
ISSN: 0974-2115 
www.jchps.com                                                                    Journal of Chemical and Pharmaceutical Sciences 

July - September 2016 2325 JCPS Volume 9 Issue 3 

Analysis of rubber aggregates used concrete beams 
Priyanka Asutkar1*, S. B.Shinde1, P. R. Punase2 

1MGM’s Jawaharlal Nehru Engineering Collage, Aurangabad, MH, India 

2SSBT Collage of Engineering and Technology, Jalgaon, MH, India. 

*Corresponding author:E-Mail:priyaasutkar1992@gmail.com 

ABSTRACT 

Concrete is one the most extensively used construction material all over the world. Many scientists and 

researchers are in quest for developing alternate construction material that are environment friendly and contribute 

towards sustainable development. Huge amount of rubber tyres waste is generating day by day which creates the 

disposal problem and has many environmental issues. As this scrap rubber waste is an elastic material having less 

specific gravity, energy absorbent material can be used as a replacement material for obtaining light weight concrete. 

In present study the coarse aggregates in concrete are replaced with rubber aggregates by varying the replacement 

proportion from 0% to 20% with increment of 5%. The elastic properties are determined from concrete cubes. 3 

cubes for each percentage of replacement are casted and tested after 28th days of curing. Method of initial functions 

is used for the analysis of beams. The Method of initial functions (MIF) is an analytical method of elasticity theory 

from which stresses and displacement can be determined. This attempt of replacing the coarse aggregates with rubber 

aggregates will save the natural aggregates, reduces weight of structure and also helps achieve sustainability.  
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1. INTRODUCTION  

 The scarcity and availability of sand and aggregate at reasonable rates are now giving anxiety to the 

construction industry. Over years, deforestation and extraction of natural aggregates from river beds, lakes and other 

water bodies have resulted in huge environmental problems. Erosion of the existing topography usually results in 

flooding and landslides. Moreover, the filtration of rain water achieved by deposits of natural sand is being lost, 

thereby causing contamination of water reserves used for human consumption. Hence, to prevent pollution 

authorities are imposing more and more stringent restrictions on the extraction of natural aggregates and its crushing. 

The best way to overcome this problem is to find alternate aggregates for construction in place of conventional 

natural aggregates. In this research rubber aggregates from discarded tyre rubber in sizes 20-10 mm, is partially 

replaced with natural aggregates in cement concrete. 

Method of initial functions (MIF): MIF was first proposed by Malieev in 1951 and further developed by Vlasov in 

1955. Beams  that  are built  of  more  than  one  material  are  called  composite beams. It  is difficult  to  analyze  

the  laminated  beams  by  the bending  theory used  for  ordinary  beams. In MIF, equations  governing  the  flexure  

of composite  laminated  beams  are  derived  without  making any assumption regarding the physical  behavior  of 

beams. The method of initial functions (MIF) has been used for deriving the equations. It is an analytical method of 

elasticity theory allows us to obtain the exact solutions for certain types of problems without use of hypotheses about 

the character of the stress-strain state of the structural element. In recent years the MIF has been used intensively for 

the analysis of various problems. For example, three-dimensional elasticity equations for circular cylindrical shells 

are solved by assuming Taylor series expansions for finding stresses and displacements. 

2. MATERIAL AND METHODS 

             The rubber aggregates are obtained by shredding the scrap tire rubber in 20mm size. Heavy vehicles tire 

scraps were used for preparing the rubber aggregates. The percentage of replacement is done by volume. Cubes size 

is taken as 150 x1 50 x 150 mm. The properties of material used are discussed below. 

Table.1.Physical properties of materials used 

Material Specific gravity Bulk Density (kg/m3) 
Rubber aggregates 1.10 650 

Fine aggregates 2.6 1650 
Coarse aggregates 2.8 1720 

 

Table.2.Mix proportion (kg/m3) 

Designation Cement 

(kg) 

Water 

(litres) 

Fine aggregates 

(kg) 

Coarse 

aggregates (kg) 

Rubber 

aggregates (kg) 

NC - 0% 364.81 225.17 610.43 1239.64 - 
RC -5% 437.77 224.2 590.03 1177.65 23.30 

RC -10% 437.77 224.2 590.03 1115.67 46.73 
RC- 15% 437.77 224.2 590.03 1053.69 70.101 
RC-20% 437.77 224.2 590.03 991.71 93.46 
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Figure.1.Rubber Aggregates (20mm) Figure.2.Concrete Cubes 

Compressive test on concrete cubes: The coarse aggregates in the concrete was  replaced successively by different 

percentage of rubber aggregates with varying proportion from 0%, 5%, 10%, 15%, 20%.The concrete cubes of size 150mm3 

were casted and tested after 28 days of curing. 

  
Figure.3.Testing of concrete cubes Figure.4.Variation of compressive strength for 

different percentage of replacement 

Table.3.Compressive strength of cubes for various percentage of replacement 
% of replacement Coarse aggregates replaced concrete (N/mm2) 

0% 31.7 
5% 29.23 

10% 25.61 
15% 21.34 
20% 16.61 

Table 4. Elastic Properties 

Material % of Replacement of 

Coarse Aggregates 

Load 

(KN) 

E 

(N/mm2) 

G 

(N/mm2) 

μ 

Coarse 

aggregates 

replaced with 

rubber 

aggregates 

concrete 

0 100 28729.13 1197.47 0.20 
5 98.80 24658.06 10274.19 0.20 
10 97.50 21589.82 8995.75 0.20 
15 93.20 16827.65 7011.52 0.20 
20 85.20 14284.55 5951.89 0.20 

Analysis of composite beam by MIF: The following values of beam dimensions are chosen for the particular 

problem. H=250mm, l=2000mm. The boundary condition of simply supported edges is given by X=Y=v=0, at x=0 

and x=l. A Point load is assumed, on top surface of the beam. The expression for point load in sine series is given by 

Taking Po=100 N/m and x=l/2. The design loads Po are calculated by using IS 456-2000. The elastic properties are 

determined by using expression from ACI-318. μ is constant for all cases, and G is determined by using the 

expression E=2G(1+ μ).   

3. RESULTS AND DISCUSSION 
The analytical results of stresses and displacement by using method of initial functions are shown in the 

following table. 
Table.5.Beam loaded with point load 100KN 

Depth of Beam V (mm) X (N/mm2) Bending Stress (N/mm2) 

400 0.51 0 7.67 

350 0.51 0.53 5.74 

300 0.51 0.78 3.93 

250 0.512 0.93 2.182 

200 0.512 0.968 0.49 

150 0.511 0.92 -1.19 

100 0.511 0.79 -2.87 

50 0.51 0.54 -4.58 

0 0.51 0 -6.26 
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Table.6.Beam loaded with point load 98.80 KN 

Depth of Beam V (mm) X (N/mm2) Bending stress (N/mm2) 

400 0.579 0 7.33 

350 0.58 0.38 5.47 

300 0.58 0.67 3.71 

250 0.58 0.85 2.01 

200 0.579 0.93 0.37 

150 0.578 0.88 -1.2 

100 0.577 0.73 -2.8 

50 0.571 0.43 -4.53 

0 0.574 0 -6.24 

 

Table.7.Beam loaded with point load 97.50 KN 

Depth of Beam V (mm) X (N/mm2) Bending stress (N/mm2) 

400 0.648 6.84 7.27 

350 0.648 5.13 5.45 

300 0.648 3.5 3.7 

250 0.648 1.94 2 

200 0.647 0.15 0.35 

150 0.646 -1.06 -1.1 

100 0.645 -2.56 -2.74 

50 0.643 -4.08 -4.6 

0 0.641 0 -6.03 

 

Table.8.Beam loaded with point load 93.20 KN 

Depth of Beam V (mm) X (N/mm2) Bending stress (N/mm2) 

400 0.805 0 7.068 

350 0.805 0.35 5.29 

300 0.805 0.62 3.62 

250 0.804 0.78 1.98 

200 0.804 0.85 0.24 

150 0.803 0.81 -1.1 

100 0.801 0.66 -2.64 

50 0.799 0.39 -4.21 

0 0.796 0 -5.84 

The following figure shows the profile of stresses and displacement across the depth of beam. 

 

  
Figure.5.Variation of bending stress for different 

percentage of replacement. The bending Stress decreases 

as the percentage replacement of coarse aggregates by 

rubber aggregates in concrete increases. Reduction of 

bending stress is less upto 15% but suddenly decreases 

by 12% for 20% replacement of coarse aggregates 

Figure.6.Variation of shear stress for different 

percentage of replacement across the depth. The shear 

Stress is zero at top end of the beams and maximum at 

centre. As percentage replacement of coarse aggregates 

by rubber aggregates in concrete increases the shear 

stress decreases 
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Figure.7.Variation of displacement across depth of beam for different percentage of replacement. 

The variation of displacement (v) is almost linear across the depth. It increases with increase in 

percentage replacement of coarse aggregates by rubber aggregates in concrete. Less variation is observed 

5% and 10% but displacement is more for 15 % and 20% replacement 

 

4. CONCLUSION 
 The following conclusions are made based on the above experimental work and analysis by MIF. 

 Experimentally it is seen that the compressive strength of the concrete decreases when coarse aggregates are 

replaced by rubber aggregates. The rubber aggregates can be effectively replaced up to 15%.  

 The results of shear stress and bending stresses are analysed by using MIF satisfies the physical behaviour 

of beam. 

 The analytical results shows that the bending Stress decreases as the percentage replacement of coarse 

aggregates by rubber aggregates in concrete increases.  

 The results indicate that displacements are more for rubber aggregates replacement. 

 This study suggest that use of scrap material will help to recycle the material and can be effectively used in 

concrete. This will save the natural aggregates and also helps to achieves sustainability. 
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