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Abstract: This study aimed to investigate abrasion resistance, 

flexural toughness and impact resistance of concrete mixes with 

incorporated particles of crumb rubber (CR) as a partial 

substituent by volume to concrete natural aggregates. Seven 

concrete mixes were prepared with water to cement ratio 0.4 and 

cement content 450 kg/m3. One mix, with no rubber content, was 

considered as a reference mix to compare the designated 

mechanical properties of plain rubberized mixes, while the 

remaining six mixes contained crumb rubber as a partial replacer 

at levels of 10%, 20% and 30% by volume of each sand and 

crushed stone aggregates. Abrasion resistance was evaluated 

according to British standard BS 1338 and impact resistance was 

measured according to ACI 544.2R. It has been discovered that 

increasing CR replacement level led to a significant improvement 

in abrasion resistance, flexural toughness, and impact resistance 

(number of blows that cause failure cracking). Abrasion lengths 

decreased by 3.0 - 20.6%, while flexural toughness and impact 

resistance increased by 8.2 - 39.4% and 18.7 - 365.4% respectively 

with increasing crumb rubber replacement level. 

 

Keywords: Crumb rubber; rubberized concrete; abrasion 

resistance; impact resistance;  flexural toughness.  

I. INTRODUCTION  

The disposal of waste tires is a significant environmental 

problem around the world. Billions of waste tires are 

annually manufactured around the world
(28; 30)

. Millions of 

scrap rubber of these tires are annually thrown away, 

discarded or buried into soil, causing dangerous issue to the 

surrounding ecological system. It had been estimated that, 

by the end of every year, about 500 millions of tires would 

be regularly discarded to garbage or landfills without any 

kind of treatment. Moreover, this number is predicted to 

reach 1200 million annually by the end of year 2030. 

Considering stockpiled tires, 5000 million of scraped tires 

are regularly discarded
(5; 11; 29)

. Tires are eliminated by many 

ways, such as, land filling, or, burning to be used as fuel or 

to produce black carbon. Stockpiled tires have significant 

impact on health and environment through water, air and 

soils pollution. These tires keep the water for long period 

due to its impermeable nature that provides breeding for 

pests and mosquitoes
(12; 6; 20)

. Burning of scraped tires is the 

cheapest and easiest way for disposal, which causes fire 
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hazards. Atmosphere temperature in this area increases and 

the produced smoke is saturated with very harmful 

constituents that harm humans, plants and animals. Bitumen 

and Styrene are produced from petrochemical industry and 

are the main component in manufacturing tires. Burning of 

tires emits several amounts of benzene and styrene. 

Butadiene is four-carbon element which is released during 

combustion of polymer butadiene and styrene. Pollutants 

produced from burning black smoke, impairs visibility. 

Toxic gases emissions are including hydro carbons, CO, 

NO2 and SO2.  

After burning, left powder pollutes soils
(6; 20; 31)

. Using 

waste tires as fuels in not economically attractive. Produced 

black carbon from combustion process is expensive and has 

less quality if compared to black carbon produced from 

manufactured petroleum products. Waste rubber of scraped 

tires could be utilized in many applications. Such 

applications as road construction, soil sealage in agriculture, 

onshore breakwaters, estuaries to absorb ships impact, 

retaining walls at harbors, fishing facilitation at artificial 

reefs, fuel for cement furnace and incineration to produce 

electricity
(27; 24; 7; 20)

. Other example of utilizing rubber in 

construction is the production of geopolymer interlocking 

bricks that enhanced by crumb rubber
(20)

. But still, many 

millions of scraped tires are thrown away, burnt and buried 

around the world. 

In the last years, construction industry was working on 

sustainability in production by finding more environment 

friendly materials or by using waste materials in concrete. 

Incorporating waste tires rubber into concrete as a partial 

replacement to its natural aggregates is a better solution to 

deal with scraped tires. This solution is friendly to 

environment, since it diminishes emission of carbon dioxide 

by preventing combustion of tires
(26; 18; 5; 23)

. Other 

researchers got deeper into this by creating FE model to 

simulate the effect of using waste materials as aggregates in 

concrete and they updated the model by experimental 

results
(19)

. 

Gesoğlu et al.
(15)

 investigated the effect of replacing part of 

the coarse aggregate in pervious concrete by waste rubbers. 

They used tire rubber with 10 and 20% of coarse aggregate 

volume with reducing coarse aggregate with the same 

percent. They indicated that rubberized concrete abrasion 

resistance is improved with incorporating rubber particles 

into concrete up to 20% as replacement to natural 

aggregates. They also mentioned that crumb rubber fine 

particles showed improved abrasion resistance compared to 

crumb rubber coarse particles. 
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Previous findings were confirmed by Ismail and Hassan
(17)

. 

They performed bending test on large-scaled beams whose 

concrete is enhanced with different percentages of rubber. It 

was reported that flexural toughness and deformability of all 

tested beams with incorporated particles of crumb rubber 

were increased at the same comparable value, which 

indicated more energy absorption. However, more increase 

in rubber content led to reduction in flexural toughness when 

compared to control mix. Flexural toughness reduced by 9% 

and 21.8% for 15% and 25% rubber content, respectively. 

Gerges et al.
(13) 

used rubber powder as partial replacement of 

the fine aggregate in concrete. According to impact load test 

using the impact drop load, the optimal replacement 

percentage is 5% of fine aggregate because it gave the 

maximum number of drops. 

Gupta et al.
(16)

 prepared cylindrical concrete specimens (150 

mm diameter x 65 mm height) with incorporated rubber 

fibers and tested these specimens in impact in the same 

manner presented herein in this research. It was observed 

that increasing replacement percent of rubber fibers led to 

increasing impact resistance and increasing difference in 

numbers of blows causing initial and ultimate crack. 

In this study, crumb rubber was utilized into concrete as a 

partial substituent by volume for each fine and coarse 

concrete natural aggregates at replacement levels 10%, 20% 

and 30 %. Control concrete mix was prepared six other 

mixes containing crumb rubber at previously mentioned 

replacement levels. All concrete mixes were prepared with 

w/c 0.4 and cement content 450 kg/m
3
, in addition to high 

range water reducer at 1% by weight of cement to improve 

viscosity of concrete mixture. Mechanical properties of 

concrete such as abrasion resistance, flexural toughness and 

impact resistance have been studied. 

II. RESEARCH SIGNIFICANCE 

Many applications require improved specific mechanical 

properties of concrete. Such applications involve concrete 

subjected to exposures, such as sliding, skidding, rubbing of 

objects on concrete surface or even foot and tire pressure 

directly to surface. The rough surface is, the more resistance is 

achieved to such exposures, meaning lower abrasion. While, 

for structural elements subjected to cyclic loading such as 

wind loads, seismic loads and any vibration load, these 

elements would preferably have improved flexural toughness. 

On the other hand, elements subjected to sudden impact loads 

such as vehicular collision barriers, structural blast elements 

and industrial floors shall behave higher impact resistance. 

Incorporating particles of crumb rubber into concrete 

mixtures as a partial replacement to concrete natural 

aggregates, improves the fore mentioned desired mechanical 

properties in addition to clean disposal of waste tire materials 

which is considered a green and friendly solution to 

surrounding environment. 

III. EXPERIMENTAL PROGRAM 

3.1. Materials 

Type CEM I, 42.5 N Egyptian Portland cement according to 

BS EN 197-1/2011 was used as the cementitious material. 

Natural sand and 19 mm crushed dolomite stone aggregate 

were used as natural fine and coarse aggregates, respectively. 

Both aggregates with a specific gravity of 2.52 and absorption 

of 1.1%. A crumb rubber aggregate with a specific gravity of 

1.03 and negligible absorption was used as a partial 

substituent of both fine and coarse aggregates in PRC 

mixtures. The aggregates’ gradations of the 19 mm crushed 

dolomite stone, natural sand, and CR are presented in Figure 

1. Chemical addicrete BVF high-range water-reducer 

admixture (HRWRA), having similar specifications to (14), 

was used to by 1% of cement weight in all concrete mixtures. 

 
Figure 1. Grading Curves for Fine and Coarse 

Aggregate and Crumb Rubber. 

 

3.2. Concrete Mixtures 

In this study, concrete mixtures were selected based on a 

preliminary trial mixing stage. In this early stage, minimum 

water to cement ratio (w/c), maximum cement content and 

ratio of coarse aggregate to fine aggregate were obtained 

based on achieving acceptable visual flowability, no 

aggregates’ segregation and minimum amount of chemical 

HRWRA. The results obtained were a water to cement ratio 

(w/c) of 0.4, cement content of 450 kg/m
3
 and coarse to fine 

aggregate ratio of 0.67. The concrete mixtures utilized in the 

study were seven mixtures. One mixture was the control one, 

with no rubber replacement for the natural aggregates. The 

control mixture is designated to compare its obtained 

mechanical properties to other mixtures. Three mixtures were 

prepared with fine crumb rubber as a partial substituent to fine 

aggregate at replacement levels 10%, 20% and 30% by 

volume. While, additional three mixtures were also prepared 

with incorporated coarse crumb rubber as a partial replacer to 

coarse aggregates by volume at the same replacement levels 

10%, 20% and 30%. 

3.3. Fresh and Hardened Concrete Properties’ tests 

Slump test was conducted on fresh concrete to measure its 

consistency and workability. The test was conducted 

according to ASTM C143/C143M-12. Concrete specimens 

before testing, were de-molded and exposed to curing in water 

according to ASTM C192/C192M-07. Compression test was 

conducted according to British standards BS EN 12390-3 

using 150mm cubes. Abrasion resistance was conducted 

according to British standards BS 1338: 2003 using 

specimens 150mm × 150mm × 80mm thickness.  
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While, flexural toughness was conducted on concrete 

prisms 100mm × 100mm × 700mm with LVDT at middle of 

the beam to measure the vertical deflection. Impact resistance 

was conducted according to ACI 544.2R using specimens 

150mm ×150mm × 65mm thickness. Results obtained for 

fresh properties of all tested concrete mixtures are presented 

in Table 1. 

 

Table 1. Slump results of all concrete mixtures 

 
 

3.4. Compressive Test Setup 

Three concrete specimens for compressive strength test were 

prepared for 7 and 28 days compression test. Test was 

performed according to BS EN 12390-3 standard. Three 

cubes 150mm × 150mm × 150mm were cast for each mix 

designated of the two testing dates. Tinius-Olsen UTM was 

used for testing all specimens. All cubes were de-molded after 

24 hours and cured in water according to ASTM 

C192/C192M-02 standard till testing date. 

3.5. Abrasion Test Setup 

Three concrete specimens for each mixture were prepared and 

fixed to the abrasion device, which is manufactured and 

calibrated according to BS 1338: 2003 (Fig. 2). The abrasive 

material, fused alumina, with grit size of F80 filled the upper 

storage hopper. The electric motor was connected to worm 

gear box to reduce its speed to 75 revolution per minute. The 

counter weight was calibrated and connected to the trolley in 

ready to apply normal forces to testing specimens. Abrasion 

length of specimens is measured by Vernier caliper to nearest 

0.01 mm. 

 
Figure 2. 3d Built-up TEKLA Model for The Abrasion 

Device in Preparation to Construction Phase. 

3.6. 3.6.Flexural Toughness Test Setup 

Three-point loading flexural test was conducted on 

concrete prisms by using electrical hydraulic UTM 

SHIMADZU testing machine. Three concrete prisms, for 

each mixture, were tested in bending at 28 days. Before 

testing, loading surface was leveled with a high strength 

gypsum in order to eliminate eccentricity due to loading. 

Specimens were loaded by constant loading rate of 4 KN/min. 

Prisms were simply supported with loading span 600 mm 

length and free edge distance of 50 mm. A linear variable 

displacement transducer (LVDT) was set below the middle of 

prism, point of loading, and connected to computer system to 

measure the actual deflection due to acting load. Load 

deflection curve is plotted and divided into n segments. 

Flexural toughness is calculated by summation of all absorbed 

energies for the segments under P-Δ curve, as the following 

formula is showing: 

 
Where: 

Eft: Concrete flexural toughness, kN.mm 

Efti: Concrete flexural toughness at each load increment, 

kN.mm 

Pi, Pi-1: Successive applied loads on concrete beam specimen, 

kN 

i, i-1: Successive corresponding vertical beam deflections 

due to Pi and Pi-1 

3.7. Impact Test Setup 

Concrete specimens were cast with overall dimensions of 

150mm squared cross section and 65mm height. Three 

concrete specimens, for each mixture, were tested for impact 

at 28th days. All specimens were subjected to a drop down 

weight of 43.63 N of a spherical steel ball with 63.5 mm in 

diameter from a height of 457 mm. Number of hammer blows 

which caused first obvious crack (N1) and specimen failure 

(N2) were recorded and corresponding absorbed energy was 

determined. Cracking pattern was observed for all concrete 

specimens representing all mixtures. Impact energy at any 

number of blows is calculated by the following formula: 

 
Where: 

Uim: Impact energy absorbed by concrete specimen at nim 

blows, kN.mm 

nim: Number of blows of impacted specimens 

Wim: Weight of dropped hammer at impact, kN 

HIM: DROP DOWN HEIGHT AT IMPACT, MM 

IV. EXPERIMENTAL RESULTS AND DISCUSSION 

4.1. Compressive strength results discussion 

The results obtained from compression test for all concrete 

mixes are presented in Table 2. The results show that 

compressive strength of the control mix, with no contained 

crumb rubber, was 44.13 MPa at the age of 28 days of 

concrete. Figure 3 shows the fracture pattern of control mix 

cube after the test. For rubberized concrete mixes with fine 

crumb rubber as a partial replacer to fine aggregates, it was 

found that compressive strengths, decreased to 37.75 MPa, 

35.17 MPa and 31.53 MPa at replacement levels 10%, 20% 

and 30% respectively. Those values decreased by 14.4%, 

20.2% and 28.6% at the same previous replacement levels 

respectively, when compared to control mix. 
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 While, for other rubberized concrete mixes with coarse 

crumb rubber incorporated as a partial replacer to natural 

coarse aggregates, the results obtained from the test showed 

that compressive strengths diminished to 28.43 MPa, 18.48 

MPa and 14.51 MPa at rubber replacement levels 10%, 20% 

and 30% respectively. The results dropped by 35.6%, 58.1% 

and 67.1% relative to the control mix at the previous 

replacement levels respectively. 

 

Table 2. Average compressive strength calculated for all 

concrete mixtures 

 

 
Figure 3. Control Specimen after Compression test. 

4.2 Abrasion resistance results discussion 

The results obtained from abrasion test for all concrete mixes 

are presented in Table 3. The results show that abrasion length 

of the control mix (Fig. 4), with no contained crumb rubber, 

was 34.56 mm at the age of 28 days of concrete. For 

rubberized concrete mixes with fine crumb rubber as a partial 

replacer to fine aggregates, it was found that abrasion lengths, 

as shown in Fig. 5, decreased to 32.53 mm, 29.48 mm and 

27.44 mm at replacement levels 10%, 20% and 30% 

respectively. Those values decreased by 14.4%, 20.2% and 

28.6% at the same previous replacement levels respectively, 

when compared to control mix. 

Table 3. Abrasion lengths obtained for all concrete 

mixtures 

 
Figure 4. Control Specimen after abrasion test. 

 

Figure 5. Abrasion test (a) F-10, (b) F-20, (c) F-30. 

While, for other rubberized concrete mixes with coarse crumb 

rubber incorporated as a partial replacer to natural coarse 

aggregates, the results obtained from the test showed that 

abrasion lengths (Fig. 6) diminished to 33.54 mm, 31.51 mm 

and 28.46 mm at rubber replacement levels 10%, 20% and 

30% respectively. The results dropped by 3.0%, 8.8% and 

17% relative to the control mix at the previous replacement 

levels respectively. Figure 7 shows the abrasion lengths 

measured after test for all concrete mixtures versus fine and 

coarse crumb rubber percentage. 

 

 

 

 

 

 

 

 

Figure 6. Abrasion test (a) C-10, (b) C-20, (c) C-30. 

 

Figure 7. Abrasion lengths versus percent replacement by 

fine and coarse crumb rubber. 

At the same replacement levels of crumb rubber to natural 

aggregates, it was found that reduction in abrasion length of 

mixes with fine crumb rubber is larger than that reduction in 

abrasion length of mixes with coarse crumb rubber. Abrasion 

length slightly decreased at 10 percent replacement by crumb 

rubber when compared to the higher replacement levels at 

20% and 30%. 

4.3. Flexural Toughness Results Discussion 

A three point-loading test was performed and the results of 

load-deflection for rubberized mixtures with fine and coarse 

crumb rubber are presented in Table 4 and Table 5, 

respectively. Results of flexural toughness, determined by 

Equation 1, for all concrete mixtures are tabulated in Table 6. 

The results show that flexural toughness of concrete control 

mix, containing no rubber, was 11.71 kN.mm at the age of 28 

days. From the analysis, it has been found that at 10% 

replacement level of fine or coarse aggregate, the flexural 

toughness is 13.77 kN.mm 

and 16.31 kN.mm for fine and 

coarse rubberized mixes 
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respectively. This indicates an increase in flexural toughness 

by 17.6% and 39.36% for F-10 and C-10 respectively when 

compared to control mix. At higher percent rubber 

replacement (>10%), concrete flexural toughness does not 

follow a constant pattern.             

        

Table 4. Average load and deflection results of mixtures 

with fine crumb rubber. 

 
 

Table 5. Average load and deflection results of mixtures 

with coarse crumb rubber. 

 
Table 6. Flexural toughness results for all concrete mixtures 

 
For rubberized concrete mixes with 20% replacement by fine 

crumb rubber, concrete flexural toughness continued 

increasing to reach 14.57 kN.mm with 24.5% higher than 

control mix. Then, at 30% replacement, concrete flexural 

toughness began to decrease till reaching a value of 9.20 

kN.mm which is dropped by 21.4% relative to concrete 

control mix. Moreover, for rubberized concrete mixes with 

coarse aggregate replacement, at 20% replacement level, 

flexural toughness diminished to 12.67 kN.mm with 8.2% 

higher than the control mix. While, at 30% replacement level, 

flexural toughness decreased to 10.72 kN.mm which dropped 

by 8.4% when compared to control mix. Figure 8 presents 

flexural toughness of tested concrete prisms against percent of 

incorporated crumb rubber. 

 

 
Figure 8. Flexural toughness versus percent replacement 

by fine and coarse crumb rubber. 

 

4.4. Impact Resistance Results Discussion 

The results obtained from impact resistance test at 28 days age 

of concrete specimens are the number of blows that cause first 

and failure cracking. Results are presented in Table 7. While, 

results of absorbed energy by impact, determined by Equation 

2, are shown in Table 8. It’s found that impact resistance of 

control concrete mix, with no rubber replacement, is 399.0 

kN.mm for first cracking stage at which first crack is visible. 

While, the impact resistance is 478.8 kN.mm for failure 

cracking stage at which concrete specimen is broken. Crack 

pattern of control mix at failure stage is shown in figure 9. 

 

Table 7. Initial and failure cracking blows obtained from 

impact test for all mixtures. 

 
 

Table 8. Initial and failure energy absorbed after impact 

test. 

 

 
Figure 9. Control Specimen after impact test. 

 

For rubberized concrete mixes, at 10%, 20% and 30% 

replacement levels of fine aggregates by fine crumb rubber, 

concrete impact resistance for first cracking is improved and 

reached 438.9 kN.mm, 558.6 kN.mm and 857.9 kN.mm, 

respectively, with an increase of 10.0%, 40.0% and 115.1%, 

respectively, when compared to concrete control mix. While, 

for other rubberized concrete mixes with incorporated coarse 

crumb rubber, the first cracking impact resistance increased to 

518.7 kN.mm, 1236.9 kN.mm and 1496.3 kN.mm, 

respectively. These values represent an increase by 30.0%, 

210.0% and 275.1%, respectively, relative to control mix. 

At failure cracking stage, 

considerable increase is noticed 
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in the absorbed energy by rubberized concrete specimens. At 

the replacement levels by volume 10%, 20% and 30% of fine 

aggregates by fine crumb rubber, ultimate impact resistance 

increased to 598.5 kN.mm, 818.0 kN.mm and 1197.0 kN.mm 

which corresponds to an increase by 25.0%, 70.8% and 

150.0%, respectively, relative to control mix. Figure 10 

shows cracking patterns of broken rubberized concrete 

specimens of mixtures containing fine crumb rubber, after 

impact test. 

 
Figure 10. Impact test (a) F-10, (b) F-20, (c) F-30. 

 

Other rubberized mixes containing coarse crumb rubber 

showed increased ultimate impact resistance of 818.0 kN.mm, 

1795.5 kN.mm and 2214.5 kN.mm, respectively at the same 

previous replacement percentages. Based on these results, 

ultimate cracking resistance of coarse crumb rubberized 

concrete mixes increased by 70.8%, 275.0% and 362.5%, 

respectively, for 10%, 20% and 30% replacement levels. 

Cracking patterns of these mixtures are shown in figure 11. 

Once again, difference between blows that cause initial 

cracking and final cracking is increased with the increase of 

crumb rubber replacement level for both fine and coarse 

crumb rubberized concrete mixes. The difference is 8, 13 and 

17 blows for mixes with fine aggregate partially substituted by 

fine crumb rubber at previous replacement levels, while, it is 

15, 28 and 36 blows for mixes with coarse aggregates 

partially substituted by coarse crumb rubber at the same 

replacement levels. 

 
Figure 11. Impact test (a) C-10, (b) C-20, (c) 

C-30. 

 

In figure 12, first and ultimate cracking energies of concrete 

mixtures are shown versus crumb rubber replacement 

percentage. 

 

 
Figure 12. Initial and failure cracking impact energy 

versus percent replacement by fine and coarse crumb 

rubber. 

V. CONCLUSION 

In this research, abrasion resistance, flexural toughness and 

impact resistance of prepared concrete specimens were 

studied. Rubberized concrete mixtures were prepared with 

Crumb Rubber as a partial substituent to natural aggregates at 

levels 10%-30%. The following conclusions are deduced 

from the previously obtained results presented in this paper: 

● Compressive strength decreased as the rubber content 

increased. Concrete mixes with coarse aggregate replaced 

partially by coarse rubber show less compressive strength 

while comparing to mixes with fine rubber at the same 

replacement percent. 

● Abrasion resistance increases as the rubber content 

increases. Concrete mixes containing fine crumb rubber 

gave higher abrasion resistance than mixes with coarse 

crumb rubber at the same replacement percent of aggregate 

by crumb rubber. Such improvement in abrasion resistance 

could be utilized in concrete highways, industrial floors, 

pavements, hydraulic structures and other surfaces 

subjected to abrasive forces due to moving objects on 

concrete surface during service life. 

● Flexural toughness increases with the increase of rubber 

content up to 10% replacement by either fine or coarse 

rubber. For mixes with fine crumb rubber, flexural 

toughness increases and then decreases up to 30% 

replacement, while for mixes with coarse crumb rubber, 

flexural toughness decreases up to 30% replacement. 

● Initial and failure cracking impact resistance of concrete 

improves as content of incorporated crumb rubber increases. 

Concrete mixes containing coarse crumb rubber showed 

higher impact resistance and plastic energy when compared 

to mixes with fine crumb rubber at the same replacement 

percent of aggregates by crumb rubber. This improvement is 

due to the high ability of rubber materials in absorbing more 

energy developed by dropped weight. 
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