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 ABSTRACT  

Concrete waste arising from demolished building and demolition constitutes one of the largest 

waste streams within the india and several other developed countries.  Of this a large proportion 

of potentially useful material disposed of as landfill. The economic and environmental 

implications of this are no longer considered sustainable and, as a result, the construction 

industry is experiencing more pressure than ever before to overcome this practice. The use of 

recycled aggregate weakens the quality of recycled aggregate concrete which limits its 

application. For improving the quality of recycled coarse aggregate, various surface treatment 

methods such as washing the recycled aggregates with water and diluted acid were investigated. 

Strength properties of the treated and untreated coarse aggregate were compared. The results 

indicated that flexure strength of recycle aggregate is found to be less than the natural aggregate.  
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INTRODUCTION 

Concrete is the premier construction material across the world and the most widely used in all 

types of civil engineering works, including infrastructure, low and high-rise buildings, defence   

installations, environment protection and local/domestic developments. Concrete is a 

manufactured product, essentially consisting of cement, aggregates, water and admixture(s).   

Among these, aggregates, i.e. inert granular materials such as sand, crushed stone or gravel form 

the major part.  Traditionally aggregates have been readily available at economic prices and of 

qualities to suit all purposes.  However, in recent years the wisdom of our continued wholesale 

extraction and use of aggregates from natural resources has been questioned at an international 

level. This is mainly because of the depletion of quality primary aggregates and greater 

awareness of environmental protection.  In light of this, the availability of natural resources to 

future generations has also been realised. The benefits and weaknesses of using recycled 

aggregate in concrete have been broadly studied [1]. The use of recycled aggregate generally 

increases the drying shrinkage and creep and decreases the compressive strength and modulus of 

elasticity of concrete compared to those of natural aggregate concrete [2-5]. 

 Materials Used  

Cement The Portland Pozzolana Cement conforming was used for the preparation of test 

specimens. Fine Aggregate The fine aggregate used in this experimental investigation was 

natural river sand confirming to zone II Natural Coarse Aggregate Crushed granite aggregates 

particles passing through 20mm and retained on 4.75mm I.S sieve was used as natural aggregates 

which met the grading requirement of Recycled Coarse Aggregate Crushed concrete aggregate 
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waste passing through 20mm and retained on 4.75mm I.S sieve were used as recycled coarse 

aggregate and they met the grading requirements Water Portable 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 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, prisms and 

cylinders. 

 
Fig.1 Sample of recycled aggregate 

 

Acid Properties  

The acid which was bought was highly concentrated so 0.1ml of concentrated acid was mixed 

with 150 ml of water and diluted the laboratory under expert supervision. 

Mix Proportions  

The concrete mix is designed as per IS 10262 – 2009 [6] and IS 456-2000 [7] for the normal 

concrete. The grade of concrete which we adopted wasM20 with the water cement ratio of 0.45. 

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 

 

Table 2. Specimen details: 

S.No  Notations  Prism (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 

Table 3. Average test results 
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Notations Flexural Strength 

(N/mm
2
) 

NA (Natural Aggregate)  3.02 

RA (Recycled Aggregate)  2.54 

R1 (Recycled Aggregate with Water Treatment)  2.62 

R2 (Recycled Aggregate Treated with Nitric Acid)  2.79 

R3 (Recycled Aggregate Treated with Sulphuric Acid)  2.87 

R4 (Recycled Aggregate Treated with Hydrochloric Acid)  2.92 

 

 
Fig.2 Flexural strength of concrete (N/mm

2
) Vs Type of aggregate 

It is observed from the Fig2. the flexural strength of recycled aggregate was decreased by 

15.89% compared to natural aggregate, and the strength of water treated recycled aggregate was 

increased by 3.14%, the strength of nitric acid treated recycled aggregate increased by 

9.84%,sulphuric acid treated recycled aggregate increased by 12.99 % and hydrochloric acid 

treated recycled aggregate increased by 14.96 % than the recycled aggregate. 

 

 
Fig.3 Flexural failure pattern 
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CONCLUSION  

The following conclusions have been made based on the results obtained from the experimental 

investigation.  

The test results showed that the flexural strength of the recycled aggregate concrete is found to 

be lower than the natural aggregate. However the strength of recycled aggregate concrete can be 

improved by the water and acid treatments. Furthermore Recycled aggregate treated with nitric 

acid displayed the decent result compared to the hydrochloric and sulphuric acid and from 

economical point of view; water and acid treated recycled aggregates can be used in place of 

natural aggregates for temporary structures. 
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