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ABSTRACT 

	Recycled Aggregate Concrete (RAC) has emerged as a promising sustainable construction material, addressing both environmental concerns related to construction waste disposal and the depletion of natural resources. This review provides a comprehensive analysis of recent advancements in the preparation techniques and mechanical properties of RAC. It discusses the characteristics of recycled concrete aggregates (RCA), processing methods, mix design optimization, and various mechanical performance aspects including compressive strength, tensile strength, flexural behavior, and elastic modulus. Additionally, the review highlights the influence of different treatment methods on RCA properties and subsequent RAC performance, identifies current challenges, and suggests future research directions in this field.
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1. INTRODUCTION

Since the birth of concrete technology, global industrialization has increased significantly. With the continuous development of society, concrete technology has also caused a series of environmental problems in the process of use. The massive exploitation of rock resources has brought irreparable damage to the ecological environment. According to statistics from relevant departments, by 2025, the total amount of construction waste in China will be close to 22 billion tons, becoming one of the most important solid wastes in cities. Usually, recycled coarse aggregate ( RCA ) and recycled fine aggregate ( RFA ) are obtained by crushing and screening waste construction waste, and partially or completely replace natural aggregates ( NA ) in concrete to prepare recycled aggregate concrete ( RAC ) [1]. RAC has the potential to replace 30 % -100 % natural aggregate, which can reduce the exploitation of raw materials by 42 % and reduce CO2 emission by 25 % -35 %. However, recycled aggregates ( RAs ) have some defects such as low apparent density, high water absorption, high porosity and low strength [ 2-4 ], resulting in the poor performance of RAC compared with natural aggregate concrete ( NAC ), which seriously restricts the popularization and application of RAC in civil engineering. Its mechanical properties decreased by an average of 10 % -30 %. How to achieve ' performance-low carbon ' synergy through preparation technology innovation has become a bottleneck that needs to be broken through. In recent years, the application of recycled concrete in engineering promotion has not been solved. Domestic and foreign scholars have carried out a lot of work through the modification of recycled coarse aggregate, mix design, mechanical properties and microstructure.

2. Characteristics of recycled coarse aggregate

2.1 Properties of Recycled Concrete Aggregates

Recycled concrete aggregates differ significantly from natural aggregates (NA) due to the presence of attached mortar, which affects their physical and mechanical properties. RCA typically exhibits higher water absorption (3-10% compared to 1-2% for NA), lower density, and higher porosity [5]. These characteristics are primarily influenced by the original concrete's quality, the crushing process, and the number of recycling cycles [6].

The mechanical properties of RCA, such as crushing value and Los Angeles abrasion value, are generally inferior to those of NA, which directly impacts the performance of RAC [7]. However, recent studies have shown that RCA from high-strength original concrete can have properties comparable to lower-grade natural aggregates [8].

2.2 Processing and Treatment Methods

Various processing techniques have been developed to improve RCA quality. These methods can be categorized into physical, chemical, and thermal treatments.

Physical treatments include crushing, sieving, and mechanical grinding. Advanced crushing technologies, such as impact crushing combined with air classification, have been shown to effectively reduce the attached mortar content [9]. Mechanical grinding can improve the surface texture of RCA, enhancing the interfacial transition zone (ITZ) between aggregate and cement paste in RAC [10].

Chemical treatments involve using solutions to modify the RCA surface. Sodium silicate, pozzolanic materials, and polymer coatings have been successfully applied to reduce water absorption and improve adhesion properties [11]. Recent innovations include nano-silica treatments, which have demonstrated significant improvements in RCA quality by filling micro-pores and enhancing surface reactivity [12].

Thermal treatment methods, such as heating RCA to 300-800°C followed by water quenching, can effectively remove attached mortar through thermal expansion differences [13]. However, this method may increase energy consumption, offsetting some environmental benefits of RAC [14].

3. Preparation of Recycled Aggregate Concrete

3.1 Mix Design Approaches

Mix design for RAC is more complex than for conventional concrete due to the variable properties of RCA. Several approaches have been proposed, including: Equivalent volume replacement: Directly replacing NA with RCA by volume, which is simple but may result in lower strength [15]. Equivalent water-cement ratio adjustment: Modifying the water content to account for RCA's higher absorption, improving workability and strength [16]. Performance-based design: Optimizing mix proportions based on desired mechanical properties using
statistical or machine learning methods [17].

Recent studies have shown that using ternary binder systems (cement, fly ash, and silica fume) can effectively compensate for the strength reduction in RAC, especially when high RCA replacement ratios are used [18].

3.2 Workability Considerations

The workability of RAC is generally lower than that of conventional concrete due to the angular shape and high water absorption of RCA. To address this, researchers have explored various admixtures, including superplasticizers and viscosity-modifying agents [19]. The pre-wetting of RCA has also been widely adopted as a practical method to control workability loss during mixing and placing [20].

4. Mechanical Properties of Recycled Aggregate Concrete

4.1 Compressive Strength

Compressive strength is the most studied mechanical property of RAC. Research consistently shows that compressive strength decreases with increasing RCA replacement ratio, typically by 10-30% for 100% replacement under similar mix conditions [21]. However, recent advances in RCA treatment and mix optimization have enabled the production of high-strength RAC (over 50 MPa) even with full replacement [22].

The curing conditions significantly affect RAC strength development. Extended curing periods and steam curing have been shown to mitigate strength losses associated with RCA incorporation [23].

4.2 Tensile and Flexural Strength

Similar to compressive strength, the tensile and flexural strengths of RAC generally decrease with increasing RCA content. The ratio of tensile to compressive strength in RAC is typically 6-10%, slightly lower than the 8-12% observed in conventional concrete [24]. Fiber reinforcement, particularly with steel or polypropylene fibers, has been effective in improving the tensile performance of RAC [25].

4.3 Elastic Modulus and Poisson's Ratio

RAC typically exhibits a 15-30% lower elastic modulus compared to conventional concrete with the same compressive strength [26]. This reduction is attributed to the higher porosity and lower stiffness of RCA. Existing design codes often underestimate the elastic modulus of RAC, leading to ongoing research to develop more accurate prediction models [27].

Poisson's ratio for RAC is generally similar to that of conventional concrete, ranging from 0.18 to 0.22, with minimal dependence on RCA replacement ratio [28].

4.4 Long-term Mechanical Properties

Long-term performance characteristics, such as creep and shrinkage, are critical for structural applications. RAC typically exhibits 20-50% higher creep and shrinkage compared to conventional concrete, primarily due to the higher water content and porosity. Recent studies have shown that using mineral admixtures and proper curing can effectively reduce these long-term deformations.

5. Challenges and Future Directions

Despite significant progress, several challenges remain in the widespread application of RAC:

1.Quality variability: The inconsistent properties of RCA from different sources hinder standardized RAC production.

2.Cost considerations: Processing and treatment of RCA can increase production costs, limiting market competitiveness.

3.Performance gaps: RAC still lags behind conventional concrete in certain mechanical properties, particularly durability-related performance.

4.Regulatory barriers: Limited design standards and specifications for RAC in many regions restrict its use in structural applications.

Future research should focus on:

1.Developing cost-effective RCA treatment technologies.

2.Establishing comprehensive performance databases for different RCA sources.

3.Creating advanced mix design methodologies using artificial intelligence and machine learning.

4.Investigating the long-term durability and structural performance of RAC under various environmental conditions.

5.Promoting the development of international standards for RAC production and application.

6. Conclusion

Recycled Aggregate Concrete has made significant strides in recent years as a sustainable alternative to conventional concrete. Advances in RCA processing, mix design optimization, and treatment technologies have greatly improved the mechanical properties of RAC, making it suitable for an increasing range of construction applications.

While challenges related to quality consistency, cost, and performance gaps remain, ongoing research and technological innovations continue to address these issues. With continued development and the establishment of comprehensive standards, RAC is poised to play a crucial role in the construction industry's transition toward greater sustainability, reducing both natural resource consumption and construction waste generation.
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