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ABSTRACT 

The aggregates are very important elements in concrete. The consequence of enormous 

utilization of aggregates is the destruction of hills causing geological and environmental 

imbalance. In order to achieve sustainable development, recycling of wastes has become a major 

concern in many parts of the country. In construction industry the usage of recycled aggregate is 

becoming popular nowadays especially in the places where there exists a scarcity for the 

construction aggregates. In this study an attempt has been made to analyze the quality of the 

recycled aggregate concrete that contains the aggregate with various surface treatments such as 

washing of recycled aggregate with water and the diluted acid. The test results indicated the 

compressive strength of recycled aggregate concrete is found to be less than the conventional 

concrete.  
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1. INTRODUCTION  

The utilization of recycled construction wastes in concrete not only makes it economical but also 

it provides a better way to the problems associated with the disposal of demolition wastes. In 

places where there exists a scarcity for natural aggregates, the recycled aggregates act as an 

alternative and its influence on the properties of the concrete has been studied in various research 

works [1]. The usage of recycled aggregate increases the creep and shrinkage and decreases the 

compressive strength and modulus of elasticity of concrete when compared to that of natural 

aggregate concrete [2-5]. The reduction in strength parameters of recycled aggregate concrete 

poses the major limitation for the usage of recycled aggregate in structural concrete. The 

reduction in strength can be counteracted to a certain extent by incorporation of fly ash into the 

concrete as it has the potential to limit the creep and drying shrinkage in concrete [6-11].   

 

2. Experimental program 

To determine the strength of the concrete prepared using recycled aggregate, the water washing 

and presoaking treatments using nitric, hydrochloric and sulphuric acid has been done. 
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 2.1. Materials Used  

 

Cement:  In this experimental investigation ordinary Portland cement of 53 grade was used. 

 

Fine Aggregate: The fine aggregate used in this experimental investigation was natural river 

sand confirming to zone II  

 

Natural Coarse Aggregate: Crushed granite aggregate particles passing through 20mm and 

retained on 4.75mm IS sieve was used as natural aggregates.  

Recycled Coarse Aggregate: Crushed concrete aggregate waste passing through 20mm and 

retained on 4.75mm I.S sieve were used as recycled coarse aggregate.  

 

Water: Potable water available in laboratory was used for mixing and curing the concrete 

specimens.  

 

Pre Soaking Treatments: The recycled aggregates were crushed and soaked in water for 24 

hours for water treatment and then kept for drying. Similarly the recycled aggregate soaked with 

diluted sulphuric, hydrochloric and nitric acids separately and then those aggregates were used 

for casting of concrete cubes. 

 

Acid Properties: The 0.1ml of concentrated acid was mixed with 150 ml of water and diluted in 

the laboratory under expert supervision. The properties of the acid used in the experiment are 

given in table 1. 

 

Table1. Properties of acid 

Molecular formula  Nitric Acid (HNO3)  Sulphuric Acid 

(H2SO4)  

Hydrochloric Acid 

(HCl)  

Appearance  Colourless, mobile 

liquid  

Colourless, clear, 

odorless  

Highly corrosive,  

strong mineral acid  

Density  1.512 g/cm3  1.84 g/cm3  1.490 g/L  

Solubility in water  Miscible with water  Fully Miscible with 

water  

Soluble in water and 

other polar solvents  

Acidity  -1.64  -3  -1.1  

Viscosity  2.6 at 68 F  26.7cP at20̊ C  2.8cP at 68 F  

Molecular weight  63.01g/mol  98.078 g/mol  36.46 g mol−1  

 

2.2 Grade of concrete 

The grade of concrete used in this experiment is M20 and the mix proportion is adopted as per IS 

10262-2009 [12]. Water cement ratio of 0.45 was adopted. 

 

2.3 Preparation of specimens 

The compressive strength of M20 grade of concrete prepared using recycled concrete aggregates 

was studied by casting cubes. The dimensions of the cubes casted were 150X150X150mm. The 

concrete was poured into the mould in layers and after 24 hours the specimens were removed 

from the mould for curing. The details of the specimen are given in table 2. 
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Table 2 Details of specimens 

S.No  Notations Cube (Nos) 

1. N.A(Natural Aggregate)  3 

2. R.A(Recycled Aggregate)  3 

3. R1(Recycled Aggregate with water treatment)  3 

4. R2(Recycled aggregate with Nitric Acid treatment)  3 

5. R3(Recycled Aggregate with Sulphuric Acid Treatment)  3 

6. R4(Recycled Aggregate with Hydrochloric Acid Treatment)  3 

 

3. Testing 

Concrete specimens were taken out of curing chamber after 28days and the cubes were tested for 

their compressive strength using a compression testing machine. 

 

4. Results and discussions  

From the tests conducted it is found that the compressive strength of the recycled aggregate 

concrete decreased by 18.6% when compared to natural aggregate concrete. The concrete 

containing the recycled aggregates soaked in water, nitric acid, sulphuric acid and hydrochloric 

acid showed an increase in strength of 4.7%, 11.2%, 5.1% and 6.9% respectively when compared 

to untreated recycled aggregates. The test results obtained are given in table 3. The failure 

pattern observed in the specimens is given figure 1. 

Table 3 Average test results 

Notations Compressive Strength 

(N/mm2) 

NA (Natural Aggregate)  22.45 

RA (Recycled Aggregate)  18.1 

R1 (Recycled Aggregate with Water Treatment)  18.9 

R2 (Recycled Aggregate Treated with Nitric Acid)  20.4 

R3 (Recycled Aggregate Treated with Sulphuric Acid)  19.2 

R4 (Recycled Aggregate Treated with Hydrochloric Acid)  19.8 

 

 
 

Fig 1 Compression failure 
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Conclusion 

From the test results obtained it is found that the recycled aggregates tend to decrease the 

compressive strength of the concrete. But when the recycled aggregates are used in concrete after 

appropriate surface treatments like washing them with water and diluted acids an increment in 

strength is achieved in that concrete mix when compared to concrete prepared using untreated 

recycled aggregates. Thus the recycled aggregate proves to be beneficial when suitable surface 

treatments are adopted and it can be used for preparing concrete for structures of less importance. 
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