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ABSTRACT 

 

The need to provide commercial ideas to get rid of the 

rubber of car tires has become an urgent issue, especially 

adding to the various construction processes. Adding used 

tires (UT) to the concrete helps reduce landfill areas and 

declines the depletion of raw aggregate used in made the 

concrete mixtures. This research focuses on the study of the 

effectiveness of the use of UT in concrete mixtures according 

to the specifications of Jordan Construction, Where a fine 

aggregates retained on a sieve No. 16 have been replaced with 

UT. Considering keeping the same volume. It has been 

adapted replacement ratios of 50 and 100% of the fine 

aggregate. 

 Hardened properties was studied to measure the value of 

compressive strength (VCS) after 7, 14 and 28 curing days. In 

addition to determine fresh property (Slump test) to study the 

efficiency of adding UT on workability. A 18 cubes of (10 x 10 

x 10 cm) for compressive strength test and a 9 molds (50 x 10 

x10 cm) for flexural strength test, in addition to a 9 cylinders 

(15 cm Dia. X 30 cm height) for tensile strength test, all 

samples were made at a different percentages of UT (0%, 50% 

and 100%), at water/cement ratio of 0.60. 

This study concluded that there is no inverse relationship 

with the increase in the percentage of UT, where the 

compressive strength at the 100 replacement ratio of UT was 

greater than 50%, the increase rate was around 19% at 100% 

of UT related to 50%. The results indicated that the 

workability value was not considerably affected, where the 

slump value was nearly equal to the various replacement ratios 

0, 50, and 100%. 90, 100, and 100 mm respectively. 

Furthermore, a unit weight of used tires concrete mixes 

(UTCM) was reduced about 20% for 100% replacement and 

10% for 50% replacement of UT related to normal concrete 

mixtures (0% UT). 

 

Key words: Crumb Rubber, Raw Aggregate, compressive 

strength, Rubberized concrete. 

 

1. INTRODUCTION 

 

 
 

Currently, there is a huge amount of used tires (UT) 

deserted every year in landfills. The amount of used tires is 

estimated at about 275 billion in the United States and 180 

billion annually in the European Union countries. The UT 

produce an actual ecological hazard, where prohibited 

disposal of UT is also a great fear [1]. UT can be added as a 

replaceable portion of coarse or fine aggregate substitutes, and 

as well as a modifier to Portland cement [2] 

Concrete is considered one of the most used materials in the 

field of civil engineering, but sometimes it suffers from some 

weakness, such as brittleness and tensile strength. High 

Concrete strength and an innovative concrete mixes, may be 

capable to overcome these distresses [3]. Structural work of all 

types consumes large quantities of raw aggregates in addition 

to large quantities of destroyed infrastructure materials. 

Despite this use in construction work, these applications did 

not bring adequate environmental and economic sustainability 

[4]. In general, concrete consists of Portland cement, 

aggregates and water, and some admixture is added to it, is 

sometimes used to modify concrete properties [5][6][7]. 

 Water is required so as to increase speed a cement 

hydration and reach to a definite workability when built-up 

concrete [8]. However, the using of UT with the concrete 

mixes is capable to increase the impact resistance of concrete 

and ductility as well may be suggested to be used in conditions 

where large vibrations should be damped, for example in 

bridge structures [9][10]. It is used in several road projects 

[11]. Modified concrete with UT also has the role in the 

protection of the environment in two ways. First is the 

conservation of raw aggregates consumption and the second is 

to reduce the environmental pollution resulting from the 

breaking of rocks, this is when cutting the UT only and adding 

it as an alternative to the stone materials [12]. Therefore, 

Environmental protection is a prerequisite for protecting the 

human race from the dangers posed to it [13]. In the United 

States, depletion of raw aggregates is projected to increase to 

2.5 billion tons per year in 2020 [14]. UT can be called Crumb 

Rubber (CR), can be added to the concrete as an alternative to 

the fine aggregates or coarse aggregates, this concrete product 

is one of the preserving elements of the environment [15]. 

CR or UT are used rubber made from heavy 

truck and automobile scrap tires, which range from 0.075 mm 

to a smaller than 4.75mm [16]. While the rubber powder 
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consisting of particles smaller than 0.1 cm [10]. 

Various studies have investigated the effects of UT on the 

hardened, fresh and flexural concrete properties, with the 

changed replacement ratios and also different sizes of UT. The 

described results were a decrease or slight increase in the 

hardened, fresh, densities, and elasticity modulus of concrete 

by increasing replacement ratios of UT according to the 

method of replacement or its percentage [2]. Among these 

studies is the study of R SanthoshKumar and other in 2015, 

they have replaced the various ratios 15, 20, and 25% by 

volume of the fine aggregate to investigate (or the mechanical 

concrete performance with UT. This research proved that 

UTCM have higher compressive strength of concrete and 

improved energy adsorption ability and also has a capability to 

resist great deformation at 15% of UT by volume. In addition, 

they have a higher values of flexural strength. And the lower 

unit weight is a good result of adding UT [17]. Effects of the 

confining stress with changed levels and adding of changed 

percentages of UT on the compressive concrete were studied 

by Gholampour and other in 2017. Outcomes display that the 

UTCM decline the compressive strength but greater axial and 

horizontal distortion abilities than those of the control 

concrete. The outcomes also demonstration that confining 

UTCM develops its axial distortion ability and compressive 

strength considerably. The various proportions 0, 6, 12, and 

18% by volume of the sand were replaced in this research [18].  

Another research has highlighted the addition of UT as a 

powder to the concrete. Both Khan and Singh in 2018 replaced 

0, 5, 10, and 15% of the fine aggregate by UT. This study 

concluded that increasing the UT percentage decreased the 

compressive strength by 18% and the tensile strength by 43% 

at 15% of UT [19]. A similar study carried out by N. Gerges 

and other in 2018, regarding UT powder. The fine sand was 

partly substituted by 5, 10, 15, and 20% by UT powder.  

The results indicated that UTCM generally has a lower 

compressive strength of concrete that can limit its usage in 

definite construction projects, it has a several desirable 

performance, such as higher hardiness, higher value of impact 

resistance and lower a unit weight related to conventional 

concrete mixes [20]. 

 Abuzaid and others accomplished in 2019 their study in the 

possibility of filling a circular steel columns with a UT, where 

the ductility and strength of concrete were studied under axial 

load. The percentage of UT was 10% of the percentage of fine 

materials, the compressive strength of UTCM was about 30% 

a smaller amount than that of the conventional concrete. But, 

the axial load capability of UTCM was 1.4 - 6.6% a smaller 

amount than the conventional mixes. And for the ductility of 

UTCM, it is better than conventional mixes and can be used in 

engineering projects subject to vibrations [21].  

After reviewing some previous studies and focusing on what 

a group of researchers reached, the replacement ratios of UT 

were adopted instead of the sand retained on sieve No. 16, 

which is the new idea for this research and the replacement 

ratios were 0, 50 and 100% by the volume. From this principle, 

this study attempted to produce environmentally friendly and 

lightweight concrete that can be used in various fields, such as 

partial partitions in residential buildings or hollow block used 

in slabs, which can lead to decrease the total dead load and it 

can reduce the project cost in general. 

 

2. METHODOLOGY   

 

To accomplish the objectives of the research, A 18 cubes of 

(10 x 10 x1 0 cm) were prepared with 0%, 50% and 100% of 

UT which pass from sieve no. 10 and retained on sieve no. 16, 

at W/C ratio of 0.60. Hardened properties were examined to 

determine the compressive strength of UTCM after 7, 14 and 

28 curing days. Fresh property (Slump value) was determined 

to estimate the efficiency of adding UT on concrete 

workability. Portland cement (type I) brought from Manaseer 

Cement Industry, UT ranging from 5 to 0.05 mm from 

Advance Technical Recycling Material Co. Ltd, Free Zone 

Area, Al Zarqa, Jordan as revealed in Figure 1. Bulk density of 

UT is 512 kg/m3.Set of sieves (1½, 1, ¾, ½, ⅜ in, No.4 and 

pan) for coarse aggregate, and set of sieves (⅜ in, No.4, 10, 16, 

30, 40, 100 and pan) for fine aggregate. 

Fine and coarse aggregates were designated according to the 

Jordanian, depend on the climatic and environmental 

conditions in Jordan [22]. Compressive strength of UTCM 

was determined in conformity with ASTM C39-05 at 7, 14 and 

28 of curing days. Nominal compressive strength was selected 

20 MPa at 28 of days curing, where the weights of the concrete 

components were as follows: Cement was 1.0; Sand 1.5, 

Coarse aggregate 3.0. Also, nine prisms were prepared to 

measure the flexural strength, in addition to nine cylindrical 

samples for tensile strength. 

  

 

 

 

 

 

 

 

 

 

 

 
 

Figure  1: UT size, from 5 to 0.05 mm 

3.  RESULTS AND DISCUSSION 

 

In the last stage of this study, the results were presented with 

Figures that illustrated the relationships between increasing 

the percentage of UT with the fresh and hardened properties of 

concrete.  

As is well known, ordinary concrete mixes can be used in 

many cases with different workability grades in relation to the 

structural function in which these mixtures are placed [23]. 

The results indicated that the slump value of UTCM for 

replacement ratio 100% and 50% of UT was equally as shown 
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in Figure 2, whereas the slump value for conventional concrete 

sample was 90 mm. The decrease in slump values due to UT 

has the absorption rate of water is less than the aggregates that 

cause decrease the workability. This result leads to the 

addition of UT does not significantly affect workability of the 

concrete. The slump values at 50% or 100% of UT (UT 

remaining on the sieve No. 16) after 28 of curing were 100 

mm. It is recommended for use in structural sections subject to 

vibrations such as high ways or it can be used on flat slabs with 

crashed aggregates consistent with criteria exposed by the 

reference of Building research establishment [24]. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2: UT percentage versus Slump value 

 

 

This study concluded that there is no inverse relationship 

with the increase in the percentage of UT, where the 

compressive strength at the 100 replacement ratio of UT was 

greater than 50% as revealed in the Figure 3, and this result is 

contrary to all previous studies that confirmed the existence of 

this inverse relationship, that is, the more the percentage of UT 

the less compressive strength. The increase rate was around 

19% to replace 100% UT, which showed that the UT had an 

important effects on the VCS, this behavior might be as a 

result of the lower absorption of water of UT related to the raw 

aggregates. The VCS at 28 curing days was the higher value in 

comparison with 7 and 14 curing days.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: UT percentage versus compressive strength 

 

Determination of the flexural strength is important in a 

well-designed process of reinforced concrete,   this is in order to 

properly assess the relationship between compressive strength and 

tensile strength, especially so with regard to deformation and 

cracking in concrete [25]. As shown in Figure 4, the flexural strength 

of concrete were 2.7 MPa for conventional  mix, 2.4MPa for UTCM 

with 100%  of UT, and 2.3 MPa for UTCM with 50. Based on the 

results, it was confirmed that the VCS at 100 of the UT is greater than 

50% of UT. 

 

Figure 4: UT percentage versus flexural strength 

 

Figure 5 shows that the tensile strength value at 100% of UT 

lower than 50% of UT after 28 curing age. This may be because of 

the reduction of bonding between the UT surfaces and cement binder 

in new concrete which constitutes a relatively weak area compared to 

the natural aggregates during the concrete tension process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  5: UT percentage versus tensile strength 

4. CONCLUSION 

 

Based on the set of results reached in this research, it was 

found that replacing the fine aggregates by UT gives positive 

results, where the fine aggregate were retained on sieve No. 

16, while the replacement rate was 50 and 100% UT. 

 One of these positive results is a 20% reduction in a unit 

weight of used tires concrete mixes (UTCM) for 100% 

replacement and 10% for 50% replacement of UT related to 

normal concrete mixtures (0% UT). This study concluded that 

there is no inverse relationship with the increase in the 

percentage of UT, where the compressive strength at the 100 

replacement ratio of UT was greater than 50%, the increase 
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rate was around 19% at 100% of UT related to 50%. 

 The results indicated that the workability value was not 

considerably affected, where the slump value was nearly equal 

to the various replacement ratios 0, 50, and 100%. 90, 100, and 

100 mm respectively. Furthermore, a unit weight of used tires 

concrete mixes (UTCM) was reduced about 20% for 100% 

replacement and 10% for 50% replacement of UT related to 

normal concrete mixtures (0% UT). It is recommended for use 

in structural sections subject to vibrations such as a surface 

layer on the road. 
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