

2016, with a maximum dimension of 16 mm for the 

crushed stone and the following specifications was 

utilized as coarse aggregate: specific gravity of 2.781, 
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bulk density of 0.665 kg/m3, void ratio of 5.959, porosity 

of 76, and water absorption of 0.4% (29). 

 

3. 1. 6. Recycled Coarse Aggregates (RCA)       The 

construction and demolition (C&D) company Nagole is 

where the recycled coarse aggregates (RCA) are 

gathered. 16mm-sized aggregates are used.  

 
3. 1. 7. Water            According to IS:456-2000, to 

combine and cure, portable water is employed and has a 

pH of 6.98, 360 mg/L of alkalinity, 45 mg/L of acidity, 

and 685.8 mg/L of total dissolved solids (TDS). The ratio 

of water to cement is 0.47. 

 

3. 1. 8. Bacteria          The microbial type culture 

collection (MTCC), Hyderabad, is where the bacteria 

Bacillus licheniformis (MTCC NO: 2588) was found. It 

is a mesophilic, gram-positive bacterium. The "Bacteria 

culturing” method is used to transfer and propagate the 

organism from nutrient agar media to both culture of the 

bacteria into a liquid phase. Cell concentration is then 

carried out to determine the capacity of cells/mL. 

 

3. 2. Mix Design             The SCC mixture ratios that 

were following the IS 10262:2019 process (30). In every 

combination, Fly ash and GGBS replace cement to the 

amount of 20%. At 0%, 50%, and 100%, RCA replaces 

the coarse aggregates. Bacteria are used in every mix at 

103, 105, and 107 cells/mL proportions. As per IS: 

516:2019, the freshly mixed composites are cast into 

cubes, cylinders, and prisms after being assessed for their 

fresh properties. The materials are cured for 7 and 28 

days. Every bacterial sample is subjected to the UPV test 

to assess the bacteria's capacity for self-healing. The 

sample is once more put in a curing tank to repair the 

cracks after being tested under compression. The UPV 

test is then performed 28 days later. According to ASTM 

C1202, the RCPT is done to determine whether a material 

is resistant to chloride ions penetrating it. The RCA 0%, 

50%, and 100% samples were cast for 28 days. 

 

 

 
Figure 1. Bacillus Bacteria in solid phase 

 
Figure 2. Liquide phase 

 

 

 
Figure 3. Cell Concentration 

 

 

3. 3. METHODOLOGY           The main focus of the 

current experiment was RCA in self-healing and self-

compacting concrete. The study's primary interest was in 

the physical, fresh, mechanical, durability and 

microstructural characteristics of various RCA mix 

percentages and bacterial cell concentrations. M30 grade 

concrete was taken into consideration since an additional 

parametric study included a rise in the percentage of 

RCA in SCC. The majority of the characteristics of SCC 

is fresh features. The basic objective of the mix design is 

to preserve uniformity without segregation, flow through 

densely packed reinforcement without vibrating, and 

flow under its own weight. SCC is more workable than 

what is meant by "very high" workability in IS: 456: 2000 

(30). For concrete that is referred to as self-complicating, 

it must have the following qualities: "Filling ability," 

"Passing ability," and "Resistance to segregation." In an 

effort to define these qualities, many test procedures have 

been developed. Nevertheless, the EFNARC standard 

and recommendations served as the basis for, the set of 

test procedures for the SCC's workability qualities. The 

permeability of the surface layer, which should prevent 

the entry of substances that can start or spread possibly 

harmful processes, is closely linked to the durability of a 

concrete structure. (CO2, chloride, sulphate, water, 

oxygen, alkalis, acids, etc.). In fact, resilience is 

influenced by the type of materials used, the composition 
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of the concrete, and the level of supervision utilized 

during placement, compaction, finishing, and curing. The 

formwork and re-bars or other components are in close 

proximity, which causes vibration issues, honeycomb 

and lack of compaction of the surface layer have been 

linked in part to the inferior durability performance of 

reinforced concrete structures subjected to hard 

circumstances. To prevent this, SCC was initially created 

in Japan for several reasons, among them. Tamping is a 

discontinuous procedure that vibrates the material to 

compact it in traditional vibrated concrete. Internal 

vibration, even when done correctly, does not lead to an 

even distribution of compaction energy across the whole 

volume of concrete inside the vibrator's area of effect. 

This suggests that there is still area of vibrated concrete 

that are over and under-vibrated. Depending on where the 

vibration sources are located, external vibration produces 

essentially heterogeneous compaction, much like internal 

vibration does. The vibration causes the concrete in the 

structure to have uneven compaction and varying 

permeabilities, which makes it easier for harmful 

substances to be absorbed selectively. It should go 

without saying that inappropriate vibration's effects 

segregation, honeycombing, bleeding, etc. have a 

significantly higher detrimental effect on permeability 

and, consequently, durability. Self-compacting concrete 

will be free of these problems provided it possesses the 

necessary characteristics. It will also offer a material with 

consistently low and uniform permeability, fewer weak 

spots for the damaging impacts of the environment, and 

improved durability. The greater durability of self-

compacting concrete satisfies the need for sustainability 

because maintenance and repairs can be delayed or 

minimized. As a result, it can be argued that SCC 

structures and elements endure longer because of the 

material's increased durability, which comes directly 

from its higher interfacial transition zone quality and 

lower inclination to crack in comparison to standard 

concrete. The various materials used to mix the concrete, 

mixed design and test conducted on bacterial concrete are 

clearly shown in Figure 4.  

 

 

4. BACTERIA CULTURING 

 

Bacteria exhibited greater strength. The usage of bacteria 

is indirect. There is an improvement in healing by 

employing bacteria in cell concentration. Using this 

procedure, we can employ more bacteria, and the cost is 

 

 

 
Figure 4. Schematic representation of methodology and characterizations 
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lower. Liquid culture is one way to cultivate bacteria. In 

this technique, in an upright flask, the preferred bacteria 

are suspended in a liquid nutrient media, such as Luria 

Broth. This enables the growth of numerous 

microorganisms for use in numerous subsequent 

processes. Liquid cultures are perfect for the preparation 

of an antimicrobial assay, which entails inoculating 

liquid broth with bacteria and allowing it to grow 

overnight. They may use a shaker for uniform growth. 

Afterwards, they would remove a piece of the sample to 

conduct a particular drug or protein's antibacterial 

activity (antimicrobial peptides). These cultures don't 

shake and offer an oxygen gradient to the 

microorganisms. The microbial type culture collection 

(MTCC), Hyderabad, is where the bacteria Bacillus 

licheniformis (MTCC NO: 2588) was supplied. It is a 

mesophilic, gram-positive bacterium. The "Bacteria 

culturing" method is used to change the solid phase of the 

bacteria into a liquid phase. As shown in Figures 1, 2 and 

3. Cell concentration is then conducted to ascertain the 

capacity of cells/mL. 

 

4. 1. Fresh Properties           All combinations are picked 

to fall in the SF2 class of slump. The range of the slump 

flow is from a diameter of 710 to 745. To improve the 

slump flow, the superplasticizer PCE is utilized. There is 

an increase in slump flow depending on how much RCA 

is used. This is because RCA aggregates are entirely 

different from natural aggregates. Natural aggregates 

have sharp edges, whereas RCA has smooth edges. 

Because RCA contains materials that have been used 

before. Because of its smooth surface, it flows readily, 

increasing the slump. However, RCA notices more water 

because of its porous nature. In this instance, the RCA is 

cleaned and soaked in water for a day before casting. 

According to the addition of RCA, the time of T50 flow 

differs. It received a range of 3.2 to 3.9 seconds. The 

amount of RCA increases as the time decreases. 

According to EFNARC, it corresponds to VF2 in the V-

funnel. The data spans between 9 and 10 seconds. As the 

RCA rises, the outcomes of the V-funnel duration 

shorten. U-box is used to determine the filling capacity. 

It includes data between 20 and 25. The U-box values 

drop as the RCA rises. The passing ability is located 

using the L-box method. The values, which fall within 

the PA2 class, range from 0.88 to 0.96. L-box values are 

raised as the RCA rises. EFNARC regulations are applied 

to all fresh properties. 
 

4. 2. Mechanical Properties         Results for the SCC 

mixes with RCA's 7 and 28 days, the results of 

experiments for compressive strength, with values 

ranging from 19.84 to 51.84 Mpa. The 50% RCA 

addition has strength that is roughly equivalent to that of 

a conventional  mix,  but a  100% RCA  addition has the  

 
Figure 5. Self-healing of bacteria 

 

 

least strength. Up to 50% can be used with RCA. Bacteria 

in this instance have no impact on strength. Samples 

including and excluding bacteria both have equivalent 

strengths. The samples had good results because Flyash 

and GGBS work to increase the strength. The split tensile 

strength test results for SCC mixes with RCA, 

demonstrate that 50% RCA produces better results than 

100% RCA. The results fall in the 1.74 to 4.14 MPa 

range. It shows that an increase in RCA decreases the 

strength. The flexural strength tests for the RCA SCC 

mixtures, with results in the range of 2.16 to 5.46 MPa 

according to the findings, a rise in RCA reduces 

concrete's strength. 

 

4. 3. Durability Properties           To find bacteria that 

are capable of self-healing, ultrasonic pulse velocity 

(UPV) is been used. The quality of concrete is produced 

by transmitting electronic waves. On these bacterial 

cubes, UPV is tested. The UPV value drops when a crack 

appears in concrete; after that, bacteria fill the gap and it 

heals itself. CaCO3 precipitation takes place to repair the 

cracks. The cube is tested before and after the 

compressive test. The curing tank is next used to preserve 

it. The same sample is analyzed after 7 and 28 days.  
Bacteria cell concentrations of 103, 105, and 107 are 

tested using the UPV method. The self-healing cube after 

28 days is shown in Figure 5. Due to its ease of use and 

speed, the Rapid Chloride Permeability Test (RCPT) 

gauges concrete's resistance to chloride ion infiltration. 

The RCA 0%, 50%, and 100% samples were evaluated. 

It demonstrates that a rise in RCA decreases chloride 

permeability. 

 
4. 4. Microstructural Properties          
 

4. 4. 1. SEM Analysis            From Figure 6, it is observed 

that the control mix's SEM image of 0% RCA, where 

precipitation of calcite (C) and calcium silicate hydrate 

(CSH) can be seen. Due to the normal aggregate's 

presence in the mix, the binding properties between gel 

and aggregates are more effective, these are leads to 

better- resisting   properties.  Figure 7  demonstrates  the  
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Figure 6. SEM and EDS of 0% RCA 

 

 

 
Figure 7. SEM and EDS of 50% RCA 

 

 

 
Figure 8. SEM and EDS of 100% RCA 

 

 
increased CSH gel formation and calcite (C) precipitation 

by bacterial cells in the sample with 50% RCA. The 50% 

RCA concrete's pore reinforcing, water absorption, and 

permeability were all dramatically reduced as a result of 

the CSH gel formation, and a higher strength was 

attained. Calcite filled in spaces and pores in the 

concrete, improving the pore structure, which led to 

increased strength development and decreased 
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permeability. There are numerous voids and microspores 

visible in Figure 7, which is 100% RCA. Due to the 

Recycled Aggregate presence in the mix, the binding 

properties between gel and aggregates are less effective, 

which leads to a reduction in resisting properties. In 

comparison to mixtures of 103 and 105 cells/mL, more 

densification pore structure, and a uniform concrete 

matrix were created as a result created. Because of this, a 

larger cell concentration causes more calcite to 

precipitate. This is a result of how quickly bacteria's cell 

membranes cause calcium hydroxide to carbonate. Even 

yet, several pores and cracks are visible, which may have 

developed during the compression test due to the RCA's 

complete replacement with a less dense matrix. As seen 

in the above Figures, the EDS spectra match the sample's 

scanned areas. The elements that were found and their 

associated percentages. 

 
4. 4. 2. EDS Spectra              Together with the discovered 

elements and their associated percentages, EDS spectra 

for the scanned areas of RCA 0% (control concrete), 

RCA 50%, and RCA 100% containing bacteria are 

displayed. The primary elements in the control concrete 

were silicon (Si; 9.24%), calcium (Ca; 36.97%), and 

oxygen (O2; 50.45%). The amount of O2 was raised in the 

RCA of 50% and the amount of O2 was reduced in the 

RCA of 100%. For illustrative purposes, the calcium 

content was reduced from 36.94% in RCA0% to 30.86% 

in RCA 50% correspondingly. However, there was a 

decrease in the silicon concentration of the RCA mix, 

going from 9.24% in RCA 0% to 1.63%. As was 

previously mentioned, pore obstruction at the specimen's 

surface prevented the formation of calcite and CSH gel.  

The calcium content and silicon content of the RCA 

100% mix were lower than those of the RCA 50% and 

RCA 100% as samples were obtained from the inside of 

the concrete specimens for SEM and EDS analyses. 

 

 

5. CONCLUSION 
 

The results of the presented parametric experimental 

study enable the following inferences: 

⚫ While the amount of material produced from some 

of the mixes surpassed the EFNARC's maximum 

limit, all of the mixes had acceptable flowability 

and self-compaction properties. Addition of RCA 

increased the fresh characteristics by 5%. The 

filling and passing performance of concrete that 

uses RCA as a partial replacement for coarse 

aggregates is good. The fresh concrete's 

characteristics are not dramatically changed by 

addition of bacteria cells. 

⚫ Compared to 100% RCA, RCA of 50% replacement 

has good strength. Nearly equal to conventional 

concrete is the 50% RCA. Similar to mechanical 

characteristics, 50% RCA content yields the 

optimum durability characteristics. 
⚫ The durability and strength of the concrete are 

unaffected by the addition of bacteria. Bacteria 

recover faster when cell concentration is higher. 

Compared to 103 and 105, a bacterial cell 

concentration of 107 has greater healing potential. 

⚫ According to the UPV test, the cracks have healed 

more for the 28-day sample than for the 7-day 

sample. The bacteria, therefore, requires time to 

recover. The period of time increases the rate of 

bacterial growth increases. 

⚫ SEM examination findings reveal that concrete with 

an RCA concentration of 50% has a denser matrix 

than concrete with an RCA level of 100%. The 

pores and spaces within the specimen are further 

diminished by the addition of bacterial cells through 

calcite precipitation. 

⚫ However, the results of the EDS analysis show that 

the excessive precipitated calcite on the specimen's 

surface stops water from penetrating into the inner 

matrix, lowering the hydration of cement and 

calcite precipitation inside the specimen, even at a 

high bacterial cell concentration of 107 cells/ mL. 

⚫ The result of this study demonstrates that higher 

bacterial cell concentration increases concrete's 

resistance to water infiltration and other damaging 

substances. The experimental analysis of self-

healing properties in concrete using recycled coarse 

aggregates and bacteria presents a compelling case 

for the feasibility and advantages of this innovative 

construction material. These findings suggest that 

such concrete formulations can offer structural 

robustness and self-healing capabilities, 

contributing to the sustainability and longevity of 

concrete  structures  in  various  applications  such 

as  buildings  and  other  civil  engineering 

structures.  

The future scope of experimental studies on self-

compacting and self-healing concrete with recycled 

coarse aggregates holds significant potential. Research in 

this field can evolve to address critical challenges, such 

as fine-tuning the incorporation of recycled aggregates 

for optimal mechanical properties, advancing bacterial 

strains and immobilization techniques for improved 

healing efficiency, and expanding the application of this 

innovative concrete in large-scale infrastructure projects. 

Furthermore, exploring the integration of smart 

technologies for real-time monitoring, standardizing 

production processes, and conducting extensive field 

trials can pave the way for the widespread adoption of 

this sustainable and resilient construction material, 

making a substantial contribution to the construction 

industry's environmental and structural advancements. 
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Persian Abstract 

 چکیده 
 یمعرف ق،یتحق نیدرش ت تررک  دارد  در ا یهاس گدااهه یحاو  یافتیبتن باز  یهاترک  میدر ترم للسیباس   یهایباکتر  یمختلف س للل  یهاغلظت  یاثربخش    یابین مطالعه بر ارزیا

دها،  یرا ارائه م س  تیز  طیس  ازرار با مح یها  نید یابتن هه تگها ج  یفرملل ابتکار نی  ااس  ت ترک  میپرداختن به ترم یبرا  یبه عگلان راه حل للسیباس     ییایباکتر ااریبتن پا

و س رباره کلره بلگا داهه  یبا خاکس تر باد رانیس    یج ئ  یگید یدرش ت به مخلل  بتن، هرراه با جا یش ام  ادغا  س گدااهه ها  قیتحق نیدها  ا یارائه م   یه یاقتص اد یایبلکه م ا

مختلف  یدر هس تت ها (RCA)  یافتیبتن باز یدرش ت از س گدااهه ها یدهگا  س گدااهه ها یم   یرا تش ک لل درص ا از مخ 20اس ت که هر کاا    (GGBS)  یگیش اه زم یبگا

دهگاه هش ان هاافتهیاس تفاده ش ا    تریل  یلیس للل در م  107و  105،  103 یدر غلظت ها  بیبه ترت  سیفلرمیکگیل للسیباس   ن،ای بر  علاوه   ٪100 و  ،٪50  ،٪0ش اه اها      یتش ک

ش لد  یمش اهاه م ن،یاس ت  علاوه بر ا هایو غلظت باکتر ش لد،یم  یریراهاازه (UPV)  کیها، هراهطلر که با س رعت پالس اولتراس لهترک  یدرص ا بهتلد  نیبمثتت    یهرتس تد

 گایفرب کیبن در مخلل  بتن تحت  دغا قت  از ا RCA ن،یکگا  بگابرا  یمگافذ را فراهم م نیا  قیهس تگا که امکان جذ  ب  از رر  یمگافذ ذات یدارا یافتیباز یکه س گدااهه ها

 یکاهش م یبه رلر قاب  تلجه  RCA 100٪ماها، در  یثابت م  RCA 50٪و   RCA 0٪  نیبتن ب یکه مقاومت فش ار ی  در حالردیر یس اعته در ب  قرار م 24 یغلره ور

 نیماها  ا یم یثابت باق RCAدر هس تت    رات ییباون تلجه به تغ  یباکتر یثربخش  دها  قاب  ذکر اس ت، ا یرا هش ان م یهس تت به غلظت س للل  یحال، عرلکرد باکتر نی  با اابای

  کگایم ایتاک RCC یبا ارتتا  خاص با کاربردها ،یبتگ یهاسازه یااریدوا  و پا شیدر اف ا للسیباس یباکتر اوارکگگاهیام  یمطالعه بر پتاهس
 

 


