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Abstract
As a result of rapid urbanization especially in the developing nations, there is increasing demand for sustainable construction materials. This coupled with increasing cost of the materials and environmental degradation as a result of mining of aggregates, there has been growing interest in the reuse of construction and demolition waste(CDW). Reclaimed fine aggregate (RFA), refers to fine aggregate derived from crushed concrete waste. It is being considered as a possible alternative to natural river sand in concrete production. This study assesses the integrity of RFA as a viable material for concrete by focusing on its physical characteristics. Findings reveal that most of the physical characteristic, of the tested sample falls short of the required specification in relevant codes and standards. It is therefore concluded that RFA is unsuitable for complete substitution of natural aggregate in concrete production. However, it is recommended as partial replacement for natural aggregate in concrete production. 
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1.0 INTRODUCTION: 
Significant volumes of C&D waste are generated annually in the construction industry as a result of rapid urbanization. This has resulted in increased rate of environmental degradation and resource depletion. In the opinions of Kumar et al., (2020), it is projected that construction waste could exceed 3.4 billion tonnes by 2050 globally. This is alarming and poses a lot of challenge to the environmental condition of the surrounding localities. Hence, there is the need for recycling strategies being emphasized. One means of providing sustainable solution is the reuse of waste concrete as reclaimed fine aggregate in new concrete production.
Natural fine aggregates, particularly river sand, are becoming scarce due to over-extraction and rising cost of transportation. In view of this the use of alternative materials such as RFA are gaining attention as substitutes. However, there is also a growing concern about their structural integrity and durability which is posing a great challenge to its widespread adoption.
Concrete and Demolition waste disposal can result into surface water contamination. In the words of Amoatey and Baawain (2019), the effect of contaminants on surface water like ponds and rivers on aquatic flora and fauna can be very harmful. Aside this, CDW can cause air pollution it can increase the presence of harmful and various poisonous gases, such as carbon monoxide (CO), carbon dioxide (CO2), hydrogen fluoride (HF), sulphur dioxide (SO2), oxides of nitrogen (NOx), particulate matter, such as PM10, asbestos, and volatile organic compounds (Silva et al., 2014). 
According to (Kantová, 2017), a lot of noise is being generated by concrete mixers, earthmoving machinery, pile drivers, pneumatic devices, and various other operating machineries at the CDW sites in the cause of CDW disposal. The effect of the noise pollution can bring about a lot of stress, irritability, sleep disturbances, high blood pressure, irregular heartbeats heart diseases, and noise induced hearing loss. Since most of the waste generated by the CDW is inert and non-degradable it can also affect agricultural land. The effect of CDW disposal affects virtually every facet of human activities including schools, colleges, old age home, nursing homes, offices, clinics, and hospitals.
1.1 Characteristics of Reclaimed Fine Aggregate
Bu et al. (2022) posited that RFA are obtained by crushing used concrete from CDW and as such it may contain residual mortar attached to original aggregates. Consequently, it is expected that the adhered mortar will affect the physical properties of RFA significantly. According to the authors, the effects include increased porosity and water absorption. Kim et al (2019) further opined that RFA can contain certain impurities that can cause variability in the quality of concrete and consequently influence concrete performance and durability.
1.2 Physical and Micro – structural Characteristics of Recycled Aggregates
The differentiating elements between RCA natural aggregates River Sand are the combination of materials and the history of its use. According to Abbas et al., (2009) RFA contains layers of adhered old and porous mortar on the surface of the original natural aggregate after crushing. The quantity of adhered mortar makes up for up to 25-65% of the RCA particle volume. As a result of this hifh percentage of adhered mortar, there is a previously exerted external pressure and environmental conditions extreme porosity causing micro-cracked condition. This can further lead to increase in water absorption up to 10 times natural aggregate with considerable changes in the major properties of RFA. Additionally, Katz, (2003) opined that bulk specific gravity can decreases by about 5 to 20 percent when compared to natural aggregates. RFA particles become more angular with rougher surfaces because the crushing process creates particles that differ from the natural gravel and crushed stone which typically has smooth and rounded surfaces. The concrete mix's particle packing and inter-particle friction get affected by this altered material structure. The total RCA grading shows differences because the brittle fracture of adhering mortar during processing creates higher amounts of fine particles which get released into the final product (Silva et al., 2017). The engineering behavior of RAC systems develops from their physical properties which include high absorption and low density and angularity and varying grading patterns because these properties determine all aspects of fresh mix rheology and long-term durability
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The diverse materials in Construction and Demolition Waste create an unpredictable waste stream, which primarily consists of hardened concrete. The source material known as "concrete demolition waste" originates from planned building demolitions and structural failures and natural disasters and armed conflicts. The processed recycled concrete aggregate (RCA) consists of natural aggregates which combine with hydrated cement paste (HCP) and mortar and various contaminants. The contaminants of this material include ceramic materials which consist of bricks and tiles and gypsum products and wood and plastics and residual metals from reinforcement. The various qualities of source material create a main obstacle which prevents recycling facilities from achieving consistent RCA quality testing results (Silva et. al., 2014).
1.4 RFA Conversion Process
Several mechanical processes are required in converting large amounts of CDW into reusable RFA. These procedures can be broken down into primary and secondary stages. The primary stage involves crushing or breaking down large pieces before secondary and tertiary crushing processes where the required particle size distributions are created. This is followed by the screening process where materials are divided into multiple size categories. The last stage is the cleaning procedures where water washing and air sifting and manual picking aim to eliminate light contaminants and fine particles take place Verian et. al., 2018. Advanced facilities use magnetic separation methods to extract ferrous metals and advanced sorting systems to process materials. According to Oikonomou (2005), the final quality of the RCA depends on processing methods and the inherited properties which the parent concrete structure possesses through its original strength and porosity and exposure history. According to Dimitriou et. al.(2018.) production of consistent results in quality control testing requires processing functions and source identification to be evaluated.
1.5 Durability Considerations
Durability is a major consideration in concrete production and it remains a key concern in RFA concrete. However, durability of concrete is dependent on the properties of its constituent materials. Hence, there is the need for assessment of the properties of RFA so as to ascertain its suitability for use in concrete production. However, durability can be improved using supplementary cementitious materials such as fly ash and silica fume, which reduce porosity and enhance bonding (Bu et al., 2022). 
1.6 Environmental and Economic Benefits
In the opinions of Li et al., (2018), the use of RFA as substitute for river sand has lots of environmental and economic benefits. Some of these benefits include waste reduction, natural resources conservation, and lower construction costs. It can also result in minimization of landfill usage and environmental pollution and make it an essential component of sustainable construction practices. 
2.0. Methodology
The study adopts a theoretical and experimental approach in assessing the characteristic properties of RFA and River Sand. The key parameters evaluated include:
· Shape and Texture
· Particle size distribution
· Specific gravity
· Water absorption capacity
· Moisture Content
· Percentage silt content
· Bulking
Comparative analysis was conducted between natural fine aggregate (river sand) and RFA

2.1 Material Acquisition
The sample of RFA used in the study was collected from demolition waste (CDW) from a designated site in Ilaro, Ogun State.  The used concrete materials consist of demolished concrete materials like beams, columns, and slabs. The material was procured and transported to the laboratory for the purpose of this research. 
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The procured CDW were subjected to two stages of crushing. The first stage involves the manual breaking of concrete lumps by a mechanical breaker (jackhammer) to achieve the desired size. The second stage is the breaking of the resulting debris by passing them through a machine. The process of separation was done through a series of crushing and mechanically sieved to separate the coarse recycled concrete aggregate (RCA) and RFA. The target grading for coarse RCA was 4.75mm to 19mm, while that of RFA passed the 4.75mm sieve.
2.3 Integrity Test of Recycled Fine Aggregate
The integrity test on the recycled fine aggregate and river sand was carried out in the laboratory. The properties examined are the parameters stated in section 2.0. They were carried out in line with specifications in BS EN, 933 – 1:2012, BS 812-103.1:1985, BS 812-109:1990, BS 812 – 124:1989 respectively. 


3.0 Results and Discussions
As stated earlier, the performance of concrete in service and its durability depends on the characteristic properties of its constituent materials. The results obtained from the integrity test carried out on both materials are discussed extensively in this section. Furthermore, comparisons were drawn to ascertain the possibility of substituting RFA for river sand in the manufacture of concrete. 
3.1 Texture
The result of the test carried out to determine the surface texture of both materials indicates that both materials have rough surface textures. This is very advantageous for concrete performance because a rough surface enhances the mechanical interlocking and bond strength between the aggregate and cement paste (Neville, 2011). The implication of this is that the use of RFA is unlikely to negatively affect the interfacial transition zone (ITZ) but rather contribute to improved bonding characteristics in concrete.
3.2 Gradation
3.2.1 Sieve Analysis
From the sieve analysis results shown in Figure 1, the Fineness Modulus (FM), Coefficient of Uniformity (Cu), and Coefficient of Curvature (Cc) were determined. The fineness moduli of the two materials are 2.82 and 2.92 respectively. According to Neville (2011`), fine aggregates with FM between 2.3 and 3.1 are generally considered as suitable for concrete production. These results shows that both materials are medium sand with FM ranging between 2.6 t0 2.9. This range is the ideal range recommended for structural concrete because it balances workability with strength characteristics (ASTM C33). The result thus indicates that both materials have similar grading characteristics.






Figure 1: Sieve Analysis Curve of River Sand and RFA


Figure 2: Chart of Gradation Parameters
3.2.2 Coefficient of Uniformity and Coefficient of Curvature. 
According to Das (2015), fine aggregates with Cu values of less than 4 is considered to be poorly graded while values greater than 4 are said to be well graded. From the results presented in Figure 2, River Sand and RFA has Cu of 4.5 and 4 respectively, hence both materials are well graded. This is an indication that both materials the range of particle sizes aregood implying that the voids between larger particles are filled by smaller particles. The effect of this is that the concrete produced from the samples will have better packing and higher density, high compaction efficiency, greater strength and stability and Moderate permeability.
3.2.3 Specific Gravity
The results of the specific gravity of both materials (river sand and RFA) are 2.62 and 2.50 respectively. This Mean that the specific gravity of River Sand is higher than that of RFA. The lower specific gravity of RFA can be attributed to the presence of adhered mortar and higher porosity, which reduces its density. The effect of this reduction can lead to slightly lower concrete density and increased paste demand. However, the values fall within acceptable limit thus confirming that RFA can be used in structural concrete with proper mix adjustments.

Figure 3: Specific Gravity of River Sand and RFA
3.3.3 Water Absorption
The result of the Water Absorption test as presented in Figure 3 reveals that there is a significant difference between the value of River Sand (0.5%) and Recycled aggregate (3.4%). The high water absorption of RFA can be attributed to its porous structure and residual cement paste. The likely effect of this is that there may be an increased water demand in concrete mix this can lead to risk of altering the water-cement ratio, which directly affects strength and durability and if not done it will result in potential reduction in workability. In order to maintain mix consistency and performance, there is the need to pre-soak the RFA or adjust water cement ratio.

Figure 4: Physical Properties of River Sand and RFA
3.2.4 Moisture Content
From the results of the moisture content of both samples presented in Figure 4, the value for River Sand is (2%) while that of RFA is (8%). The value for River Sand is considerably higher than that of RFA. Although BS EN 1097 – 2:2020 does not specify any limit, it requires accurate measurement for mix design adjustments. The effect of the higher value of moisture content in RFA is that it can contribute to increase in bulking of the sample.  It can also affect the workability of fresh concrete and as well alter the effective waster cement ratio of the concrete mix. In order to avoid inconsistencies in concrete quality, it is needful to ensure proper moisture correction. 
From Figure 4, River sand has a bulking value of 17% while RFA has a value of 30%. This implies that the volume of River sand is 17% more than its dry volume, consequently necessary adjustment must be made to cater for the difference if volume batching is to be adopted. Alternatively the mix must be batch by weight. The result of River sand indicates a sample with moderate moisture content which is typical of slightly damp sand. On the other hand, RFA with bulking value of 30% indicates a sample with high moisture content which is at about the optimum bulking condition. This can be as result of the adherence of mortar and dry cement paste to the particles of the sample. The inference on this is that it has a tendency to significantly expand in volume. This has a negative influence that can lead to low sand content mix causing harsh concrete and reduced strength. 
3.2.5 Percentage Silt Content
The silt content of sand is the amount of very fine particles usually the percentage of the particles that passes through the 75 µm sieve present in the aggregate. It is an important quality parameter in Concrete Technology due to the effect bonding and strength of concrete materials as a result of the presence of excess fines in the material. River Sand with silt content of 3% falls within the acceptable range for most codes of practice for concrete materials. The range according to ASTM C33:2016 and BS 882:2004 is < 5%. It implies that the sand is clean and suitable for concrete works with minimal effect on strength and durability of concrete. Conversely, RFA with silt content value of 6% possess fines of slightly higher content than the specified limit of 5%. The effect of this is that it will produce weak bond between cement paste and aggregate, increase the water demand and reduced strength and durability. To avoid these negative effects it will be necessary to ash the sand before use or to blend with cleaner sand. 
3.2.6 Bulking
From Figure 4, River sand has a bulking value of 17% while RFA has a value of 30%. This implies that the volume of River sand is 17% more than its dry volume, consequently necessary adjustment must be made to cater for the difference if volume batching is to be adopted. Alternatively the mix must be batch by weight. The result of River sand indicates a sample with moderate moisture content which is typical of slightly damp sand. On the other hand, RFA with bulking value of 30% indicates a sample with high moisture content which is at about the optimum bulking condition. This can be as result of the adherence of mortar and dry cement paste to the particles of the sample and the relatively high moisture content. The inference on this is that it has a tendency to significantly expand in volume. This has a negative influence that can lead to low sand content mix causing harsh concrete and reduced strength. Additionally, the risk of volumetric errors during batching and inaccurate proportioning of materials can not be ruled out.
4.0 Conclusion
From the results obtained in the study, it can be concluded that properties of RFA differ significantly from that of River Sand possibly due to its higher porosity, moisture content, and fines content.
Further conclusions are that the specific gravity and grading are comparable thus supporting its structural viability. Although, the RFA has higher water absorption and moisture content this can be taken care of by adjusting the mix design parameters. The excessive bulking tendencies can also be limited by carefully controlling the batching or better still by adopting the method of batching by weight.
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