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Abstract 

In this study, experimental investigation will be done by replacing the fine aggregates with partial amount 

of crushed scrap tyre and cement by silica fume. Some of the  test will be performed by taking different 

percentage of crumb rubber and silica fume so that strength of concrete will be checked. Rubber which is 

generated in large quantities as waste does not have useful disposal till now. Hence in this study crumb 

rubber is used as a partial substitute for fine aggregate and silica fume is used as partial substitute for cement. 

The main parameter investigated in this study is M40 grade concrete as per IS 10262-2009 with partial 

replacement of fine aggregate by crumb rubber by 5%. In this mix, after replacing fine aggregate by  5% 

crumb rubber, Then silica fume is added at 5%, 10% and 15% and optimum percentage of silica fume is 

found out. The silica fume is used to regain the reduced strength of concrete due to the use of waste tyre 

crumb rubber particle. This paper presents a detailed experimental study on compressive strength at age of 

7 days and 28 days. The mechanical and durability properties are determined and are compared with the 

corresponding values of the conventional concrete. This provides an environmentally friendly method of 

silica fume and crumb rubber disposal. 
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1. INTRODUCTION 

Concrete is a material of the construction industry which is widely used all over the world. It is versatile, 

has desirable engineering properties, produced with cost-effective materials which can be moulded into any 

shape. Extensive investigations on wastage   recycling   are   being   implemented   to minimize the 

environmental damages. One of the non-recyclable materials enters the environment is automotive used tires. 

Large quantities of scrap tires  are  generated  each  year  globally.  This  is dangerous not only due to 

potential environmental threat, but also from fire hazards. 

http://www.ijsrmes.com/


N. Dansena and N. Dewangan IJSRMES2022038 3(4) 21-27 (2022) 

 

IJSRMES: International Journal for Scientific Research in Modern Engineering and Science 22 

 

 

Figure 1. Burning of scrap tyres 

Over the years, disposal of tires has become one of the serious problems in environments. Land filling is 

becoming unacceptable  because  of  the  rapid  depletion  of available sites for waste disposal. Investigations 

show that used tires are composed of materials, which  do  not  decompose  under  environmental conditions   

and   cause   serious   contaminations. Burning   is   a   choice   for   their   decomposition; however, the 

gases exhausted from the tire burning results in harmful pollutions. In order to prevent the environmental 

problem from growing, recycling tire  is  an  innovative  idea  or  way  in  this  case. Recycling tire is the 

processes of recycling vehicles tires that are no longer suitable for use on vehicles due  to  wear  or  

irreparable  damage.  Based  on examinations, another way is using the tires in concrete. This results in the 

improvement of such mechanical and as energy adsorption, ductility, and resistance to cracking. However, 

this may cause a decrease in compressive strength of the concrete. 

The drawback of the crumb rubber concrete is the compressive strength of the crumb rubber concrete 

reduces significantly with an increasing percentage of crumb rubber. The main reason for the decreasing 

compressive strength of crumb rubber concrete is the weak bonding between the cement matrixes with the 

crumb rubber. Therefore, an improvement is needed for this drawback to increasing the compressive strength 

of the crumb rubber concrete. As a result, the interfacial transition zone between the cement matrix and the 

crumb rubber is enhanced by the usage of Silica fume. 

2. LITERATURE REVIEW 

Nassim and Suksawang (2003) in their very comprehensive study have the main conclusion: "Combining silica 

fume enhances the durability and mechanical properties of HPC. It is highly recommended that a minimum of 5 

percent silica fume be beaded to fly ash concrete to improve its durability. Moreover, the ductility of concrete 

increases when compared to ACI recommendation". 

Siddique and Naik (2004) gave an outline of a portion of the exploration that has been distributed on the utilization 

of scrap tires in substantial assembling. As per considers, the scrap-tire elastic can be utilized to make great func-

tional substantial blends 

Chou et al. (2007) concentrated on whether elastic may be utilized to supplant concrete in an assortment of uses 

and tracked down sure outcomes. The expansion of elastic particles makes the substantial's actual characteristics 

decay, especially its compressive strength. 
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N. J. Azmi B. S. Mohammed, H. M. A. Al-Mattarneh (2008). This research work mainly focused on the mechan-

ical properties of the concrete containing crumb rubber as partial replacement of natural fine aggregates with the 

replacement levels of 10, 15, 20 and 30% by volume. Different water-cement ratios of 0.68, 0.57 and 0.41 were 

used and the testing of the specimen was carried out for compressive strength, split tensile strength, flexural 

strength and also for modulus of elasticity. As in other research works, the results depicted that there is a reduction 

in the compressive strength of the concrete. 

Zeineddine Boudaoud, Miloud Beddar. (2012). As in other research works, this piece also led to the conclusion 

that there is a reduction in the mechanical characteristics of the concrete when rubber is added to it. However, 

even after the reduction in strength, it still has the potential to be used in many places where not much strength is 

required like in the road construction industry. It was observed to be more economical, ecological and lighter than 

normal. 

3. MATERIAL & METHODS 

Cement 

The broadly and most generally utilized cement in all types of construction works is Ordinary Portland Cement 

(OPC). It is of three types 33 grades, 43grade, and 53 grades. One of the important benefits is the faster rate of 

development of strength. Cement is a fine, grey powder. It is mixed with water and materials such as sand, gravel, 

and crushed stone to make concrete. The cement and water form a paste that binds the other materials together as 

the concrete hardens. In the present work Ordinary Portland Cement (OPC) 53 grade as referred to as IS: 12269-

2004 was used for testing. 

 

Fine aggregate  

As per IS 383:1970, an aggregate which is retained on IS 4.75mm sieve is called fine aggregate. Sand is shining 

yellow, off-white, and rounded. The cost of Construction Sand is nil due to its normal availability but its trans-

portation cost is more.  

Coarse aggregate 

As per IS 383:1970, an aggregate which is retained on IS 20mm sieve is called coarse aggregate.  Coarse 

aggregates are responsible for providing 70-75% bulk within the constituents of concrete. It is the prime ingredient 

within the concrete. When it is blended with cement and water it gets to be glued and therefore the entire strong 

matrix is bound during a strong mass called concrete. 

Crumb Rubber 

Crumb rubber is a term usually applied to recycled rubber from automotive and truck scrap tires. During the 

recycling process, steel and fluff are removed leaving tire rubber with a granular consistency. It is the processing 

of the tire into fine granular or powdered particles using mechanical or cryogenic processes. 
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Silica Fume 

Silica fumes also known as micro silica is a fine-grain, thin, and very high surface area silica. It is sometimes 

confused with fumed silica (also known as pyrogenic silica) and colloidal silica. These materials have different 

derivations, technical characteristics and applications. Silica fumes are a by-product of silicon metal or ferrosili-

con alloys. One of the most beneficial uses for silica fumes is in concrete. Because of its chemical and physical 

properties, it is a very reactive pozzolana. Concrete containing silica fumes can have high strength and can be 

very durable. 

 

Water 

Drinking water was used for the preparation of concrete. The quality was uniform and the water samples were 

potable.  

 

Figure 2. Materials used in the study 

 

EXPERIMENTAL PROGRAMME- 

This experimental program consists of the following steps: 

• Collection of Materials 

• Casting 

• Curing 

• Testing 

Collection of materials - The constituent materials used in this investigation were obtained from local sources. 

These materials are used after conducting different tests. The materials used are Cement, silica fume, crumb rubber, 

Fine aggregate, Coarse aggregate, Water.  

 

Casting- Initially the constituent materials were weighed and dry mixing was carried out for cement, sand and 

coarse aggregate and admixtures. This was thoroughly mixed manually to get uniform colour of mix. The mixing 

duration was 2-5 minutes and then the water was added as per the mix proportion. The mixing was carried out for 

3-5 minutes duration. Then the mix poured in to the cube moulds of size 150 x 150x 150 mm and then compacted 

manually using tamping rods. 
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Curing- The cubes are demolded after 1 day of casting and then kept in respective solutions for curing at room 

temperature with a relative humidity of 85% the cubes are taken out from curing after 7days, 28 days for testing. 

Curing is a procedure that is adopted to promote the hardening of concrete under conditions of humidity and  tem-

perature which are conducive to the progressive and proper setting of the constituent cement. Curing has a major 

influence on the properties of hardened concrete such as durability, strength, water-tightness, wear resistance, 

volume stability, and resistance to freezing and thawing. Concrete that has been specified, batched, mixed, placed, 

and finished can still be a failure if improperly or inadequately cured. Curing is usually the last step in a concrete 

project and, unfortunately, is often neglected even by professionals. 

 

Testing-Cubes are tested after completion of curing and for 7days these are tested by UTM with rate of loading 

14mpa/min and for 7days,28 days these are tested by CTM with a rate of loading of 14mpa/min. 

 

Table 1. Concrete Mix proportions for Trials 

Particulars CC0 CRSF0 CRSF5 CRSF10 CRSF15 

Cement(kg/m3) 432.56 432.56 410.93 389.30 367.66 

Sand(kg/m3) 656.62 623.8 623.8 623.8 623.8 

Aggregate(kg/m3) 1176 1176 1176 1176 1176 

Crumb rubber(kg/m3) 0 32.83 32.83 32.83 32.83 

Silica fume (kg/m3) 0 0 21.63 43.26 64.90 

Water(kg/m3) 186 186 186 186 186 

 

Where, 

CC0     = controlled concrete 

CRSF0 = Crumb rubber (CR) 5% replacement of fine aggregate, Silica fume (SF) 0%       

                 replacement of cement. 

CRSF5 = Crumb rubber (CR) 5% replacement of fine aggregate, Silica fum (SF) 5%               

                 replacement of cement. 

CRSF10 = Crumb rubber (CR) 5% replacement of fine aggregate, Silica fume (SF) 10%   

                  replacement of cement. 

CRSF15 = Crumb rubber (CR) 5% replacement of fine aggregate, Silica fume (SF) 15%   

                  replacement of cement. 
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4. RESULTS & DISCUSSIONS 

The following assumption and requirement of ingredients of concrete calculated by trial were further tested for 

compressive test for each partial replacement cases as given below- 

 

Table 2. Comparison between Compressive Strength (N/mm2) of Modified Concrete and   Conventional Con-

crete 

Days CC0 CRSF0 CRSF5 CRSF10 CRSF15 

At 7 Day 28.27 25.54 27.15 29.70 27.07 

At  28 Days 41.34 38.67 40.86 43.23 41.02 

 

 

5. CONCLUSION 

From the experimental work carried out and the analysis of the results following conclusions seem to be 

valid with respect to the utilization Crumb Rubber and Silica fume are as - 

• The compressive strength of silica fume rubberized concrete is more than crumb rubber concrete and 

conventional concrete in both 7 & 28 days. 

• Partial replacement of cement by silica fume increases the compressive strength of rubberized concrete, 

increases up to 10 % replacement of cement by silica fume. 

• CRSF10 shows better compressive strength than conventional concrete (CC) in both 7 and 28 days. 
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