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 ٍِخص اٌثؽس :

اٌّؽر٠ٛاح ػٍاٝ فرااخ ِلااع اٌّؽر٠ٛاح ػٍاٝ فرااخ ِلااع ٠ٙذ  ٘زا اٌثؽس اٌٝ دساعح ذاش١ش اِالاغ اٌىثش٠رااخ ػٍاٝ اٌخاٛام ا١ٌّىا١ٔى١اح ٌٍخشعاأح ٠ٙذ  ٘زا اٌثؽس اٌٝ دساعح ذاش١ش اِالاغ اٌىثش٠رااخ ػٍاٝ اٌخاٛام ا١ٌّىا١ٔى١اح ٌٍخشعاأح 

%عِٓ فرااخ ِلااع ااعااساخ وٕغاثح ِآ %عِٓ فرااخ ِلااع ااعااساخ وٕغاثح ِآ 0202  -%%0202-% % 22الإعاساخ ؼ١س ذُ صة شلاشح لٍلاخ ذؽرٛٞ ػٍٝ ٔغة ر الإعاساخ ؼ١س ذُ صة شلاشح لٍلاخ ذؽرٛٞ ػٍٝ ٔغة ر 

  –  082082  –  0202% ٌّاذج % ٌّاذج 0202ؼعُ اٌشواَ إٌاػُ. ذُ غّش ِعّٛػح ِٓ اٌّىؼثاخ فٝ اِلاغ وثش٠رااخ اٌّاػٕغا١َٛ ترشو١اض ؼعُ اٌشواَ إٌاػُ. ذُ غّش ِعّٛػح ِٓ اٌّىؼثاخ فٝ اِلاغ وثش٠رااخ اٌّاػٕغا١َٛ ترشو١اض 

خ ِلااع الإعاااسخ ادٜ اٌااٝ أخفاااص اٌخااٛام ا١ٌّىا١ٔى١ااح ٌٍخشعااأح  خ ِلااع الإعاااسخ ادٜ اٌااٝ أخفاااص اٌخااٛام ا١ٌّىا١ٔى١ااح ٌٍخشعااأح  ٠اَٛ. ذثاا١ٓ ِاآ إٌرااائط اْ ص٠ااادج ٔغااثح فرااا٠اَٛ. ذثاا١ٓ ِاآ إٌرااائط اْ ص٠ااادج ٔغااثح فرااا  563563

ٔغااثح ٔغااثح   ِااغ اصد٠ااادِااغ اصد٠ااادا ٙااشخ إٌرااائط أخفاااص ِماِٚااح اٌخشعااأح اٌّطّااٛسج فااٝ اِاالاغ اٌىثش٠راااخ ا ٙااشخ إٌرااائط أخفاااص ِماِٚااح اٌخشعااأح اٌّطّااٛسج فااٝ اِاالاغ اٌىثش٠راااخ   وّاوّاٚص٠ااادج إٌفار٠ااح.ٚص٠ااادج إٌفار٠ااح.

 .اأخفاص ِغ ص٠ادج ِذج اٌرؼشص ٌلأِلاغاأخفاص ِغ ص٠ادج ِذج اٌرؼشص ٌلأِلاغ

Abstract :  

The purpose of this paper is to investigate the behavior of Crumb Rubber Concrete (CRC) 

exposed to a sulfate environment. The mixtures have been produced by replacing the fine 

aggregate with crumb rubber at designated replacement levels of zero, 10%, and 20% by 

total fine aggregate volume. These concretes were immersed in 10% MgSo4 solutions for 

90, 180, and 365 days. Several tests were carried out to study the effect of crumb rubber on 

concrete properties such as slump test, compression test, split tensile test, flexural test, and 

permeability test. The evaluation of sulfate resistance was done by the determination of 

compressive strength. The experimental results indicated that increasing the rubber content 

led to a decrease in mechanical properties of concrete and an increase in water 

permeability. The compressive strength for specimens submerged in sulfate solution 

decreased with increased rubber content, and also decreases by increase the curing 

age. 

Keywords :Crumb rubber, mechanical properties, permeability, sulfate attack 

INTRODUCTION 

    Due to the growth of vehicle number increases, produced waste tires will be increased 

and the disposal of waste tires has been a major issue [1]. Globally, around 1.5 billion tires 

of tire waste are produced every year. [2]. Using recycled rubber waste shredded tires in 

concrete is a viable alternative studied by many researchers into three categories according 

to the particle size: chips, crumb rubber, powder rubber, and fibers [3,4, and 5]. Moustafa 

and ElGawady [6] studied the effect of used waste tires rubber by 0%, 5%, 10%, 15%, 
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20%, and 30% volume replacement of sand in high strength concrete, results reported that 

the slump decreasing by 33%–83% as a result of increasing the crumb rubber content from 

5% to 30% by sand volume compared to high strength concrete without a rubber. Several 

researches [4-7] studied the properties of fresh and hardened properties of crumb rubber 

concrete (CRC), results showed that by increasing the amount of rubber percentage, 

mechanical properties of the concrete will be decreased. This may be due to the weak 

adhesion between the cement paste and the rubber particles which leads to the formation of 

a weak interstitial transition zone (ITZ) between them. Mohammed and Adamu [8] 

reported that increasing the substitution of 20% and 30% fine aggregates with crumb 

rubber led to a decrease in compressive strength by 16.3% and 23.2%, respectively. 

Fernández-Ruiz et al. [9] reported that  

the increasing amount of rubber powder by 2.5% and 5% CR replace as partial cement 

decreases compressive strength by 28% and 38.2%; respectively and decreases flexural 

strength by 23.3%–20%; respectively. Mishra and Panda [10] carried out experimental 

work to evaluate the mechanical properties of conventional and self-compacting concrete 

with the inclusion of 0 to 20 % rubber chips instead of coarse aggregate, the result 

indicated that the mechanical properties of self-compacting rubber concrete more than 

(CRC) at all ages, and the best results are recorded at a ratio 5% rubber chips both CRC 

and SCRC. Many scholars [11-13] focused on the mechanical performances of crumb 

rubber concrete, the use of crumb tires particles as coarse aggregates will significantly 

reduce the mechanical properties of concrete, but its usage in the granular and powdered 

form will minimize the loss in mechanical properties. Although there was a general 

reduction in compressive strength over conventional concrete, the strength is adequate for 

medium load-bearing structural elements.  

Jokar, F [14] carried out experimental work to improve the mechanical properties of 

(CRC) by adding natural zeolite as partial replacement of cement, used crumb rubber 

ratios 5, 10, and 15% replaced the coarse aggregates by weight. The results revealed that at 

mixes containing 5% rubber, 15% zeolite, and 5% rubber, 10% zeolite respectively. 

Increase compressive strength and flexural strength. da Silva et al. [15] found that adding 

rubber in concrete by 10–50% replacement of natural sand for tire rubber led to improve 

abrasion resistance and decrease the density of concrete due to lower density of rubber 

aggregate than natural aggregate. Thomas and Gupta [17] mentioned that when the content 

of waste tire increases from 2.5% to 20%, water penetration depth increases by 0% to 

22.5% to normal concrete. Several studies [16-20] have been investigated experimentally 

mechanical and durability properties of crumb rubber concrete, they reported that the 

increasing CR particle replacement percentage led to increasing water absorption of 

concrete. Jinhua et al. [20] reported that used crumbed tire rubber powder by 5% 

replacement by sand can improve resistance to sulfate attack of concrete, but too much 

rubber content results in decreasing its performance. Noor et al. [21] also observed that 

Low w/c ratio in the mix increases the resistance of chloride ion erosion of rubberized 

concrete. Thomas and Gupta [22] had mentioned that there was more loss in 

compressive strength of sulfate attacked specimens as the amount of crumb rubber was 

increased. At the water-cement ratio 0.4, the compressive strength loss at 91 days for the 
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control mix was 6.5% for the mix with 20% rubber. The loss in strength was very severe 

for the water-cement ratio of 0.5. The mix containing 20% crumb rubber had recorded a 

loss of 10.58% at 91 days. It was observed that better resistance to water absorption and 

carbonation was observed for mixes containing crumb rubber up to 12.5%. Mukaddas et 

al. [23] carried out experimental studies of rubberized fiber mortar (RFM) to study the 

water permeability and chloride and sulfate resistance of mixes with 10% to 30% treated 

Crumb Rubber. It is concluded that the sulfate resistance of RFM (rubberized fiber mortar) 

with less than 30% TCR (Treated Crumb Rubber) is acceptable. Xue and Shinozuka [24] 

performed an experimental investigation to study damping and dynamic behaviors of 

rubberized concrete used a small-scale column with a 15% rubber replacement ratio. The 

result was conducted that the damping ratio increased by 62%, and the seismic response 

acceleration of the structure decreased by 27% in crumb rubber concrete. The study 

demonstrated the possibility of using rubberized concrete to enhance dynamic performance 

and reduce the seismic response of concrete structures. 

2.  MATERIALS AND METHODS 

2.1. Material   

      In this study, the concrete mixes were produced using Ordinary Portland Cement 

(CEM I 42.5 ) with specific gravity 3.15, initial and final setting time was 95 and 205 min, 

respectively, natural sand and crumb rubber as fine aggregate, and crushed basalt as coarse 

aggregate. Properties of used aggregates are shown in Table 1. Natural water with PH ≥ 7 

was used for making concrete specimens with w\c = 0.45. Figure 1 shows the used crumb 

rubber and Figure 2 shows the sieve analysis of used aggregates according to (ECP203) 

[25].  

Table 1: Properties of Coarse Aggregate (Basalt), Sand, and Crumb Rubber  

 

Type of test 
Coarse 

Aggregate 

Fine 

Aggregate 
Crumb Rubber 

Absorption 2.0% 1.8% 2.0% 

Specific Gravity 2.72 2.50 1.20 

Unit Weight (t\m3) 1.70 1.72 0.57 
 

 

2.2. Concrete Mix Proportions, Samples, and Experimental Program  

 

      The replacement of fine aggregates by crumb rubber is used to prepare concrete mix at 

different percentages of 0%, 10%, and 20% as shown in Table 2. A constant w/c ratio of 

0.45 is considered. The substitution of fine aggregates with crumb rubber was made on a 

volume basis. Mixes were prepared and cast at lab temperature.  
 

      To investigate the fresh properties of the concrete slump and compaction factor tests 

were conducted according to (ECP203) [25]. The compressive strength test was conducted 

using a hydraulic compression testing machine on three 150 mm cube samples of each 

concrete mix after 28-day of curing as presented in Figure 3. The loading rate for the 

machine applied in compression was 0.6 N/mm2/sec. Figure 4 presents splitting tensile 3 

cylinders (100*200 mm) casted and tested to calculate splitting tensile strength, loading 
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rate for the machine was 0.03 N/mm2/sec. For each mix 3 prisms with dimensions of 100 

× 100 × 500 mm were cast and tested to determine flexural strength with a loading rate of 

0.06 N/mm2/sec illustrated in Figure 5. Figure 6 shows the permeability test of mixes, 

three concrete cubes of size 150 mm were cast, and after completion of 28-day curing. The 

water pressure of 0.5 N/ mm2 was applied for a duration of 72 h on the specimens. The 

depth of water penetration was measured after completion of 72 h. Three standard 

cylinders of height 300mm and diameter 150 mm casted to depicted stress-strain curves for 

crumb rubber concrete mixtures tested under central axial compression loading up to 

failure on the loading frame machine shown in Figure 7. For sulfate attack, six groups of 

cubes of size 150 mm were cast and tested compressive strength at 90, 180, and 365 days. 

Three groups with 27 cube specimens were casted for sulfate attack immersion in 10% 

MgSo4 solution and three groups in the lab environment. The compressive strength was 

determined and compared with the compressive strength of samples in the lab environment 

after 90,180, and 365 days. 

Table 2: Concrete Mixes 

Mix 
Rubber 

replacement 

Weight per Cubic Meter (kg / m
3
) 

Water Cement Coarse Aggregate Fine Aggregate 

M0 0 180 400 1175 653 

M10 10 180 400 1175 587.7 

M20 20 180 400 1175 522.4 

 

 

 

Figure 1: Crumb rubber 
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Figure 2: Sieve analysis of aggregates 

 

  

Figure 3: Compression Test Figure 4: Splitting Test  

  

Figure 5: Flexural Test Figure 6: Permeability Test 
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M0 

 
M10 

 
M20 

Figure 7: Test Specimens 

5. RESULTS AND DISCUSSION 

      Results of fresh properties, mechanical properties, and permeability for mixes are 

shown in Table 3  

3.1 Fresh properties 

      The workability of concrete mixes was measured by doing a slump test and 

compacting factor test according to (ECP203). Table 3 shows the result of slump value and 

compacting factor of fresh concrete containing crumb rubber with different percentage, 

from the result it was observed that crumb rubber harm the workability of concrete. 

Table 3: Fresh properties, mechanical properties, and permeability of concrete mixes  

  

Mix 

code 

Slump 

(mm) 
C.F 

Cube 

compressive 

strength 

(fcu) (MPa) 

Cylinder 

compressive 

strength (fc`) 

(MPa) 

Splitting 

tensile 

strength 

(MPa) 

Flexural 

strength 

(MPa) 

Elastic 

Modulus 

(GPa) 

Permeability 

depth (mm) 

M0 60 0.92 32.5 27.2 3.1 5.9 26.5 33.3 

M10 40 0.87 29.3 25.1 2.7 5.7 25.1 40.2 

M20 35 0.89 25.3 21.2 2.4 5.1 23.8 44.8 

3.2 Compressive Strength  

      Figure 8 shows the 28-day compressive strength of concrete with and without crumb 

rubber aggregate at varying proportions. It has been observed that compressive strength 

decreases with an increase in the percentage of crumb rubber. This is due to lower 

adhesion between rubber and cement paste which results in the rapid rupture of concrete at 

the time of loading. The mix incorporation of 10% and 20% crumb rubber in concrete as 

an alternative to fine aggregates results in a decrease in strength by 9.7% and 22% 

respectively compared to the control mix. The results of compressive strength are given in 

Table 3. 
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Figure 8: Compressive Strength at 28 days 

3.3 Splitting Tensile Strength 

      Figure 9 and Table 3 show the splitting-tensile strength of CRC which illustrates that 

the splitting tensile strength is decreased by 13% and 22.6% with the addition of 10% and 

20% of crumb rubber aggregate replacement sand; respectively. The splitting tensile 

strength was weakened due to the distribution of rubber particles in the concrete mixture is 

non-homogenous, due to the lower specific gravity compared to other materials. 
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Figure 9: 28-day Splitting Tensile strength 

3.4 Flexural Strength 

      As shown in Figures 10, the flexural strength of rubberized concrete is lower than the 

normal concrete. It has been observed that the flexural strength of crumb rubber concrete 

decreases, as the percentage of crumb rubber in the concrete increases. Flexural strength 

for mix inclusion 10% and 20% crumb rubber were lower than the control mix by 3.4% 

and 13.5%; respectively. Due to lower adhesion between rubber and cement paste. 
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Figure 10: 28-day flexural strength 

3.5 Permeability  

      Water permeability is the prime factor that influences the durability of concrete. the 

water permeability was calculated in terms of the depth of water penetration, as shown in 

Figures 11. Table 3 illustrates that mixes inclusion with 10% and 20% rubber aggregate as 

sand replacement in concrete, have shown an increase of permeability by 20.7% and 

34.5%; respectively. Water permeability of crumb rubber concrete increased due to the 

generation of voids between the crumb rubber and cement matrix which allows the water 

to penetrate to greater depths in concrete. 
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Figure 11: Water permeability of mixes 

  3.6 Stress-Strain Curve 

      Table 3 present the results of elastic modulus for mixes. The modulus of elasticity 

represented the deformation capacity of concrete, elastic modulus reduced by 5.3%, and 

10.2% for mix incorporation with 10% and 20% rubber; respectively at 28 days to natural 
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concrete. Figure 12 presents the stress-strain relationship for mixes. Many reasons are 

accounting for the lower strength of crumb rubber concrete [26]. Firstly, the adhesion of 

rubber particles and cement paste is weaker than the mineral aggregate. Secondly, the 

distribution of rubber particles in the concrete mixture is non-homogenous, due to the 

lower specific gravity compared to other materials. 
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Figure 12: Stress-Strain Curve   

3.7 After Exposed to sulfate Environment  

     The results of the compressive strength of specimens were subjected to lab and sulfate 

environment salt solution (10 % MgSo4) after 90, 180, and 365 days are present in Table 4. 

Figure 13 shows the relation between exposure time to the compressive strength of CRC in 

a lab environment, it was observed that compressive strength increases with increasing 

curing age, also observed that compressive strength of concrete decreased with the 

increasing percentage of crumb rubber. The compressive strength loss at 90 days for the 

control mix was 6.5% and 20.3% for the mix containing 10% and 20% crumb rubber in the 

lab environment. The incorporation of 10% and 20% crumb rubber in concrete as an 

alternative to fine aggregates results in a decrease of compressive strength by 4.8% and 

17.7%; respectively as compared to the reference mix without crumb rubber at a period of 

180 days in a lab environment. At the age of 365 in the lab environment the reduction in 

compressive strength was 10.8% and 20.1% for specimens with 10% and 20% rubber; 

respectively. Figure 14 presents the relation between exposure time and compressive 

strength of CRC in a sulfate environment. It was observed that after 90 days of exposure to 

10% magnesium sulfate MgSo4 the percentage of reduction in compressive strength the 

specimens incorporation of  0%, 10%, and 20% crumb rubber was 9.3 %, 15.2%, and 26%; 

respectively, the percentage of decreasing in compressive strength of specimens inclusion 

with 0%, 10%, and 20% rubber after duration 180 days submerged in sulfate solution was 

18.3%, 25%, and 32.6%; respectively, and after 365 days of immersion in sulfate solution 

the reduction in compressive strength of specimens inclusion with 0%,10%, and 20% 

rubber aggregate replacement sand was 35.2%, 41%, and 48.2%; respectively. The reduction in 
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compressive strength increased with the duration of immersion in the sulfate solution. Figures 15, 

16, and 17 presents compared between specimens inclusion with 0%, 10%, and 20% crumb rubber 

in lab and sulfate environment with curing age 90, 180, and 365 days. 

Table 4: Compressive Strength for Average 3 Cubes at 90, 180, 3650 Days 

Specimen 

ID 

Crumb 

Rubber 

content 

Compressive strength 

(MPa) Environment 

90 days 180 days 365 days 

Group1 0% 33.4 34.9 39.8 Lab. 

Group 2 10% 31.2 33.2 35.5 Lab. 

Group 3 20% 26.6 28.7 31.8 Lab. 

Group 4 0% 30.3 28.5 25.8 Sulfate salt 

Group 5 10% 28.3 26.2 23.5 Sulfate salt 

Group 6 20% 24.7 23.5 20.6 Sulfate salt 
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Figure 13: Relation between exposure time to the compressive strength of CRC in the lab environment. 



 
 

  41 
 

30.3
28.5

25.8

28.3
26.2

23.5

24.7
23.5

20.6

10

15

20

25

30

35

40

45

90 180 365

C
o
m

p
re

ss
iv

e 
S

tr
en

g
th

 (
M

P
a)

Time (days)

Sulfate. Environment 
0% Rubber

10% Rubber

20% Rubber

 

Figure 14: Relation between exposure time to the compressive strength of CRC in the sulfate environment. 
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Figure 15: Comparison between compressive strength in lab and sulfate environment with different rubber ratio after 

exposure time 90 days. 
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Figure 16: Comparison between compressive strength in lab and sulfate environment with different rubber ratio after 

exposure time 180 days. 
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Figure 17: Comparison between compressive strength in lab and sulfate environment with different rubber ratio after 

exposure time 365 days.   

  

Figure 18: Specimens before and after immersion in MgSo4 
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4. CONCLUSION  

This study presents the results of experimentally replacing fine aggregate in concrete 

mixes with crumb rubber. Based on laboratory test results, the following conclusions can 

be drawn: 

Due to the fineness of crumb rubber, the workability of crumb rubber concrete decreases 

with the increase in crumb rubber content. 

The compressive strength of rubberized concrete was lower than normal concrete. The 

result recorded a decrease in compressive strength by 9.7% and 22.0% for the mix with 

10% and 20% crumb rubber; respectively. 

Using rubber aggregate in concrete as replacement sand harmed its mechanical 

properties, by increasing rubber content, the reduction of strength increased. For mix 

with 10% and 20% crumb rubber tensile strength reduction by about 13% and 22.6% 

respectively. 

It can be deduced from the results that the flexural strength shows reduction with an 

addition in the proportion of crumb rubber content. With the incorporation of 10% and 

20% crumb rubber, strength decreases by 3.4% and 13.5%; respectively.  

water permeability of rubberized concrete increases with increase substitution level of 

crumb rubber, as a result of generation voids of crumb rubber, which have led to greater 

water penetration. 

Compressive strength for the specimens in the lab environment increased with increasing 

curing age, but in the sulfate environment, compressive strength decreased by the 

duration submerged in salts for natural and CRC concrete. 

Compressive strength for concrete without rubber exposed to sulfate solution after 90, 

180, and 365 days decreased by 9.2%, 18.3%, and 35.2%; respectively. The reduction in 

strength of the specimens with the incorporation of 10% rubber after 90,180 and 365 

days of exposure to sulfate solutions was 15.2%, 25%, and 41% respectively. 

A higher reduction in compressive strength was noted in specimens inclusion 20% crumb 

rubber immersed in 10% MgSo4 solution for 365 days. 

REFERENCES 

eneyi, L. (2014). Strength, abrasion, and Thomas, B. S., Gupta, R. C., Kalla, P., & Cset[1] 

permeation characteristics of cement concrete containing discarded rubber fine 

212.-59, 204 Construction and Building Materials, aggregates.  

ing of crumb Malarvizhi, G., Senthil, N., & Kamaraj, C. (2012). A study on Recycl[2] 

International Journal  density polyethylene blend on stone matrix asphalt.-rubber and low

2(10). of Science and Research,  

Pierce, C. E., & Blackwell, M. C. (2003). Potential of scrap tire rubber as lightweight [3] 

208.-23(3), 197 aste Management,W aggregate in flowable fill.  

–tire rubber-Siddique, R., & Naik, T. R. (2004). Properties of concrete containing scrap[4] 

569.-24(6), 563 Waste management, an overview.  

Mohammed, B. S., Hossain, K. M. A., Swee, J. T. E., Wong, G., & Abdullahi, M. [5] 



 
 

  44 
 

Journal of Cleaner  (2012). Properties of crumb rubber hollow concrete block.

67.-23(1), 57 Production,  

Moustafa, A., & ElGawady, M. A. (2015). Mechanical properties of high strength [6] 

256.-93, 249 Construction and Building Materials, concrete with scrap tire rubber.  

Li, Y., Wang, M., & Li, Z. (2010). Physical and mechanical properties of Crumb [7] 

Journal of Wuhan University of  Rubber Mortar (CRM) with interfacial modifiers.

848.-25(5), 845 Mater. Sci. Ed.,-Technology  

compacted -(2018). Mechanical performance of rollerMohammed, B. S., & Adamu, M. [8] 

Construction and Building  silica.-concrete pavement containing crumb rubber and nano

251.-159, 234 Materials,  

-Márquez, J. F., & Hernández-Martín, L. M., Carbonell-Ruiz, M. A., Gil-Fernández[9] 

(2018). Epoxy resin and ground tyre rubber replacement for cement in  Montes, E.

Construction and Building  concrete: Compressive behaviour and durability properties.

57.-173, 49 Materials,  

perties of Mishra, M., & Panda, K. C. (2015). Influence of rubber on mechanical pro[10] 

(pp.  Advances in Structural Engineering compacting concrete. In-conventional and self

1794). Springer, New Delhi.-1785  

[11] Batayneh, M. K., Marie, I., & Asi, I. (2008). Promoting the use of crumb rubber 

2176.-28(11), 2171 management,Waste  concrete in developing countries.  

rubber replacement -tyre-[12] Ganjian, E., Khorami, M., & Maghsoudi, A. A. (2009). Scrap

1836.-23(5), 1828 Construction and building materials, for aggregate and filler in concrete.  

. (2000). Use of ground rubber tires in Portland [13] Ali, N. A., Amos, A. D., & Roberts, M

(Vol. 390).  Proceedings of the international conference on concrete cement concrete. In

London, United Kingdom: Thomas Telford Services Ltd.  

rimental investigation of Jokar, F., Khorram, M., Karimi, G., & Hataf, N. (2019). Expe[14] 

Construction  mechanical properties of crumbed rubber concrete containing natural zeolite.

658.-208, 651 and Building Materials,  

da Silva, F. M., Barbosa, L. A. G., Lintz, R. C. C., & Jacintho, A. E. P. (2015). [15] 

on the properties of concrete tactile paving blocks made with recycled tire Investigation 

79.-91, 71 Construction and Building Materials, rubber.  

Gupta, T., Chaudhary, S., & Sharma, R. K. (2016). Mechanical and durability [16] 

Journal of cleaner  with and without silica fume.properties of waste rubber fiber concrete 

711.-112, 702 production,  

Thomas, B. S., & Gupta, R. C. (2016). Properties of high strength concrete containing [17] 

92.-113, 86 Journal of Cleaner Production, scrap tire rubber.  

-R., & Mills, J. E. (2017). Mechanical performance of FRP Youssf, O., Hassanli,[18] 

Journal of  confined and unconfined crumb rubber concrete containing high rubber content.

126.-11, 115 Building Engineering,  

bility [19] Bisht, K., & Ramana, P. V. (2017). Evaluation of mechanical and dura

817.-155, 811 Construction and Building Materials, properties of crumb rubber concrete.  

[20] Xu, J., Chen, S., Yu, H., & Wang, Y. (2015, August). Crumb Rubber Concrete 

Material, the 3rd International Conference on  Deterioration Caused by Sulphate Attack. In

Mechanical, and Manufacturing Engineering (IC3ME 2015). Atlantis Press.  



 
 

  45 
 

[21] Noor, N. M., Hamada, H., Sagawa, Y., & Yamamoto, D. (2015). Effect of crumb 

Jurnal  rubber on concrete strength and chloride ion penetration resistance.

).77(32 Teknologi,  

[22] Thomas, B. S., & Gupta, R. C. (2015). Long term behavior of cement concrete 

87.-102, 78 Journal of Cleaner Production, containing discarded tire rubber.  

[23] Mukaddas, A. M., Abd Aziz, F. N. A., Nasir, N. M., & Sutan, N. M. (2019). WATER 

LITY AND CHLORIDE AND SULPHATE RESISTANCE OF PERMEABI

Journal of Civil Engineering, Science and  RUBBERISED FIBRE MORTAR.

146.-10(2), 135 Technology, 

[24] Xue, J., & Shinozuka, M. (2013). Rubberized concrete: A green structural material 

42,  Construction and Building Materials, ion capability.dissipat-with enhanced energy

204.-196  

2018. Egyptian code of practice for design and construction of Reinforced -[25] ECP 203

concrete structures. Third edition. 

assessment of Crumb depth -[26] Mohammadi, I., Khabbaz, H., & Vessalas, K. (2014). In

soaking treatment method for rigid -Rubber Concrete (CRC) prepared by water

471.-71, 456 Construction and Building Materials, pavements.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


