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Abstract 
 
An effective waste management and recycling of waste materials are among 

the key goals of sustainable development. Waste tires which is extensively 
difficult to recycle and dumping or landfilling are generating health concern 

such is dengue virus breeding has linked in the waste tires. Thus it’s essential 

to recycle the waste tire in concrete possibly enhance the mechanical 

properties of concrete. Shredded waste tires used for partial replacement of 
coarse aggregates in concrete.  Three fractions of 30%, 40% and 50% 

replacement were considered in addition to a control mix. Two parameters 

were taken into account: size of waste tires rubber aggregate and volume 
fraction of waste tires rubber aggregate.  In the fresh state, workability 

improved with increase in replacement percentage of tire crumbs. In 

hardened concrete, the compressive strength, tensile strength and flexural 

strength decreased with increase in fraction of tire rubber and with increase 
the size of rubber. The apparent unit weight decrease with increase the size 

and percentage of replacement. Concrete with coarse and medium rubber size 

was more workable than concrete with fine aggregate. There was a good 
improvement in impact resistance in sample with medium and fine rubber 

size but a little reduction in absorbed energy in sample with coarse size 

aggregate. 
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1 Introduction 
 

Waste tires disposal is highly health concerning issue with very much 
interlinked with environmental problem. Recycling of the waste tires is 

difficult due to complex texture of the material. Utilization of shredded waste 

tires in the replacement of construction materials is getting attention among 
the engineers and researchers. Concrete is heterogeneous material comprising 

of cement, water, course and fine aggregate. Concrete is considered single 

most widely used material after water on the earth [1]. The mixture of 

concrete alone covered by natural occurring course and fine aggregate 
material of about 70-80% followed by fillers and other binding materials [2]. 

The high demand and utilization of natural materials may cause scarcity thus 

preparing alternative materials would be helpful.  Reuse of the waste tires as 
an alternative material in the concrete might offer better solution to the 

disposal of waste materials. At the same time saving of natural resources 

waste tires thus can be contributed to sustainable green engineering material.    
By utilization of waste tire might affect the mechanical properties of 

concrete. Workability of the rubber modified concrete decreased by 

increasing the quantity of waste rubber [3].  Similar result has found in the 

study [4] by addition of crumb rubber in the concrete resulting workability 
has decreased. Author concluded that by gradually increasing the waste 

rubber contents in the concrete decrease the compressive and flexural 

strength of the concrete. High strength concrete production is possible by 
partially replacement of fine aggregate up to 12.5%.  Study of Ling and Nor 

[5] has replaced fine aggregate  by 10%, 20% and 30% of fine rubber in two 

mix proportions (1:2:3.67 and 1:1.89:3.78) and concluded that when the 
content increase the strength and the unit weight will decrease and additions 

of waste tires rubber was increased significantly toughness, impact resistance 

and plastic deformation of concrete[6]. Another study conducted by [7] 

partially replacement of course aggregate result showing that slump of 
concrete has reduce about 85% compare to the control sample. Study [8] 

investigated the mechanical properties of crumb rubber modified concrete 

shows compressive strength, spilt tensile strength reduce by increasing the 
rubber contents in the concrete. Additionally, waste tire addition in concrete 

increased the water permeability in concrete mixture in the result concrete 

absorb more water.   

Past studies [9-12] conducted to use the waste tire in concrete as a partial 
replacement of fine aggregate has strong recommendations for the utilization 

of waste tire in the concrete. The utilization of waste tire may effectively 

reduce solid waste burden also help to minimize consumption of natural 
resources material use in the building construction. Study of [13] postulated 

that workability of rubber modified concrete decrease by increasing the 

content of waste rubber in the concrete. Study focused on the size of the 
shredded waste tire added in the concrete fine, medium and coarse size.  
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Finer is the size of material better is the mechanical properties of 

rubberized concrete but may increase the cost due to processing of rubber 
into fine. Partial replacement of concrete material [14] with waste rubber 

highly depend on the percentage where lower is the mixing percentage better 

is the mechanical properties of concrete. Future development studies are 

focusing on the treatment of waste tire rubber with acid, coating rubber with 
cement and other binding materials to enhance the mechanical properties of 

rubberized concrete.   In Jordan most of discarded tires using as land fill. 

Landfills are breeding grounds for mosquitoes, potential fire hazards, 
groundwater pollution. With the increasing number of vehicles on Jordan 

roads, the number of discarded tires will increase and exacerbates these 

problems. There are different method to recycle waste tires and using it in the 
benefit applications. One of the beneficial approaches to using tire waste is to 

use it in construction sector as a replacement from aggregate. The study aim 

is to study the mechanical properties of recycled waste tires by replacement 

of course aggregate in concrete for nonstructural purpose.  
 

2 Material and Experimental Work  
 

2.1 Cement  
 

Ordinary Portland cement (CEM I 52.5 N) manufactured by Lafarge is 
used in this experimental study. The physical and chemical properties are the 

recommended standard of JS 30-1:2007 and EN 197-1:2000. 

 

2.2 Coarse and Fine Aggregate  
 

The physical properties of course and fine aggregate used in this study 

are highlighted in the Table 1. The Jordan recommended standard JSS 
96/1987 for fine and coarse aggregate is followed.  

 
Table 1:  Physical Property of Fine and Coarse Aggregate 

Physical Property Fine aggregate Coarse Aggregate 

Particle Size 4.75mm to 0.075mm 
19.5mm to 4.75 

Fineness Modulus 2.83 
4.3 

Absorption Capacity 5.08% 
3.13% 

Moisture Content 2.8% 
1.25% 

Bulk density 

(kg/m3) 

 

1586 1565 
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2.3 Super Plasticizer 
 

In present work, a high performance superplasticising workability 

retention admixture Conplast SP430M is used to reduce the water content in 

the concrete mixture to enhance the workability in order to produce high 
performance concrete. 

 

2.4 Waste Tires Rubber   
 

The used crumbed and shredded of waste truck tires was produced by 

(Advanced Technical Recycling Material Company). The used rubber 

displayed in Figure (1) a: shows the coarse rubber size used for this study, 
followed by b: medium size waste tire rubber and c: fine graded waste tire 

rubber and Figure (2) a: fine graded waste rubber mixed concrete, b: medium 

size mixed wasted rubber concrete and c): coarse graded waste tire rubber 
mixed in concrete displayed the used rubber inside the hardened concrete 

sample. The gradation properties of rubbers are presented in table 2.  

 

 

 
a) Coarse rubber b) Medium rubber 
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 c) Fine rubber 

Figure 1: a: coarse rubber size, b: medium and c:  fine rubber size  

 

  

 
(a) Fine rubber size (b): Medium size (c): coarse rubber size  
Figure2: Presences of rubber particles in modified concrete mix 

 



                                                                                                                  
 

 

 

 
 

 

 
5022 Rayeh Nasr Salam Al-Dala'ien 

 
Table 2: Gradation properties of waste tires rubbers 

Gradation of the coarse waste 

tires rubber 

Gradation of the medium 

waste tires rubber 

Gradation of the fine waste 

tires rubber 

Sieve size 
passing % 

Sieve size 
passing % 

Sieve size passing % 

 (inch) (inch) (inch) 

1ˊ ˊ  100 1ˊ ˊ  100 1ˊ ˊ  100 

3/4ˊ ˊ  99.72 3/4ˊ ˊ  100 3/4ˊ ˊ  100 

1/2ˊ ˊ  45.80 1/2ˊ ˊ  100 1/2ˊ ˊ  100 

3/8ˊ ˊ  35.90 3/8ˊ ˊ  68.95 3/8ˊ ˊ  100 

NO.4 23.22 NO.4 38.47 NO.4 100 

NO.8 14.02 NO.8 20.88 NO.8 84.65 

NO.16 6.60 NO.16 8.70 NO.16 27.38 

NO.30 4.18 NO.30 5.45 NO.30 8.42 

NO.50 3.57 NO.50 5.42 NO.50 0.15 

NO.100 2.95 NO.100 5.38 NO.100 0.1 

NO.200 0 NO.200 0.1 NO.200 0.04 

 

2.5 Mix Proportions  
 

Mixing proportion as shown in the Table 3 were prepared and followed 

British and Jordon recommended standards. Total 6 cubes sample has 

prepared.  
 

Table 3: Mix design of Concrete 

Description Unit Class 40 

Cement content Kg/m3 340 

Coarse aggregate Kg/m3 524.7 

Medium aggregate Kg/m3 612.2 

Fine aggregate Kg/m3 612.2 

Free water Lit/m3 207.4 

Absorbed water Lit/m3 19.5 

Total Water Lit/m3 226.9 

Water/Cement Ratio 61 

Plastisisizer/weight Cement Lit/100Kg cement 0.7 
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2.6 Specimen Preparation  
 
2.6.1 Mixing 
 

Conventional and shredded tires concretes were mixed in horizontal pan-

type mixer of 0.1m
3
 capacity. The interior surface of the mixer was cleaned 

and moistened before it was used. 

 

2.6.2 Casting  
 

After mixing, the concrete was poured into mold and compacted 

manually. The specimens were left for 30 min. before they were leveled by 
hand trowelling.  

 

2.6.3 Curing and Age of Testing  
 

The mold of concrete specimens were covered with Pieces of burlap and 

left in laboratory for 24 hours. The molds were opened and samples were 

taken out carefully and stored in water tank until 1 day before impact test 
date and 30 minute before others tests. The rubber modified samples were 

tested on 54 days of curing.  

 

2.7 Testing Fresh and Hardened Concrete  
 

2.7.1 Slump Test  
 

The slump of fresh mixes was measured according to ASTM C143 test 

method. 

 

2.7.2 Unit Weight Test /Density  
 

Unite weight tests were carried out on 152x152x152 mm cubes  

 

2.7.3 Compressive Strength Test  
 

Compressive strength tests were carried out according to B.S. 1881: part 
116, using a digital testing machine of 2000 KN maximum capacity. Three 

cubes (152 mm) were tested for each mix at each percentage for 

determination of compressive strength. The load was applied was applied 
without shock and increased continuously at a constant rate.  
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2.7.4 Flexural Strength Test  
 

Three points flexure tests were performed on three (100x100x500mm) 

prisms using the machine meeting the requirements of ASTM C78-84.  

 

2.7.5 Splitting Tensile Strength Test  
 

The splitting tensile strength was determined according to the procedure 
outlined in ASTM C496, using (150x300mm) cylinder. Each strength value 

is the average of strength of three specimens.  

 

2.7.6 Impact Resistance Test  
 

A portable and economic impact test published by ACI Committee 544 

was used.The equipment for the drop-weight test consists of three main 
components:  

1- A 4.54 kg standard manually operated compacted hammer with 457 

mm drop (ASTM D1557). 

2- A 63.5 mm hardened steel ball. 
3- A manufactured flat base plate with four positioning lugs and a 

bracket to position the steel ball on top of the test specimen.Cylindrical steel 

mold having the inside dimensions of 150ϕx64 mm were made to cast the 
disk specimens. Figure 3 and 4 show the apparatus of impact test. 

 
Figure 3: Impact resistance testing device 
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3 Results and Discussion  
 

3.1 Slump Test Result 
 

Study observed that slump value of the concrete has increased as the 

addition of waste rubber percentage decreased. The study has mainly two 
observation respect to the size or rubber mixed in the concrete. Large size of 

rubber mix showing slump of the concrete increase conversely by addition of 

small size of rubber mix reduce the slump of the concrete.  The slump has 

increased as the size of rubber aggregate was increased and for fine rubber 
the slump was below the slump of control mix for all percentages but for 

coarse aggregate the slump was above the slump of the control mix for all 

percentages, the slump for medium rubber was around; above and below the 
slump of control mix. The graphical result is shown in figure 4 

 
Figure 4: Slump results of concrete with different sizes of waste tires rubber 

aggregate 

 

3.2 Density/Unit Weight  
 

It is observed that low specific gravity of crumb rubber particles compare 

to the aggregate. The rubber particles are added to the concrete increase the 
porosity of concrete in the result density of the concrete decrease. The 

shredded tires rubber is nearly two and half times lighter than the mineral 

aggregate hence the unit weight of rubber modified concrete significantly 

reduced. The findings are shown in figure 5. Density/unit weight of control 
concrete sample is 2.4g/cm3. Fine waste rubber modified concrete by 

addition of 30% shows slightly lower density of 2.29g/cm3 followed by 2.26 

and 2.25 g/cm3. Increasing the rubber contents of 40% shows the lower 
density of modified concrete of 2.12 g/cm3 fine, 2.02g/cm3 medium and 

1.98g/cm3 coarse rubber.  By addition of 50% waste tire contents shows 

1.95g/cm3 fine, 1.82g/cm3 medium and 1.76g/cm3 coarse rubber.  
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It can concluded that addition of rubber contents by grading of fine to 

coarse and by fraction addition 30-50%  reduce the density of concrete 

compare to the control.  

 
Figure 5: Graphical Comparison of unit weight values 

 

3.3 Compressive Strength  
 

Figure 6 indicated the result of compressive strength test of concrete. 

Study shows the control sample has the highest compressive strength 
compared to the rubber modified concrete. By addition of 30%-40% and 

50% of rubber content in the different size shows lower compressive strength 

of concrete. The control sample or unmodified concrete showing the 

compressive strength 40MPa. Addition of 30% waste rubber in the size of 
fine, medium and course rubber shows the compressive strength 29Mpa, 

25Mpa and 20Mpa respectively. By addition of 40% waste tire reduce the 

compressive strength of concrete 20MPa, 18Mpa and 14Mpa respectively.  
Lastly, 50% addition of waste rubber, fine, medium and course rubber size 

shows significant reduction of compressive strength, 16MPa, 14.5Mpa and 

8.60 respectively.  

 
Figure 6: Comparison of compressive strength test results 
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3.4 Splitting Tensile Strength Test Results 
 

Application of split tensile strength result is illustrate in Figure 7 (a) 
failure occurrence in concrete beam shown horizontally and b) failure of 

modified rubber concrete sample by application of split tensile strength 

vertically. Refer to the graphical result shown in figure 8 indicated that 

rubber modified concrete with three different sizes of fine rubber, medium 
and course size rubber addition to the concrete has significantly reduced the 

tensile strength compared to the control. Result indicated that control sample 

has the tensile strength 3.50Mpa. Where 30% added rubber size fine, 
medium and course size has the tensile strength 1.84Mpa, 2.06Mpa and 1.83 

respectively.  More, addition of 40% shows the result 1.80MPa, 2.01MPa, 

and 1.82Mpa. Lastly, addition of 40% rubber size of fine, medium and 

course rubber showing the tensile strength result 1.55MPa, 1.75MPa and 
1.45MPa respectively.  The mode of failure of the splitting tensile samples 

was quite different when there is and there is no waste tires rubber aggregate, 

where the rubber samples containing medium and coarse rubber, samples 
was maintain cohesion even after the failure was almost one block, but in the 

samples free of rubber was separated into two completely separate. The 

concrete with fine waste tires rubber behaved like control concrete because 
the rubber of small size had no particle bridging effect. 

 

 
(a) Control concrete after test   (Horizontal view)(b) Shredded tires concrete after test 

vertical 

Figure 7: Failure patter of specimens during and after splitting tensile strength tests 
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Figure 8: Comparison of splitting tensile strength test results 

 

3.5 Flexural Strength Test Results  
 

Flexural failure of the concrete beam is shown in Figure 10. The findings 

is graphically shown in figure 9 indicated that rubber modified concrete in 
three difference size and different percentage has added into the concrete to 

study the flexural strength of the concrete. The control sample of concrete 

flexure strength is found 6.8MPa. Where by addition of 30% rubber contents 
fine, medium and course size in concrete is indicated the flexure strength as 

4.8MPa, 4.4MPa and 3.1MPa respectively. Followed by addition of 40% 

indicated 4.3MPa, 4MPa and 2.5MPa flexural strength result for fine, 
medium and course size rubber. Study found that by addition of 50% waste 

rubber in size of fine, medium and course rubber content has the flexural 

value 4MPa, 3.7MPa and 2.15MPa. The study found that by addition of 

waste rubber content significantly reduced the flexural strength of the rubber 
modified concrete.   

 
Figure 9: Comparison of flexural strength test results 

 



                                                                                                                  
 

 

 

 
 

An Assessment of Mechanical Properties of Using Tires Rubber as a Partial 

Replacement of Aggregate in Sustainable Concrete 5029 

 

 
Figure 10: Flexural strength test 

 

3.6 Impact Resistance Test Results 
 

Impact resistance findings of initial failure, complete failure and gained 

energy are shown in figure 11, 12 and 13. Refer to the graphically 

represented figure 11 shows that addition of fine waste rubber contents in the 
concrete significantly increase the impact resistance compare to the medium 

and coarse size rubber contents addition respectively. Result shows that 

compare to control sample the rubber modified concrete has the higher 

impact resistance.  
Findings indicated that by increasing fine rubber content 30%, 40% and 

50% increase the impact resistance respectively comparing to the medium 

and coarse size rubber. The coarse rubber content size addition by increasing 
from 30%, 40% and 50% shows the impact resistance decrease. Meanwhile 

medium size of rubber contents addition 30-40and 50% shows higher impact 

resistance.  

 
Figure 11: Comparison of blows number to first crack 
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Figure 13 indicated that the complete failure of the rubber modified 

concrete during the impact resistance test. In the comparison result rubber 

modified concrete has higher impact resistance than control sample. In 
contrast, by addition of rubber content respect to the size of the rubber 

contents its shows that fine rubber modified concrete has the highest impact 

resistance value followed by medium and coarse rubber modified concrete. 

More numbers of blows required to reach for complete failure of the fine 
rubber modified concrete followed by the medium size and coarse rubber 

aggregate size. Thus, by increasing the rubber content 40% and 50% reduce 

the impact resistance.  Figure 14 shows the energy gained during the impact 
resistance fine size rubber modified concrete has the highest energy 

absorption compare to the medium and coarse size. Hence, the application of 

shredded tires concrete can be of great help in structures that are exposed to 
vibrations and impact loads. The rubber of small size had no particle bridging 

effect; hence, the mode of failure of concrete with fine waste tires rubber 

under static and impact compression was the same as that of plain concrete. 

The mode of failure of the impact resistance test specimens show that at 
specific coarse and medium waste tires rubber content, it was found that the 

failure mode under repeated impact load involves multiple cracking, spelling 

and disintegration. 

 
Figure 12: Comparison of blows number to complete failure 

 
Figure 13: Graphical Comparison of gained energy at complete failure 
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(a) Control concrete after test                                           (b) Shredded tires concrete 

after test 

Figure 14: sample of drop weight test after failure 

 

4 Conclusions  
 

1. Fine waste tires rubber aggregate reduce the slump compared to 
control mix and the slump has increased as the percentage of rubber is 

increased. All sizes of rubber enhance the slump of the modified rubber 

concrete.  
2. The presence of waste tires rubber aggregate reduce the unit 

weight of up to 20.4%, 25.7% and 28.16% was observed when 50% by 

volume of the fine, medium, coarse aggregate was replaced by rubber 
aggregate in sample FR50, MR50 and CR50. 

3. Waste tires /Rubber modified concrete significantly reduce the 

compressive strength compared with the control specimen. This reduction 

increased with increasing the percentage of rubber aggregate and with 
increasing the size of waste tires rubber contents in the concrete mix.  

4. Split tensile strength significantly decrease by increasing rubber 

content in the modified concrete. Split tensile strength reduce by increasing 
the size of the rubber content fine followed medium and coarse size rubber 

content addition to the modified concrete.  

5. Flexural strength significantly decreases by increasing rubber 
content in the modified concrete. Flexural strength reduce by increasing the 

size of the rubber content fine followed medium and coarse size rubber 

content addition to the modified concrete. 

6. Impact resistance of the rubber modified concrete has increased 
compared to the control samples. Findings shows that fine size rubber 

modified concrete has higher impact resistance followed by medium size and 

coarse size rubber mixed in the concrete. Meanwhile increasing the content 
by percentage of 30-40 and 50% shows lower is the impact resistance of fine 

rubber modified concrete followed by medium and coarse size concrete.  
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Hence, the application of shredded tires concrete can be of great help in 

structures that are exposed to vibrations and impact loads.  

7. The rubber of small size had no particle bridging effect; hence, 
the mode of failure of concrete with fine waste tires rubber under static and 

impact compression was the same as that of plain concrete. The mode of 

failure of the impact resistance test specimens show that at specific coarse 
and medium waste tires rubber content, it was found that the failure mode 

under repeated impact load involves multiple cracking, spalling and 

disintegration. 
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