
 

 

 

The Egyptian International Journal of 

Engineering Sciences and Technology 

 

 

https://eijest.journals.ekb.eg/  

Vol. 45 (2024) 26–33 

DOI: 10.21608/EIJEST.2023.185063.1208 
 
 

 

* Corresponding author. Tel.: +201016977080 

  E-mail address: shiren_osman@yahoo.com 

An Experimental Investigation for The Performance of Crumb 

Rubber and Fly Ash Concrete  

Shiren Osman Ahmed* 
 

Civil Engineering Department, Delta Higher Institute for Engineering& Technology, Mansoura, Egypt. 

A R T I C L E I N F O  A B S T R A C T 
 

Article history: 
 

Received 25 January 2023 

Received in revised form 
03 May 2023 

Accepted 08 June 2023 

Available online 15 

June 2023 

  

The utilization of recycled rubber tires as a partial substitution of the natural 

aggregate in concrete is the solution for safe disposal of it. Since that rubber affects 

the mechanical characteristics of concrete negatively due to the rubber and cement 

mortar low cohesion, it was necessary to improve these properties by adding 

pozzolanic additives such as fly ash. The objective of this paper is to study the 

effect of treated crumb rubber and fly ash on the performance of concrete. The 

crumb rubber (CR) has been treated with benzene. CR particles were added as a 

partial substitution of sand by 5%, 10%, 15%, and 20% of its weight, and the 

cement was replaced with fly ash by 15% of its weight.  Many tests were carried 

out to evaluate mechanical characteristics of hardened concrete such as 

compressive strength, splitting tensile strength, water absorption, density, and 

modulus of elasticity. The slump test was conducted to assess the consistency of the 

concrete. The results showed that the compressive strength of CR mixes decreased 

by 7.14%, 18.36%, 26.5%, and 35.7% compared with that of the control mix. The 

tensile strength of CR mixes reduced by 6.5%, 10.8%, 18.9%, and 35.13% than that 

of the reference mix at the age of 28 days.  With an increasing rubber content, the 

modulus of elasticity reduced, and the water absorption rate of CR mixes increased 

compared with that of the control mix. The mixture containing 5% CR achieved the 

highest value of compressive, flexural, and indirect tensile strength, and the lowest 

water absorption rate in comparison to the other mixtures including CR particles. 
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1. Introduction 

Waste tire rubber disposal has grown to be a 

significant global environmental concern and a very 

serious ecological threat. Utilizing recycled rubber 

tires as a partial substitution of the natural aggregate 

in concrete is a new approach to getting rid of it.  

Water penetration depth, flexural, and compressive 

strength of the CR concrete decreased with respect to 

the control mixture, but abrasion resistance and water 

absorption achieved better results (up to 10% 

replacement) than that of the control mixture [1]. 

Four kinds of concrete mixes were used, normal 

strength concrete mix, rubberized mix, steel fiber 

mix, and hybrid mix with rubber and steel fiber.  

Twelve samples were examined under conditions of 

drop-weight impact. Two hammers fell from two 

distinct heights and resulted in three various energies 

of transverse impact. To determine the deflection at 

mid-span versus time, a camera with high speed was 

used. In comparison to the tested samples, a three-

dimensional finite element model was conducted. 

The findings demonstrated that a hybrid mix of 

rubber and steel fiber-filled steel tubing achieved the 

greatest level of cracking resistance, proceeded with 

steel fiber-filled tubing, while normal concrete-filled 

tubing demonstrated the smallest level of cracking 

resistance. The numerical and experimental findings 
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are in harmony [2]. The results of the transverse 

impact on steel tubular filled with concrete and 

hollow showed that the tensile and compressive 

strength of steel and concrete increased after impact 

loading at elevated rates of strain, however, the effect 

of strain rate disappears when the velocity of initial 

collision is lower than 10 m/s. The impact method is 

divided into three phases: peak, stable, and unloading 

phase. The higher the confining factor the higher the 

energy of fracture and resistance of impact because 

concrete-filled steel tubular members exhibit greater 

ductile behavior [3]. Crumb rubber was utilized as a 

partial substitution of sand by 10%, 20%, and 30% of 

volume. Two cylinders with different dimensions 

were loaded with the indirect tensile strength to 

determine the influence of dimensions. According to 

the results, adding 10% of crumb rubber as a partial 

substitution of fine aggregate reduced the 

compressive strength of concrete slightly. Concrete 

resistance to cracking under impact load was 

improved by the inclusion of small-sized crumb 

rubber. The failure mode of small-sized crumb rubber 

concrete under static and impact loads is like that of 

normal concrete [4]. The influence of sample 

thickness and length of crack on stress intensity 

factors of mode 1 and mode 2 have been determined 

by three-dimensional finite element analysis. A 

circular disc sample with a center crack was utilized. 

The ratio of thickness to the radius of the sample 

ranges from 0.1 to 0.8 were examined numerically. 

The crumb rubber was added as a partial substitution 

of fine aggregate by 10% of the volume. Using 

numerical and experimental methods, the location of 

the crack initiation in the center cracked circular disc 

specimen was located at the longest vertical 

coordinate point on the surface of the notch for 

various notch inclination angles. Stress intensity 

factors of mode 1 value has risen at the middle plane 

of the sample by raising the sample thickness. A 10% 

sand replacement rate by crumb rubber has not 

influenced plane stress fracture toughness [5]. The 

mechanical characteristics of concrete with crumb 

rubber were enhanced using some treatment 

techniques including KMnO4, cement coating, and 

NaOH. In the preparation of specimens with crumb 

rubber, the sand was substituted with crumb rubber 

up to 40% of the overall. The sedimentation 

coefficient of the KMnO4, cement coating, and 

NaOH showed a significant enhancement, it achieved 

99.6%, 99.0%, and 51.8%, respectively, versus the 

value of 37.2% of untreated CR. Using a small 

amount of crumb rubber and treating it with NaOH 

and KMnO4 techniques enhanced the compressive 

and flexural strength of the concrete. However, the 

mechanical characteristics decreased with increasing 

concentrations of CR because of the aggregation of 

CR particles [6]. The impact and toughness of brittle 

concrete have been improved by the application of 

crumb rubber. Because normal concrete is prone to 

failure from fatigue and impact loads, rubber 

aggregate flexibility may hold the key to a solution. 

Even though the mechanical characteristics of crumb 

rubber concrete have slightly decreased, this can be 

solved by properly treating the crumb rubber 

aggregate. Crumb rubber aggregates could be treated 

using techniques including mechanical, chemical, 

thermal, and microwave treatment to improve their 

adhesion to the cement mortar [7]. The rubber 

fineness employed in the mixture has a direct impact 

on the fracture energy and other parameters. 

Numerical models are utilized to investigate the 

material response during the evolution of its damage 

using the material parameters derived from these 

laboratory studies. The embedded discontinuity 

method (EDM)is the numerical model used to 

simulate the development of concrete deterioration. 

The EDM can distribute damage throughout the 

continuum solid without changing the mesh topology. 

Results indicated that the experimental curve in the 

elastic and softening branches can be accurately 

approximated by numerical approaches [8]. Fly ash, 

nano-silica, and crumb rubber had an impact on the 

consistency of the self-compacting concrete and its 

mechanical characteristics. Twenty mixes with 

various amounts and ratios of sand (10–40% 

substitution of cement), crumb rubber (5–15% 

substitution of sand), and nano-silica (0–4% as an 

addition) were created as input parameters using the 

response surface methodology (RSM). The findings 

showed that the increment of fly ash improved the 

workability characteristics, whereas it reduced by 

using CR as a partial replacement of sand and the 

addition of nano-silica. The fly ash and nano-silica 

pore-refining impact and pozzolanic reactivity 

increased the composite strengths. Conversely, an 

increase in CR content has a detrimental impact on 

strength, but it considerably improves ductility and 

deformation capacity [9]. Under a specific constant 

volume rate of substitution, the automatically made 

sand of calcite powder concrete is substituted with 

rubber powder of 20 mesh with the same volume. 

The combination ratio of rubber powder with 20 and 

40 mesh is then changed for investigating the 

performance of concrete. The findings demonstrated 

that the slump value increased when rubber powder 

with 20 mesh was less than a 10% replacement ratio. 

At the replacement ratio higher than 10% of sand, the 

concrete slump dramatically reduces, and its flow 

performance deteriorates. Results showed that by 

increasing the replacement ratio of rubber powder 
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with 20 mesh, the compressive strength of the sample 

was significantly reduced. With increasing rubber 

powder with a mix ratio of 20 and 40 mesh at an 

equivalent rate of replacement, the compressive 

strength initially increases and then reduces [10]. The 

abrasion resistance of normal concrete increased by 

adding rubber particles. Hydraulic engineering, 

particularly in abrasion-resistant concrete building 

components, has a bright future. Rubberized concrete 

abrasion resistance is studied using the underwater 

steel-ball technique. The findings demonstrated that 

rubber particles increase the slump of concrete 

mixtures. While the rubberized concrete compressive 

strength reduces linearly with the increase of crumb 

rubber and its abrasion resistance increases 

noticeably. When using the same rubber particle size 

and content, rubberized concrete compressive 

strength and abrasion resistance are correlated, and 

larger particles of rubber greatly increase abrasion 

resistance [11]. Car and truck crumb rubber are two 

varieties that were used to change samples of asphalt 

cement. A rotatable and uniform central composite 

design, temperature (150–180) °C, time (20–60) 

minutes, car crumb rubber (10–20) by weight, and 

truck crumb rubber (0–4) by weight were utilized to 

identify the ductility response mathematical 

relationships. For the regression analysis and graphic 

results analysis, Minitab-17 was used. The 

temperature of 180 °C, along with the 24 cm ductility 

response were the ideal operating parameters, the 

contact time of 21 min, the car crumb rubber of 18 

wt%, and the truck crumb rubber of 3.5 wt%. The 

results indicated that these optimized parameters, 4 

mm, and 13 kN, significantly improved flow and 

Marshall stability, respectively, even though the 

ductility value decreased when compared to the 

unaltered binder [12]. The influence of heat on CR at 

200 °C before incorporation into concrete was 

studied. The variables in this research were the 

quantity and size of rubber and the duration of 

heating. Samples of as-received and heat-treated 

rubber particles in addition to crumb rubber concrete 

were analyzed utilizing a Scanning Electron 

Microscope. The results indicated positive 

improvements in the performance of concrete. 

Thermally treated rubber with a size #40 mesh and a 

20% rubber content increased the compressive 

strength by 60.3% [13]. Crumb rubber (CR) was used 

as a partial substitution of sand by a volume ratio of 

0%, 5%, 10%, 15%, and 20%. For 24 hours, crumb 

rubber has been treated with regular detergent, 

NaOH, and lime. Additionally, water has been 

purified. All these procedures were performed to 

improve the mechanical characteristics of concrete. A 

lot of characteristics were evaluated such as 

compressive strength, unit weight, and water 

absorption. By increasing the ratio of CR, the 

mechanical characteristics reduced. After CR 

treatment, the characteristics were enhanced. The 

lime treatment was the most effective, then NaOH 

and water treatment. The detergent treatment 

approach was found to be the least effective of the 

four methods. Although the strength increased, it 

caused a loss of strength [14].  

Several previous research have studied the effect 

of crumb rubber on the properties of concrete. It was 

noticed that concrete affects negatively due to the 

rubber and cement mortar low cohesion, it was 

necessary to improve these properties by adding 

pozzolanic additives such as fly ash as a partial 

replacement of cement and using benzene treated 

crumb rubber with different replacement ratios as a 

partial substitution of fine aggregate. 

2. Experimental Program 

2.1. Materials    

The following materials were used in this study: - 

Cement: Type I Portland cement. It has a surface area 

of 2270 cm2 /gm in all the mixes. 

Fine Aggregate: The used sand fineness modulus was 

2.7 and the bulk density was 1790 kg/m3. 

Dolomite: Dolomite of 19 mm maximum nominal 

size was utilized and bulk density 1660kg/m3. 

Water: Used water free from impurities and organic 

matter. 

Crumb rubber: It was used reserved crumb rubber 

particles on sieve No. 16. The density of CR was 900 

kg/m3, maximum tensile strength was 8 MP and 

elongation at failure was 145%. 

Superplasticizers: Sikament 163 M was used, which is 

a liquid additive for high-performance concrete. 

Fly Ash: An economical alternative to Portland 

cement used in long-term bonding, with a fineness of 

353 m2/kg, irregular shape, and non-crystalline. 

 2.2. Concrete Mixes 

Four concrete mixtures were prepared with 

benzene-treated crumb rubber as a partial substitution 

for sand by 5%, 10%, 15%, and 20% of its weight. 

These mixtures were compared to the control mix. 

15% of cement by weight was replaced by fly ash in 

all mixtures to enhance the mechanical characteristics 

of the concrete mixtures. The ratio of water to cement 

was 45%. Superplasticizer was added by 2% of 

cement weight. Crumb rubber particles have been 

treated with benzene for 30 minutes, followed by a 

water wash and drying time. Table 1. illustrates the 
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design of the concrete mixture with the British 

method by weight per cubic meter. These samples 

were mixed for 2 minutes with a mechanical mixer 

and have been cured for 7 and 28 days. The samples 

were tested by subjecting them to indirect tensile, 

compressive, and bending loads for evaluating their 

performance. 

 
Table 1. Mix design (Kg/m3) 

 

3. Testing 

3.1. Fresh Concrete Slump Test 

The consistency of concrete before setting is 

determined by the slump test. It is conducted to 

determine if freshly poured concrete is workable and, 

consequently, how easily concrete flows. The test is 

distinguished by its simplicity and ease of 

implementation [15]. 

 

3.2. Compressive Strength Test 

 

Cubic specimens with 15 cm x 15 cm x 15 cm size 

were subjected to compressive force by compression 

test machine at 7 and 28 days of curing in water. The 

rate of the applied load was 140 kg/cm2/ minute until 

the specimen collapsed. Calculating compressive 

strength of samples by dividing the load at collapse 

by the cross-sectional area [16]. 

3.3. Flexural Strength Test 

A flexure test machine was utilized to determine a 

modulus of rupture for beams after 7 and 28 days of 

curing. Beams with 10*10*50 cm size were tested 

and three specimens were made for each age [17, 18]. 

3.4. Splitting Tensile Strength Test  

The test was conducted on cylinder specimens 

measuring 15 * 30 cm using a compression machine. 

Three specimens were made for each age and placed 

in water for curing. Splitting tensile strength was 

determined After 7 and 28 days. The applied load 

gradually increased until the specimens failed [19]. 

3.5. Water Absorption Test 

Cubic specimens with 10*10*10 cm size were put 

in water for 28 days. For 24 hours, the concrete 

specimens were put in an oven at a temperature of 

110 °C. Each sample was taken out of the oven, and 

its weight was calculated. After that specimens were 

submerged for 48 hours in water at a temperature of 

21°C. Excess water was toweled off the samples 

before they were weighed. The water absorption rate 

was calculated [20]. 

3.6. Density Test 

Hardened concrete density is defined as the mass 

per unit volume. The density of cubic samples with 

15*15*15 cm size was calculated after 28 days of 

curing [21]. 

 

3.7. Modulus of Elasticity 

The modulus of elasticity of a concrete mixture 

measures its final stiffness; it is associated with the 

cohesion between the kinds of aggregates utilized and 

the cement paste; thus, modifying components in the 

mixture demands measuring the modulus of 

elasticity. 

 

4. Results and Discussion 

4.1. Fresh Concrete slump 

The slump value was determined to find out how 

adding CR particles affected the mix workability. 

The slump values of mixes containing CR particles 

were found to be lower than those of the control mix 

as shown in Fig.1. The reason for this decrease in 

slump values is because of crumb rubber particles 

have low specific gravity and hydrophobic behavior 

[22]. 

Fig. 1. Slump values for various mixes 
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4.2. Compressive Strength Test 

The compressive strength of mixtures decreases in 

the case of adding crumb rubber as a partial 

substitution for sand compared to the control mixture 

at 7 and 28 days of curing in water, although treating 

the surface of the rubber with benzene makes it 

rough. Where the objective of CR treatment with 

benzene is to get rid of zinc salts present during tires 

production. These salts weaken the bond between the 

CR surface and the cement paste. The zinc salts can 

be dissolved in benzene but not in water. They are 

eliminated in benzene and increase the roughness of 

the CR surface. This causes more adhesion between 

the CR surface and cement paste [23,24,25]. As well 

as fly ash interacting with hydroxide calcium 

resulting from the interaction of cement with water, 

which results in hydrated calcium silicate, which 

increases the cohesion of concrete, but despite this, 

the compressive strength of the CR mixtures was 

lower than that of the control mixture. The 

compressive strength of CR mixtures was reduced by 

7.14%, 18.36%, 26.5%, and 35.7% than that of the 

control mixture at 28 days of curing. The mixture 

containing 5% CR achieved the highest value of 

compressive strength in comparison to the other 

mixtures including CR particles. It was observed that 

compared to the control mixture, the compressive 

strength diminishes as the ratio of crumb rubber rises 

as shown in Fig. 2. Because the CR particles surface 

has weak interface transition zone nature and CR 

particles distribution is non-uniform [22]. 

 

Fig. 2. The compressive strength values for different 

mixes 

 

4.3. Flexural Strength Test 

Fig. 3 demonstrates that the flexural strength 

decreases in the case of adding crumb rubber as a 

partial substitution for sand compared to the control 

mixture at 7 and 28 days of curing in water, although 

treatment of the rubber surface with benzene and the 

presence of fly ash. The flexural strength for the 

mixtures containing CR decreased by 3%, 10.6%, 

16.7%, and 24.24% than that of the control mixture at 

28 days of curing. The treatment with benzene as 

well as the addition of fly ash improves the properties 

of rubberized concrete, but the poor transition zone of 

the crumb rubber surface causes a reduction in 

flexural strength compared to the control mix [22]. 

The mixture containing 5% CR achieved the highest 

value of flexural strength in comparison to the other 

mixtures including CR particles. 

 

Fig. 3. The flexural strength values for different 

mixes 

4.4. Splitting Tensile Strength Test 

It was observed from the results that the splitting 

tensile strength for mixes with CR particles reduced 

in comparison to the tensile strength of the control 

mixture at 7 and 28 days after being cured as shown 

in Fig. 4. The splitting tensile strength takes the same 

trend of flexural strength. The tensile strength for 

mixtures decreases as the crumb rubber ratio rises. 

The tensile strength decreased by 6.5%, 10.8%, 

18.9%, and 35.13% than the tensile strength of the 

control mix at the age of 28 days. This can be 

explained by the irregular distribution of CR particles 

[22]. Compared to the mixes containing CR, the 

mixture with 5% crumb rubber had the highest value 

of splitting tensile strength. 
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Fig. 4. The splitting tensile strength values for 

different mixes 

4.5. Water Absorption Test 

The influence of CR particles treated with benzene 

and adding fly ash as a partial substitution of cement 

on the water absorption rate of mixes is illustrated in 

Fig. 5. It was found that CR mixes absorbed water 

more quickly than the control mix at 7, 28 days of 

curing in water. The more crumb rubber particles, the 

greater the voids [26]. The mixture with 5% crumb 

rubber as a partial substitution of sand exhibited the 

lowest water absorption rate of all CR mixes. 

 

Fig. 5. The rate of water absorption values for various 

mixes 

4.6. Density Test 

The density for CR mixes reduced relative to the 

control mix at 28 days of curing, as seen in Fig. 6. 

The density of the mixtures reduced when the 

percentage of CR particles was raised as a partial 

substitute for fine aggregates. This is due to the low 

density of CR particles compared to natural 

aggregates [26]. 

Fig. 6. Density values for different mixtures at 28 

days of curing 

4.7. Modulus of Elasticity 

Fig. 7 presents the findings of the elastic modulus. 

The modulus of elasticity of CR mixes was found to 

be lower than that of the control mixture. 

Furthermore, in comparison to the control mixture, 

the elastic modulus reduced as the CR particle ratio 

rose. It decreased by 8.6%, 22.8%, 31.4%, and 42.8% 

compared to the elastic modulus of the control 

mixture. This is due to poor adhesion between CR 

particle's surface and cement mortar [22,27]. 

Therefore, the brittle characteristics of concrete are 

enhanced and made more ductile. So rubberized 

concrete is suitable for non-structural applications. 

  

 Fig. 7. Elastic modulus for various mixes 
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5. Conclusions 

Based on the assessment and discussion of the 

experimental tests, we can deduce that: 

 

1. The compressive strength of samples with 

crumb rubber decreases when the content of 

crumb rubber increases. Where addition fly 

ash is intended to reduce the rate of 

compressive strength decline.  

2. The splitting tensile and flexural strength of 

crumb rubber mixtures had the same 

direction as the compressive strength. The 

mixture containing 5% CR achieved the 

highest flexural, compressive, indirect 

tensile strength, and the lowest water 

absorption rate compared with the other 

mixtures including CR particles. 

3. The slump values of CR mixtures reduced as 

the ratio of CR increases compared with the 

reference mix. 

4. As the ratio of crumb rubber increased, the 

rate of water absorption of the rubberized 

mixes increased, the density reduced, and 

the modulus of elasticity decreased 

compared to the control mix. 
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