
          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 04 Issue: 08 | Aug -2017                     www.irjet.net                                                                 p-ISSN: 2395-0072 

 

© 2017, IRJET       |       Impact Factor value: 5.181       |       ISO 9001:2008 Certified Journal       |        Page   950 
 

Experimental Study of Mechanical Properties of Concrete using  
Recycled Aggregate with Nano Silica 

Apurva A. Fursule1, Prof.V.S.Shingade2 

1P.G.Student,Civil Department, Trinity COE & Research, Pune ,Maharashtra,India 
2 H.O.D.Civil Department, Trinity COE & Research, Pune, Maharashtra, India  

---------------------------------------------------------------------***---------------------------------------------------------------------
Abstract - This paper presents the experimental study of 
mechanical properties of concrete using recycled aggregate 
with nano silica parameters  such as compressive strength, 
flexural strength and split tensile strength of  the M20 and 
M30 grade of concrete. The fine aggregate was replaced with 
recycled aggregate  as proportions of  0%, 20%, 30%, 40%, 
50% and nano silica 0%,1%,2%,3% and 4%. Mix design was 
prepared (1:2.71:3.64) with water cement ratio 0.53 for M20 
and (1:2.04:2.94) with water cement ratio 0.45 for M30  grade 
of concrete. By replacement of recycled aggregate as fine 
aggregate we can reduce the consumption of natural and 
environmental resources. Test were performed for mechanical 
properties concrete using recycled aggregate using variation 
of nano silica. The results indicate that mechanical properties 
of  concrete increases with increase in recycled aggregate and 
nano silica percentage. The results also demonstrated that the 
compressive strength, flexural strength and split tensile 
strength gives maximum strength at replacement of fine 
aggregate by recycled aggregate with using nano silica. 
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1. INTRODUCTION  
 
The use of recycled aggregates in concrete opens a whole 
new range of possibilities in the reuse of materials in the 
building industry. The utilisation of recycled aggregates is a 
good solution to the problem of an excess of waste material, 
provided that the desired final product quality is reached. 
This reduces the consumption of the natural resources as 
well as the consumption of the landfills required for waste 
concrete. Recycling is the act of processing the used material 
for use in creating new product. The usage of natural 
aggregate is getting more and more intense with the 
advanced development in infrastructure area. Technology 
today has advanced so far that it is forcing us to think of new 
concept called sustainability. To employ recycled aggregate 
derived from concrete waste in a reinforced concrete 
structure, properties as compression resistance, recycled 
aggregate water absorption ratio, recycled aggregate 
crushing resistance and concrete modulus of elasticity can 
give away important information on understanding the 
mechanical behaviour and provide indications of the new 
product’s reliability. The reduction of mechanical strengths 
can be improved with use of nano - technology applied to 
concrete includes the use of nano materials. Nano-materials 
refer to materials that at least, one of its dimensions is less 

than 100 nm. With regard to issues such as strength, 
resistance, durability, and high performance, the 
construction industry is one of the important users of nano-
materials. By adding the nano materials, concrete 
composites with superior properties can be produced. Nano 
silica is one of the most applied nano-particles in concrete. It 
is a new pozzolanic material which is in water in a solid or 
liquid form. In  the concrete industry. Addition of nano silica 
(NS) in concretes and mortars results in more efficient 
hydration of cement. Due to the pozzolonic activity, 
additional calcium silicate hydrates are formed to generate 
more strength and to reduce free calcium hydroxide. This 
also helps in reducing the cement requirement, NS improves 
the microstructure and reduces the water permeability of 
concrete thus making it more durable. 
 

2. OBJECTIVE 

           The main objective of this research work is to study the 
characteristic properties of concrete produced by replacing 
the natural aggregate by recycled aggregate in different 
percentages along with colloidal nano silica and to improve 
the properties of recycled aggregate concrete. Also the 
objective of this study is to investigate the mechanical  
properties like split tensile strength, compressive strength 
and flexural strength. 
 

3. RESEARCH METHODOLOGY 
 

The concrete ingredients were weighed according to their 
mix proportion and they were dry mixed. All the aggregates 
were maintained in saturated surface dry (SSD) state. The 
recycled aggregates were subjected to pre-wetting. The 
natural coarse aggregates were replaced by recycled 
aggregates in the proportion of 0%, 10%, 20%, 30%, 40% 
and 50% along with 0%, 1%, 2%, 3% and 4% colloidal nano 
silica as replacement to cement. To determine the strength 
characteristics, three specimens for each variation for the 
various tests were cast and cured for 28 days. Concrete 

strength as per IS: 516-1959. To get the tensile strength, 
cylindrical specimens of size 150mm diameter and 300 mm 
length were tested as per IS:5816-1999. For flexural 
strength, beam specimens of size 150x150x700mm were 
tested. Two point loading was adopted on an effective span 
of 600 mm to get pure bending, while testing the beam 
specimens as per IS:516-1959.  The results are analyzed.  

cubes of size 150x150x150 mm were tested for compressive 
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4. RESULTS AND DISCUSSION 
 

Compressive Strength of M-30  Grade of Concrete 

 

Sr. 
No. 

Mix 
Identity 

Avg. 
Compressive 

Strength 
(N/mm2) 

1 0 33.96 
2 0.2 33.16 
3 0.3 30.31 
4 0.4 31.63 
5 0.5 33.64 
6 1 31.53 
7 1.2 34.28 
8 1.3 30.97 
9 1.4 32.73 

10 1.5 31.62 
11 2 28.82 
12 2.2 3080 
13 2.3 30.13 
14 2.4 31.59 

15 2.5 29.71 

16 3 32.47 
17 3.2 33.67 
18 3.3 27.94 
19 3.4 32.06 
20 3.5 32.16 
21 4 28.02 
22 4.2 33.32 
23 4.3 32.16 
24 4.4 29.65 
25 4.5 30.6 

 
 

 
 
Bar Chart Showing Variation Of Compressive Strength 

Of Concrete Produced By Replacing Natural Coarse 
Aggregate By Recycled Aggregates And Cement By 

Nano Silica 

Tensile  Strength of M-30  Grade of Concrete 

Sr. 
No. 

Mix 

Identity 

Avg. Tensile 
Strength 

(N/mm2) 

1 0 2.59 

2 0.2 2.25 

3 0.3 2.15 

4 0.4 1.81 

5 0.5 2.06 

6 1 3.18 

7 1.2 2.57 

8 1.3 2.51 

9 1.4 2.50 

10 1.5 2.45 

11 2 2.40 

12 2.2 2.30 

13 2.3 1.79 

14 2.4 1.45 

15 2.5 1.69 

16 3 2.57 

17 3.2 2.33 

18 3.3 2.35 

19 3.4 1.83 

20 3.5 1.96 

21 4 2.63 

22 4.2 2.55 

23 4.3 2.57 

24 4.4 2.22 

25 4.5 1.49 

 

 

Bar Chart Showing Variation Of Tensile Strength Of 
Concrete Produced By Replacing Natural Coarse 

Aggregate By Recycled Aggregates And Cement By 
Nano Silica 
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Flexural  Strength of M-30  Grade of Concrete 

Sr. 
No. 

Mix 

Identity 

Avg. Flexural 
Strength 

(N/mm2) 

1 0 3.75 

2 0.2 3.96 

3 0.3 3.24 

4 0.4 3.78 

5 0.5 3.61 

6 1 4.13 

7 1.2 4.38 

8 1.3 3.98 

9 1.4 4.60 

10 1.5 4.52 

11 2 3.73 

12 2.2 2.82 

13 2.3 3.41 

14 2.4 3.37 

15 2.5 3.43 

16 3 2.76 

17 3.2 2.99 

18 3.3 3.36 

19 3.4 3.11 

20 3.5 2.94 

21 4 2.50 

22 4.2 2.79 

23 4.3 2.82 

24 4.4 2.84 

25 4.5 2.76 

 

 

Bar Chart Showing Variation Of Flexural Strength Of 
Concrete Produced By Replacing Natural Coarse 

Aggregate By Recycled Aggregates And Cement By 
Nano Silica 

5. CONCLUSIONS 
 

1. Workability of concrete reduces as the percentage 
replacement of natural coarse aggregates by recycled 
aggregates increases.   

2. There is a reduction in compressive strength of 
concrete with increase in the percentage replacement 
of natural coarse aggregates by recycled aggregates 
and cement by nano silica. With 50% replacement of 
natural coarse aggregates by recycled aggregates and 
cement by 4% nano silica shows 15.52% decrease of 
compressive strength. 

3. The optimum combination is for 40% replacement of 
natural aggregate by recycled aggregates and 3% of 
replacement of cement by nano silica.  

4. There is a reduction in tensile strength of concrete 
with increase in the percentage replacement of 
natural coarse aggregates by recycled aggregates and 
cement by nano silica. With 50% replacement of 
natural coarse aggregates by recycled aggregates and 
cement by 3% nano silica shows 23.71% decrease of 
Tensile strength.  

5. There is a reduction in flexural strength of concrete 
with increase in the percentage replacement of 
natural coarse aggregates by recycled aggregates and 
cement by nano silica. With 50% replacement of 
natural coarse aggregates by recycled aggregates and 
cement by 4% nano silica shows 33.66% decrease of 
Flexural strength.  

6. For replacement of natural aggregates by recycled 
aggregates upto 20%, the effects are marginal; the 
reduction in workability in terms of slump is about 
14.71%  

7. From compressive strength consideration the 
optimum mix proportion is for mix with 40% 
replacement of natural coarse aggregates by recycled 
aggregates and 3% cement by nano silica. It is 
observed that for 50% replacement of natural coarse 
aggregates by recycled aggregates there is sudden 
reduction in compressive strength for all doses of 
nano silica. 

8. From tensile strength consideration the optimum mix 
proportion is for mix with 20% replacement of 
natural coarse aggregates by recycled aggregates and 
1% cement by nano silica. It is observed that for 50% 
replacement of natural coarse aggregates by recycled 
aggregates there is extreme reduction in compressive 
strength for all doses of nano silica. 

9. From flexural strength consideration the optimum 
mix proportion is for mix with 20% replacement of 
natural coarse aggregates by recycled aggregates and 
2% cement by nano silica. It is observed that for 40% 
replacement of natural coarse aggregates by recycled 
aggregates there is intense reduction in compressive 
strength for all doses of nano silica.  
 

 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 04 Issue: 08 | Aug -2017                     www.irjet.net                                                                 p-ISSN: 2395-0072 

 

© 2017, IRJET       |       Impact Factor value: 5.181       |       ISO 9001:2008 Certified Journal       |        Page   953 
 

ACKNOWLEDGEMENT 
 
I would like to thank my project guide Prof.V.S.Shingade for 
his guidance throughout the project. Also would like to 
express my gratitude for the Structural Engineering 
Department Faculty and P.G classmates. 
 

REFERENCES 

 

[1]   ASHWINI REDDY,MADAN MOHAN, “Effect of Nano Silica 
on       Mechanical Properties of Conventional Concrete: A 
Case Study”, T., International Journal of Applied Sciences, 
Engineering and Management ISSN 2320 – 3439, Vol. 03, No. 
06, November 2014, pp. 36 – 39. 
 
[2] Vijay. P. Kukadia1 Dr. R.K.Gajjar, “Performance of 
Recycled Concrete Aggregates- New Era for Use in 
Construction - A Literature Review”,   IJSRD - International 
Journal for Scientific Research & Development| Vol. 2, Issue 
10, 2014 | ISSN (online): 2321-0613 
 
[3] Suman Saha and Rajasekaran, “Mechanical properties of 
recycled aggregate concrete produced with Portland 
Pozzolana Cement”, Advances in Concrete Construction, Vol. 
4, No. 1 (2016) 027-035 
 
[4] J. Kalyana Chandrasekhar Reddy, “Significance of Silica 
Fume on the Mechanical Properties of Recycled Aggregate 
Concrete”, International Journal of Science and Research 
(IJSR) ISSN (Online): 2319-7064 Index Copernicus Value 
(2013): 6.14 | Impact Factor (2015) 
 
[5] Increasing the Potential for Reuse and Recycling of 
Construction and Demolition Waste - A Case Study From 
Ireland Rosemary Byrne1 & Bernadette O’ Regan, 
Environment and Natural Resources Research; Vol. 4, No. 4; 
2014 ISSN 1927-0488 E-ISSN 1927-0496 
 
[6] M.a , Kanta Rao, VVL.ba , Lakshmy, “Recycled aggregate 
concrete for Transportation Infrastructure Surya” , P, 
ScienceDirect, Procedia - Social and Behavioral Sciences 104 
( 2013 ) 1158 – 1167, doi: 10.1016/j.sbspro.2013.11.212 
 
[7]Mirjana Malešev, “Recycled Concrete as Aggregate for 
Structural Concrete Production” Sustainability ISSN 2071-
1050, Sustainability 2010, 2, 1204-1225;   doi: 10.3390 / 
su2051204: 
 
[8]  Yuvaraj Shanmugasundaram1, Dinesh Nagarajan , 
“Behavioural Investigation on the use of Nanosilica as An 
Additive in Concrete”,  ACEE Int. J. on Transportation and 
Urban Development, Vol. 3, No. 1, October 2013: 
 
[9] Manish Saini 1, Sanjay Goel, “Strength and Permeability 
of Recycled Aggregate Concrete Containing Silica Fumes” , 
International Journal of Innovative Research in Science, 

Engineering and Technology Vol. 5, Issue 10, October 2016. 
 
[10 ] Prerana K.Patil1, Prof.V.S.Shingade, “Effect Of Nano-
silica On Mechanical Properties Of Recycled Aggregate 
Concrete” , IJARIIE-ISSN(O)-2395-4396, Vol-2 Issue-4 2016: 


