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Abstract: Concrete tile is one of the most used construction materials in the world. Cement and aggregate, which are the 

most important constituents used in concrete tile production, they are the vital materials needed for the construction industry. 

This led to a continuous and increasing demand of natural materials used for their production. Parallel to the need for the 

utilization of the natural resources emerges a growing concern for protecting the environment and a need to preserve natural 

resources (such as aggregate) by using alternative materials which are recycled or waste materials. In this research, a study was 

carried out on the use of used rubber tires as a partial replacement for coarse aggregates in concrete tile production using 

locally available waste tires. A review of relevant literatures was done to study previous works in the subject matter. The 

research was carried out by conducting tests on the raw materials to determine their properties and suitability for the 

experiment. Concrete mix designs are prepared using the DOE method and a total of 12 mixes were prepared consisting of two 

concrete grades (C25 and C30). The specimens were produced with percentage replacements of the coarse aggregate by 10, 20, 

30, 40 and 50% of rubber aggregate with and without supper plasticizer (admixture). Moreover, a control mix with no 

replacement of the coarse aggregate was produced to make a comparative analysis. The prepared samples consist of concrete 

cubes, cylinders and beams. Laboratory tests were carried out on the prepared concrete samples. The lists of tests conducted 

are; material property, slump, unit weight, compressive strength, splitting tensile strength and flexural strength tests. The data 

collection was mainly based on the tests conducted on the prepared specimens in the laboratory. The test results were compared 

with the respective conventional concrete properties and show that there is a reduction in compressive strength of the concrete 

due to the inclusion of rubber aggregates. This is improved by using admixture to some extent, but lower density and enhanced 

ductility are the same, and there was a slight increase in flexural strength without admixture. The overall results show that it is 

possible to use recycled rubber tires in concrete tile production as a partial replacement for coarse aggregates. Nevertheless, the 

percentage of replacement should be limited to 10%.  
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1. Introduction 

Looking at a different matter, the function of a house today 

is not only for shelter from rain and sun, but a simple house 

can be a clean, healthy and beautiful place. Also the sidewalk 

here in our country needs treatment to make the road side 

attractive and long life. It’s evident that a clean and 

aesthetically pleasing space can be achieved in yards and 

parking areas by applying concrete floor tiles. Floor tiles can 

be used for the sidewalk, around houses and office buildings. 

The main Function of this material is to cover the floor in a 

long lasting and clean way. Materials used to produce 

concrete floor tile are cement, sand, aggregate, water and 

pigments [1]. 

Aggregate, which are the most important constituents used 

in concrete tile production, is the vital material needed for the 

construction industry. This inevitably led to a continuous and 

increasing demand of natural materials used for their 

production. Parallel to the need for the utilization of the 

natural resources emerges a growing concern for protecting 

the environment and a need to preserve natural resources, 

such as aggregate, by using alternative materials that are 
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either recycled or discarded as a waste [1]. 

Concrete tile strength is greatly affected by the properties 

of its constituents and the mix design parameters. Because 

aggregates represent the major constituent of the bulk of a 

concrete tile mixture, its physical properties affect the 

engineering properties of the final product. An aggregate has 

been customarily treated as inert filler in concrete. However, 

due to the increasing awareness of the role played by 

aggregates in determining many important properties of 

concrete, the traditional view of the aggregate as inert filler is 

being seriously questioned. Aggregate was originally viewed 

as a material dispersed throughout the cement paste largely 

for economic reasons. It is possible, however, to take an 

opposite view and to look at aggregate as a construction 

material connected into a cohesive whole by means of the 

cement paste. In fact aggregate is not truly inert and its 

physical, thermal, and sometimes chemical properties 

influence the performance of concrete tile [2]. 

Aggregate is cheaper than cement and it is, therefore, 

economical to put into the mix much of the former and as 

little of the latter as possible. Nevertheless, the economy is 

not the only reason for using aggregate: it confers 

considerable technical advantages of concrete tile, which has 

a higher volume stability and better durability than hydrated 

cement paste alone [2]. 

The goal of sustainability is that life on the planet can be 

sustained for the foreseeable future and there are three 

components of sustainability: environment, economy, and 

society. To meet its goal, sustainable development must 

ensure that these three components remain healthy and 

balanced. Furthermore, it must do so simultaneously and 

throughout the entire planet, both now and in the future. At 

the moment, the environment is probably the most important 

component and an engineer or architect uses sustainability to 

mean having no net negative impact on the environment. 

Among the many threats that affect the environment are the 

wastes which are generated in the production process or 

discarded after a specific material ends its lifetime or the 

intended use. The wastages are divided as solid waste, liquid 

waste and gaseous wastes. There are many disposal ways for 

liquid and gaseous waste materials. Some solid waste 

materials such as plastic bottles, papers, steel, etc. Can be 

recycled without affecting the environment. However, studies 

on how to dispose some solid wastes such as waste tires in 

the most beneficial ways are not yet fully exhausted [1]. 

A tire is a thermoset material that contains cross-linked 

molecules of sulphur and other chemicals. The process of 

mixing rubber with other chemicals to form this thermoset 

material is commonly known as vulcanization. This makes 

post-consumer tires very stable and nearly impossible to 

degrade under ambient conditions. Consequently, it has 

resulted in a growing disposal problem that has led to 

changes in legislation and significant researches worldwide 

[4]. On the other hand, disposal of the waste tires all around 

the world is becoming higher and higher through time. This 

keeps on increasing every year with the number of vehicles, 

as do the future problems relating to the crucial 

environmental issues [1]. 

The increasing piles of waste tires will create, the 

accumulation of used tires at landfill sites and presents the 

threat of uncontrolled fires, producing a complex mixture of 

chemicals harming the environment and contaminating soil 

and vegetation. It was estimated that in the UK alone, 37 

million car and truck tires are being discarded annually and 

this number is set to increase. This is considered as one of the 

major environmental challenges the World is facing because 

waste rubber is not easily biodegradable even after a long 

period of landfill treatment. One of the solutions suggested 

was the use of tire rubber as partial replacement of coarse 

aggregate in cement-based materials [1]. 

If the tire is burned, the toxic product from the tire will 

damage the environment and thus creating air pollution. 

Since it is not a biodegradable material, this may affect the 

fertility of the soil and vegetation. Sometimes it may produce 

uncontrolled fire. Similarly, the other challenge to the human 

society is in the form of carbon dioxide emission and green 

house emission. These emissions are considered as highly 

threatening wastes to the universe [1]. 

Since 1990, it has been the policy of the State of Arizona 

that the recycling and reuse of waste tires are given the 

highest priority. The Arizona Department of Transportation 

(ADOT) has long supported the use of recycled waste tire 

rubber in asphalt rubber hot mix. A cooperative work 

between ADOT and Arizona State University (ASU) was 

conducted to extend the use of crumb rubber in Portland 

cement concrete mixes. The intent was to use such mixes on 

urban development related projects. A list of feasible projects 

were identified. Examples are roadways or road intersections, 

sidewalks, recreational courts and pathways, and wheelchair 

ramps for better skid resistance. This collaboration has also 

expanded to include members from industry associations, 

concrete suppliers and consultants. Several crumb rubber in 

concrete test sections were built throughout the state of 

Arizona and are being monitored for performance [3]. 

Hence, all the above studies suggest that there is a strong 

need to use waste materials in concrete tile production and 

specifically waste tires should be used in an environmental 

friendly way. For this, concrete tile production can be 

considered as a very realistic and convenient area of 

application [4]. The present study focuses on the evaluation 

of the maximum replacement of natural aggregate of cut 

waste rubber tires in the production of concrete floor tiles. 

2. Materials and Methodology 

This study was based on materials collection, laboratory 

tests, and to determine optimum rubber combined as a partial 

replacement of natural coarse aggregate in the concrete tile 

production. The materials were waste rubber tire, course 

aggregate, sand cement. Waste tires from Horizon Addis Tire 

and manually catted in small pieces (20mm). 

 



 American Journal of Civil Engineering 2020; 8(3): 57-63 59 

 

Table 1. Mix Proportioning for 1m³ of Concrete. 

Type Grade Cement (Kg/ m³) Water (Kg/ m³) 
Fine aggregate. 

(Kg/ m³) 

Coarse aggregate. 

(Kg/ m³) 
Rubber aggregate. (Kg/ m³) 

Control (1) C-25 295 180 666.0 1294.0 0.00 

Mix X2 C-25 295 180 666.0 1164.6 55.30 

Mix X3 C-25 295 180 666.0 1035.2 110.60 

Mix X4 C-25 295 180 666.0 905.8 165.90 

Mix X5 C-25 295 180 666.0 776.4 221.20 

Mix X6 C-25 295 180 666.0 647 276.50 

Control (1) C-30 327 180 656.0 1272 0.00 

Mix Y2 C-30 327 180 656.0 1144.8 54.36 

mixY3 C-30 327 180 656.0 1017.6 108.72 

mixY4 C-30 327 180 656.0 890.4 163.08 

mixY5 C-30 327 180 656.0 763.2 217.44 

mixY6 C-30 327 180 656.0 636 271.80 

Table 2. Mix Proportions for 0.062m³ of concrete. 

Type Grade Cement (Kg/ m³) Water (Kg/ m³) 
Fine aggregate. 

(Kg/ m³) 

Coarse aggregate. (Kg/ 

m³) 

Rubber aggregate. 

(Kg/ m³) 

Control (1) C-25 18.29 11.16 41.29 80.23 0.00 

Mix X2 C-25 18.29 11.16 41.29 72.21 3.30 

Mix X3 C-25 18.29 11.16 41.29 64.18 6.60 

Mix X4 C-25 18.29 11.16 41.29 56.16 9.90 

Mix X5 C-25 18.29 11.16 41.29 48.14 13.20 

Mix X6 C-25 18.29 11.16 41.29 40.12 16.50 

Control (1) C-30 20.27 11.16 40.67 78.86 0.00 

Mix Y2 C-30 20.27 11.16 40.67 70.97 3.37 

mixY3 C-30 20.27 11.16 40.67 63.09 6.74 

mixY4 C-30 20.27 11.16 40.67 55.2 10.11 

mixY5 C-30 20.27 11.16 40.67 47.32 13.48 

mixY6 C-30 20.27 11.16 40.67 39.43 16.85 

 

The required concrete volume to be produced in each of 

the 12 test arrangements was 0.062 m³. Prior to the mixing 

process, all the required ingredients to produce the overall 

volume of concrete planned were prepared in the laboratory. 

3. Result and Discussion 

The strengths of concrete specimens were determined after 

the 7
th

 and 28
th

 days of standard curing. For rubberized 

concrete, the results show that the addition of rubber 

aggregate resulted in a significant reduction in concrete 

compressive strength compared with the control concrete. 

This reduction increased with increasing percentage of 

rubber aggregate. Losses in compressive strength of 12.98% 

(XA2) and 13.97% (YA2) were observed when 10% of the 

coarse aggregate was replaced by an equivalent volume of 

rubber aggregate. Losses of 24.64% (XA3) and 26.21% (YA3) 

were observed when 20% of coarse aggregate was replaced 

by rubber aggregate. The observed losses of strength when 

30% of the coarse aggregate was replaced by rubber 

aggregate were 34.68% (XA4) and 37.41% (YA4). Losses of 

51.23 (XA5) and 54.18% (YA5) were observed when 40% of 

coarse aggregate was replaced by rubber aggregate. Finally, 

losses of strength 63.68% (XA6) and 62.42% (YA6) were 

observed for rubberized concrete containing 50% by volume 

of rubber aggregate replacement. Table 3 below shows the 

results of the 7
th

 and 28
th

 day compressive strength tests. 

Table 3. Compressive strength tests results. 

No. Samples Grade %rubber 
Comp. str. (MPa) %str. Loss 

7 days 28 days 7days 28days 

1 XA1 C-25 0 29.20 40.91 0.00 0.00 

2 XA2 C-25 10 24.30 35.60 16.78 12.98 

3 XA3 C-25 20 23.24 30.83 20.41 24.64 

4 XA4 C-25 30 17.75 26.72 39.21 34.68 

5 XA5 C-25 40 15.21 20.96 47.91 51.23 

6 XA6 C-25 50 12.34 14.86 57.74 63.68 

7 YA1 C-30 0 36.01 49.26 0.00 0.00 

8 YA2 C-30 10 32.04 42.38 11.02 13.97 

9 YA3 C-30 20 22.45 36.35 37.71 26.21 

10 YA4 C-30 30 18.82 30.83 47.74 37.41 

11 YA5 C-30 40 15.10 22.57 58.06 54.18 

12 YA6 C-30 50 14.07 18.51 61.01 62.42 
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Figures 1 and 2 below illustrates the trend of strength 

development in the different concrete Specimens prepared 

and the comparison of the strength achieved in contrast with 

the control concrete. 

 
Figure 1. Compressive strength comparisons of samples. (C-25). 

 
Figure 2. Compressive strength comparisons of samples. (C-30). 

There was a reduction of compressive strength as 

percentage of rubber increased. The reason for the 

compressive strength reductions could be attributed both to a 

reduction of the quantity of the solid load carrying material 

and to the lack of adhesion at the surfaces of the rubber 

aggregate. Soft rubber particles behave as voids in the 

concrete matrix. Considering the very different mechanical 

properties of mineral aggregates and rubber aggregates, 

mineral aggregates usually has high crushing strength and 

they are relatively incompressible, whereas rubber aggregates 
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are ductile, compressible and resilient. Rubber has a very low 

modulus of elasticity of about 7MPa and a Poisson’s ratio of 

0.5 [12]. Therefore, rubbers aggregates tend to behave like 

weak inclusions or voids in the concrete, resulting in a 

reduction in compressive strength. It is well known that the 

presence of voids in concrete greatly reduces its strength. The 

existence of 5% of voids can lower strength by as much as 30% 

and even 2% voids can result in a drop of strength of more 

than 10%, this result is conformed to this literature values [2].  

During pure bending, the member resisting the action is 

subject to internal actions or stresses (shear, tensile and 

compressive). For a bending force applied downward on a 

member supported simply at its two ends, fibers above the 

neutral axis are, generally, subjected to compressive stresses 

and those below the neutral axis to tensile stresses. For this 

load and support system, portions of the member near the 

supports are subjected to relatively higher shear stresses than 

tensile stresses. In this test, the concrete member to be tested 

is supported at its ends and loaded at its interior locations by 

a gradually increasing load to fail. The failure load (loading 

value at which the concrete cracks heavily) is then recorded 

and used to determine the tensile stress at which the member 

failed, i.e. Its tensile strength [29]. 

The prepared beam samples were tested after 28 days of 

standard curing and the results of flexural strength tests for 

the control concretes and the rubberized concretes are 

summarized below in Table 4. 

Table 4. Flexural strength tests results. 

No. Samples Grade % rubber Flexural Strength (MPa) 
% of Strength  

Increased Loosed 

1 XA1 

 

0 11.20 - - 

2 XA2 10 11.45 0.25 - 

3 XA3 20 10.75 - 4.02 

4 XA4 

C-25 

30 9.45 - 15.625 

5 XA5 40 8.15 - 27.23 

6 XA6 50 6.05 - 45.98 

7 YA1 

C-30 

0 12.65 - - 

8 YA2 10 12.75 0.10 - 

9 YA3 20 9.6 - 24.11 

10 YA4 30 7.95 - 37.15 

11 YA5 40 7.11 - 43.79 

12 YA6 50 6.7 - 47.03 

 

There was an increased flexural strength only when ten 

percent (10%) of the coarse aggregate was replaced by 

rubber aggregate, but reduction of flexural strength observed 

when more than ten percent (10%) of coarse aggregate 

replaced by rubber aggregate compared with control. This 

shows that improvements in flexural strength are limited to a 

relatively small amount of rubber aggregate contents. 

As the test result shows there was an advantage of 

increasing in flexural strength to some extent replacing 

coarse aggregate by 10% of rubber aggregate only. It can be 

concluded that as the amount of rubber content increases, by 

more than 10% the reduction in the flexural strength also 

increases. 

4. Conclusion 

As the suitability of the materials is checked and adjusted 

there was no constraint with the materials used for this 

research. The following conclusion has drawn by considering 

the test result and discussion presented in the previous 

sections: 

From the test results slump and workability increased as 

percentage of rubber increased by the same water cement 

ratio. All the test results show that the slumps are between the 

designed ranges (10-30) whereas the result for mix X5 and 

mixX6 (31 mm and 37mm) is close to the designed range. In 

general, rubberized concrete mixes did not pose any 

difficulties in terms of finishing, casting, or placement and 

can be finished to the same standard as plain concrete. 

The unit weight reduction was observed as percentage of 

rubber aggregate increased. Because of the specific gravity of 

the rubber aggregate is lower than that of coarse aggregates, 

this leads to the reduction of unit weight. Rubber aggregate is 

lighter than around two and half times of coarse aggregate, it 

was expected that the mass density of the mix would be 

suggestively reduced. Rubberized concrete can be used in the 

production of concrete floor tile which used for sidewalk or 

the areas which there is no heavy loads, thus the rubberized 

concrete could give a feasible alternative to the normal 

weight concrete. 

The test results show that the addition of rubber aggregate 

resulted in a substantial reduction in concrete compressive 

strength compared with the control concrete. As observed 

from the test results there was a reduction of strength as 

percentage of rubber increased. The reason for the 

compressive strength reductions could be attributed both to a 

reduction of the quantity of the solid load carrying material 

and to the lack of adhesion at the surfaces of the rubber 

aggregate. Soft rubber particles behave as voids in the 

concrete matrix. Therefore, rubbers aggregates tend to 

behave like weak inclusions or voids in the concrete, 

resulting in a reduction in compressive strength. It is well 

known that the presence of voids in concrete greatly reduces 

its strength. 

Also like compressive strength there was a reduction of 

tensile strength recorded with increasing rubber aggregate 
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content. Because of the bond between cement paste and 

rubber tire particles is poor. 

Increased flexural strength was observed by replacing the 

amount of rubber with coarse aggregate up to 10 percent used. 

But when the percentage of rubber increased more than 10 

percent flexural strength reduction were observed. The 

reduction indicates that improvements in flexural strength are 

limited to relatively small rubber aggregate contents. It can 

be concluded that as the amount of rubber content increases, 

the reduction in the flexural strength also increases. The 

advantage of using rubber aggregates from waste tires or 

used tire are; reduction of the environmental threats caused 

by waste tires, an alternative source to aggregates and 

reduces bio disturbance which caused by during quarry of 

aggregates. 

There was an advantage of increasing in flexural strength 

to some extent replacing coarse aggregate by 10% of rubber 

aggregate only. It can be concluded that as the amount of 

rubber content increases, by more than 10% the reduction in 

the flexural strength also increases. 

Using rubber aggregates from waste tires has limitations, 

many issues. Like reduction of the environmental threats 

caused by waste tires, an alternative source of aggregates in 

concrete tile production, reduces the conservation of natural 

resources and reduces the disturbance of biodiversity of 

occurred during quarrying of aggregates. 

Generally, this study shows that it is possible to use waste 

(used) rubber tire in concrete tile production as a partial 

replacement of coarse aggregates. But the percentage should 

be limited. 
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