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Abstract – The increasing gap between the demand and supply of ingredients that are used in production of concrete is driving 

researchers to identify newer and more sustainable sources in the construction industry. Recycling of concrete is gaining 

popularity in terms of protecting natural resources and also providing sustainable construction solution. Several investigations 

have been carried out in order to study and evaluate the effects of using recycled aggregate on the behavior of hardened concrete. 

In the current study, cubical and cylindrical specimen have been cast and tested for compressive strength and split tensile 

strength for concrete of grade M25 that was made of recycled aggregates, manufactured sand and silica fume. 

Index Terms – Recycled concrete aggregate, Artificial sand, Manufactured Sand, M-sand, Silica Fume. 

 

I. INTRODUCTION 
 

Concrete is a material that is extensively used throughout the world, the consumption of concrete by the construction 

industry is increasing day by day. This increase in consumption of this product has led to increase in the demand of 

the ingredients that the concrete is made up of. This results in enormous exploitation of these natural materials. 

While some of these materials are getting exhausted worldwide, some of these are even banned in few countries and 

states. Every year thousands of building are demolished in the construction industry and this generates tons of 

demolition waste. This creates a large disposal problem in this sector. Researches are continuously working in an 

effort to minimize this disposal by trying to find its utilization in various civil engineering products. Using recycled 

aggregate results environmentally sustainable concrete, however results have shown that using recycled aggregates in 

conventional concrete have resulted in reduced strength as the recycled aggregates are more porous due to the 

coating of mortar over the surface of the aggregate, which increases the water absorption and permeability of the 

concrete resulting in reduced strength, in this current research, attempts have been made to add silica fume is 

percentage of 0, 5 and 10 as replacement for cement. Silica fume particles have very fine particles with particle size 

as 100 times smaller than that of ordinary Portland cement, this helps in reducing the porosity of concrete resulting in 

increased strength of the hardened concrete. M25 Grade is attempted here with admixture silica fume.  
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Fig. 1 Recycled Concrete Aggregate 

 

II. RESEARCH OBJECTIVES 

The specific objective of this experimental study is to evaluate the mechanical behavior of concrete made with 

recycled coarse aggregate with varying percentages of Silica Fume. 

1. To design concrete of grade M25 using recycled coarse aggregates, manufactured sand and varying 

percentage of silica fume.  

2. To evaluate and investigate the mechanical behavior of the concrete by conducting compressive and tensile 

strength on cubical and cylindrical specimen respectively. 

3. Specimens are prepared at replacement levels of 0%, 5% and 10% of Ordinary Portland Cement with Silica 

Fume. 

 

III. METHODOLOGY OF THE STUDY 

 

A. Materials used  

 

Cement – Ordinary Portland cement of 53 grade conforming to the specifications of IS 383 – 2016, has been used in 

this study.  

 

Aggregates 

 

Fine Aggregate – Manufactured sand of size less than 4.75mm, conforming to IS 383 – 2016, has been used in this 

study in place of natural river sand. Manufactured sand or artificial sand is produced by crushing of hard granite 

stone. The crushed sand produced using this technology are of cubicle shape.  

 

Coarse aggregates – In this study recycled coarse aggregate of size 20 mm have been procured from concrete 

recycling plant and have been used. 

 

Water – Potable water free of carbonic content, sulphates and chlorides has been used. 

 

Mineral Admixture – Silica Fume 

 

B. Preliminary Material Properties  

Table 1. Material Properties 

 

PROPERTY RESULT 

Ordinary Portland cement 

Specific gravity  3.19 

Normal consistency  32% 

Manufactured Sand  

Specific gravity  2.35 

Water absorption  2% 

Fineness modulus  3.47 

Properties of Recycled Coarse Aggregate 

Specific gravity  2.33 
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Water absorption  5.1% 

Properties of Silica Fume 

Specific gravity 2.4 

Fineness 5.5% 

   

       

 

 
Fig. 2 Experimental set up 

 

IV. EXPERIMENTAL PROCEDURE 

 Designing recycled aggregate concrete for a target strength of M25. 

 Casting of concrete cubes and cylinders to determine the mechanical properties of hardened concrete. 

 In the investigation, cement was replaced partially in percentages of 0%, 5% and 10%, by silica fume. 

 A total of 27 nos. cubical specimen measuring 0.15 x 0.15 x 0.15 mt were casted for each percentage of 

replacement of Silica Fume. 

 27 nos. of cylinders of size 0.30 x 0.15 mt were casted for each percentage of replacement of Silica 

Fume. 

 All the cubes and the cylinders were cured in water after demolding and tested on 7th, 14th and 28th day 

for compression and tension behavior. 

 

 
 

Fig. 3 Casted Specimen 

 

 

 

V. RESULTS AND DISCUSSIONS 

 

A. Tests to evaluate Fresh Concrete: 

Slump test was performed on the fresh concrete according to IS: 1199-1959.  
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Table 2. Fresh Properties of concrete 

 

Sl. No. Test Result (Slump Values) 

1. Slump Test 70 mm 

 

 

B. Compressive strength:  

After curing the hardened cubical specimen in water, the cubes were placed under compression testing machine 

on 7th, 14th and 28th day and were tested for their compressive strength. It was noted that the compressive strength 

increased for specimen with increasing dosage of silica fume. The specimen with 10% silica fume showed higher 

compressive strength than the specimen without any silica fume. Hence it can be concluded that addition of silica 

fume to concrete that is made with recycled aggregate results in increased strength. 

 

 
 

Fig 4. Compression testing 

 

 
 

Fig 5. Compressive strength of cubes on 7th, 14th and 28th day 

C. Tensile strength:  

After curing the hardened cylindrical specimen in water, the cylinders were placed under compression testing 

machine on 7th, 14th and 28th day and were tested for their split tensile strength. It was noted that the tensile strength 

increased for specimen with increasing dosage of silica fume. The specimen with 10% silica fume showed higher 

tensile strength than the specimen without any silica fume. Hence it can be concluded that addition of silica fume to 

concrete that is made with recycled aggregate results in increased mechanical strength. 
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Fig 6. Test for Split Tensile Strength 

 

 
 

Fig 7. Split tensile strength of cylinders on 7th, 14th and 28th day 

 

 

 

V. CONCLUSIONS 

Replacing of coarse aggregate by recycled coarse aggregate and natural sand by manufactured sand or artificial sand 

in conventional concrete, indicates improvement in the mechanical properties of hardened concrete when silica fume 

is added to the mix.  

In the current investigation, the recycled aggregate concrete with silica fume was evaluated for fresh and mechanical 

properties and the conclusion is as follows: 

1. It is observed that the results of compression test increases with the increase in percentage addition of silica 

fume.  

2. It is observed that the results of split tensile test increases with the increase in percentage addition of silica fume.  

3. It is noticed that recycled aggregate reduced the workability of concrete with recycled aggregate due to the 

coating of existing mortar on the surface of the aggregate. 
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