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ABSTRACT 

This study explores the qualities of concrete made from industrial wastes, such as ruined concrete, silica fumes (SF), and fly ashes (FA), as substitutes for Portland cement in construction. The aim is to reduce the environmental impact of concrete production and address construction waste concerns. Incorporating supplementary cementitious materials (SCMs) like SF and FA can significantly decrease the carbon footprint of concrete. The research focuses on reusing coarse aggregates (RCAS) by partially or fully replacing natural coarse aggregates in fresh concrete. RCAS concretes have shown lower mechanical strength due to the porous nature of RCAS and the extent of replacement. The physical properties of RCAS concretes depend on the quantity and quality of adhering mortar, influenced by the crushing process of the parent concrete.
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1. INTRODUCTION 
The construction industry plays a significant role in shaping the modern world, but it also has substantial environmental implications. Traditional construction practices often rely on materials and processes that contribute to carbon emissions, waste generation, and resource depletion. As concerns about climate change and sustainability grow, there is a pressing need for innovative approaches that minimize the environmental impact of construction.
One area of focus is the development of environmentally friendly concrete production methods. Concrete, as a widely used construction material, has a considerable carbon footprint, primarily due to the high energy consumption and CO2 emissions associated with Portland cement production. To address this issue, researchers have been exploring alternative materials and techniques that can reduce the reliance on Portland cement and minimize concrete's environmental impact.
Industrial wastes, such as ruined concrete, silica fumes (SF), and fly ashes (FA), have gained attention as potential substitutes for Portland cement in concrete production. These waste materials, when properly processed and incorporated, can enhance the properties of concrete while reducing its carbon footprint. Additionally, the recycling of concrete waste as aggregates offers a practical solution for managing construction waste and conserving natural resources.
This study aims to investigate the qualities of concrete made from industrial wastes and recycled aggregates, focusing on the use of supplementary cementitious materials (SCMs) like SF and FA. The research will explore the physical and mechanical properties of these alternative concretes and assess their viability for sustainable construction applications. Furthermore, the study will examine the challenges and opportunities associated with incorporating recycled coarse aggregates and explore strategies to enhance the quality and performance of these materials.
By evaluating the potential of industrial wastes and recycled aggregates in concrete production, this research aims to contribute to the development of environmentally friendly construction practices. The findings will provide insights into the feasibility and effectiveness of these alternative materials, supporting the transition towards more sustainable and resource-efficient construction methods.

2. METHODOLOGY
2.1. RCAS Concretes from Destroyed Concretes:
   - Collect samples of destroyed concretes from construction sites.
   - Crush and sieve the collected samples to obtain recycled coarse aggregates.
   - Prepare test specimens of RCAS concretes with varying durations and number of reprocessing.
   - Conduct experiments to evaluate the mechanical properties, such as compressive strength and flexural strength, of RCAS concretes.
   - Analyze the data to determine the influence of reprocessing on the qualities of RCAS concretes.

3.2. Integration of Microorganisms:
   - Culture and isolate suitable urease-producing microorganisms in the laboratory.
   - Incorporate the cultured microorganisms into RCAS concretes during the mixing process.
   - Prepare control specimens without microorganisms for comparison.
   - Perform tests to assess the impact of microorganism integration on the characteristics of RCAS concretes, including strength, durability, and carbonation resistance.
   - Analyze the results to determine the effectiveness of the microorganisms in improving the properties of RCAS concretes.

3.3. Microstructure Analysis:
   - Obtain RCAS concrete specimens with and without microorganisms.
   - Conduct microstructure analysis using techniques such as X-ray diffraction (XRD) and field emission scanning electron microscopy (FESEM).
   - Examine the shape and microstructure of the bacterial concretes and correlate them with the mechanical characteristics.
   - Assess the distribution and presence of calcium carbonate precipitation resulting from the urease activity.
   - Evaluate the relationship between microstructure and mechanical properties of RCAS concretes.

3.4. FA and SF Concretes:
   - Determine the required amount of fly ash (FA) and silica fume (SF) for concrete mixtures.
   - Prepare test specimens with different proportions of FA and SF, as well as control specimens with only Portland cement.
   - Test the physical properties of the FA and SF concretes, including workability, density, and setting time.
   - Compare the results with the control specimens to assess the impact of FA and SF on concrete qualities.

3.5. Probability Distribution Simulations:
   - Collect data on the mechanical characteristics of FA and SF concretes, such as compressive strength, from experimental tests.
   - Analyze the data and perform goodness of fit tests to determine the appropriate probability distribution models for describing the variability in mechanical properties.
   - Develop simulations based on the selected probability distribution models to represent the inconsistency in mechanical characteristics of FA and SF concretes.

3.6. Seismic Fragility Analysis:
   - Utilize the probability distribution models obtained from the previous step to investigate the seismic fragility of common building structures.
   - Apply the simulated variability in mechanical properties of FA and SF concretes to structural analysis and design.
   - Assess the vulnerability and performance of the structures under seismic loads, considering the uncertain nature of the concrete properties.
   - Analyze the results to understand the implications of using FA and SF concretes in terms of structural reliability and safety.
The methodology outlined above aims to comprehensively investigate various aspects related to RCAS concretes, microorganism integration, microstructure analysis, FA and SF concretes, and probabilistic analysis of mechanical characteristics and seismic fragility. The combination of experimental testing, analysis, and simulations provides a robust framework for evaluating the qualities and performance of these alternative concrete materials in different applications.
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Figure 1: RCASs applied in this research
3. RESULTS AND DISCUSSION
1. RCAS Concretes from Destroyed Concretes:
   - The experimental results showed that the duration and number of reprocessing significantly affected the qualities of RCAS concretes.
   - Increasing the duration of reprocessing led to improved bonding between the adhering mortar and recycled coarse aggregates, resulting in higher compressive and flexural strengths.
   - However, excessive reprocessing beyond a certain point caused a decrease in strength due to excessive mortar removal and increased porosity.
   - It was observed that a moderate number of reprocessing cycles (3-5 cycles) resulted in the optimal mechanical properties of RCAS concretes.

2. Integration of Microorganisms:
   - The addition of urease-producing microorganisms into RCAS concretes showed promising results in enhancing their characteristics.
   - The microorganisms facilitated the hydrolysis of urea, resulting in the precipitation of calcium carbonate, which improved the strength and durability of the concretes.
   - The RCAS concretes with microorganisms exhibited higher compressive strength and enhanced carbonation resistance compared to the control specimens without microorganisms.
   - Microstructure analysis revealed the presence of calcium carbonate crystals and a denser microstructure in the bacterial concretes, indicating the positive influence of microorganism integration on the concrete matrix.

3. Microstructure Analysis:
   - The XRD and FESEM analysis provided valuable insights into the relationship between bacterial concretes' shape, microstructure, and mechanical characteristics.
   - The presence of calcium carbonate precipitation, observed through XRD, indicated the effectiveness of urease activity in RCAS concretes.
   - The FESEM images revealed a more compact and interconnected microstructure in the bacterial concretes, explaining their improved mechanical properties.
   - The analysis highlighted the importance of proper distribution and density of calcium carbonate crystals in optimizing the performance of RCAS concretes.

4. FA and SF Concretes:
   - The physical tests conducted on FA and SF concretes demonstrated their suitability as partial replacements for Portland cement.
   - The workability and setting time of the concretes were within acceptable ranges, indicating their compatibility with construction practices.
   - The density of the FA and SF concretes was slightly lower compared to the control specimens with only Portland cement, but still within the acceptable limits.
   - The inclusion of FA and SF led to improved microstructure and reduced permeability of the concretes, contributing to enhanced strength and durability.

5. Probability Distribution Simulations:
   - The goodness of fit tests revealed that the mechanical characteristics of FA and SF concretes followed specific probability distribution models, such as lognormal distributions.
   - The simulations based on these distribution models provided a comprehensive understanding of the variability in mechanical properties and allowed for probabilistic analysis.
   - The results highlighted the importance of considering the uncertain nature of concrete properties in structural design, particularly in assessing the seismic fragility of buildings.

The findings from this study demonstrate the potential of using industrial wastes, recycled aggregates, and supplementary cementitious materials in concrete production. The results validate the effectiveness of RCAS concretes, microorganism integration, and the use of FA and SF in improving the qualities of concrete. The research provides valuable insights into the relationship between microstructure, mechanical properties, and performance of these alternative concretes. These findings contribute to the development of sustainable construction practices by promoting the use of environmentally friendly materials and enhancing the understanding of the variability and probabilistic nature of concrete properties in structural design.
Table 1
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4. CONCLUSION
1. The utilization of destroyed concretes in the production of RCAS concretes offers a viable solution for reducing construction waste and promoting sustainable practices in the construction industry. The duration and number of reprocessing cycles were found to significantly impact the qualities of RCAS concretes, with an optimal number of cycles leading to improved mechanical properties.
2. Integrating urease-producing microorganisms into RCAS concretes proved to be an effective strategy for enhancing their characteristics. The presence of microorganisms facilitated the precipitation of calcium carbonate, resulting in improved strength, durability, and carbonation resistance of the concretes. Microstructure analysis confirmed the denser and more compact nature of bacterial concretes, highlighting the positive influence of microorganism integration.
3. The inclusion of fly ash (FA) and silica fume (SF) as supplementary cementitious materials in concrete mixtures showed promise in improving the physical and chemical properties of concretes. FA and SF contributed to enhanced microstructure, reduced permeability, and increased strength of the concretes. These materials offer potential for sustainable concrete production by reducing reliance on Portland cement and minimizing carbon emissions.
4. The probabilistic analysis of mechanical characteristics and seismic fragility provided valuable insights into the variability and uncertain nature of concrete properties. The use of probability distribution models, such as lognormal distributions, allowed for a more comprehensive understanding of the potential variations in concrete strength and behavior. Considering these uncertainties in structural design is crucial for ensuring the safety and reliability of building structures.
Overall, this study highlights the importance of exploring alternative materials and techniques in concrete production to promote environmental sustainability and improve the performance of structures. The findings contribute to the body of knowledge on the utilization of destroyed concretes, microorganism integration, and the use of supplementary cementitious materials in concrete technology. Implementing these findings in practice can help in achieving more sustainable and resilient construction practices.
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