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The escalating environmental impact of non-biodegradable waste, particularly from 

discarded tires, necessitates innovative recycling strategies. This study explores the 

potential of incorporating pre-treated crumb rubber from waste tires into concrete 

mixtures as a sustainable alternative to traditional coarse aggregates. A comprehensive 

experimental investigation was conducted to evaluate the fresh-state properties, 

workability, and mechanical behavior of rubberized concrete. The study focused on 

varying proportions of pre-treated rubber particles, substituting 10%, 20%, 30%, and 

40% of conventional coarse aggregates by volume. These rubber particles were treated 

with cement paste to enhance bonding strength within the composite material. Standard 

tests were employed to assess the properties of the rubberized concrete, including density, 

slump, and compressive strength. The findings reveal that the incorporation of recycled 

tire rubber as a partial aggregate replacement notably impacts the workability and 

mechanical properties of the concrete. However, this reduction is mitigated when a 

concrete superplasticizer is utilized. Furthermore, the research indicates a decrease in the 

failure load of rubberized concrete composite slabs, ranging from 15% to 58%, compared 

to those constructed with traditional aggregates. Additionally, a significant reduction in 

the initial cracking load was observed. These outcomes offer critical insights into the 

structural and mechanical implications of using pre-treated rubber particles in concrete. 

While the decrease in mechanical performance poses challenges, the study illuminates 

pathways for enhancing the sustainability of concrete through the innovative reuse of 

waste materials. This approach not only addresses environmental concerns but also opens 

new avenues for the development of more sustainable construction materials. 
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1. INTRODUCTION

The accumulation of non-biodegradable waste rubber 

presents significant environmental and health hazards globally. 

Efforts have been made to mitigate these risks by repurposing 

recycled waste tires as construction materials, thereby 

addressing the environmental concerns linked to the disposal 

of used tires and generating novel raw materials for concrete 

mixtures [1]. Focus has been placed on employing crumb 

rubber as a partial substitute for traditional mineral aggregates, 

contributing to the development of sustainable concrete [2]. 

Rubberized concrete is recognized for its exceptional 

structural qualities, including lightness, enhanced durability, 

reduced horizontal stress, high hydraulic conductivity, thermal 

resistivity, and flexibility [3]. 

The recycling of waste tires has found diverse applications 

in civil engineering, ranging from its use as a fuel in the 

production of Portland cement, incorporation in recycled 

asphalt pavement, to serving as an insulating material in 

highway subgrades [4, 5]. A novel application involves the 

deployment of recycled rubber particles as a protective layer 

against freeze-thaw effects on highways. This entails installing 

a layer of rubber particles, up to 30cm thick, beneath highways 

to facilitate rainwater drainage, leveraging the high 

permeability of crumb rubber. Furthermore, these rubber 

particles are suited for various purposes including, but not 

limited to, lightweight fill material, building foundation 

insulation, drainage solutions, and playground surfacing. The 

versatility of recycled rubber is highlighted by its availability 

in multiple sizes, shapes, and specific applications, achieved 

by processing waste tires through rotating corrugated steel 

drums. 

2. PREVIOUS STUDIES

It has been documented in prior studies that the 

incorporation of recycled rubber aggregates in concrete 

adversely affects its workability, unit weight, and strengths 

(compressive, tensile, and flexural), with these declines 

becoming more pronounced as the replacement percentage of 

rubber aggregates increases. Additionally, the inclusion of 
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rubber particles has been observed to transition the failure 

mode of concrete from brittle to ductile, enhancing post-crack 

resistance and air content. Chou et al. [6] reported a successful 

enhancement in the bonding between cement paste and rubber 

particles through the application of sulfur treatment. Aiello 

and Leuzzi [7] conducted an investigation into the effects of 

substituting traditional coarse aggregates with chip tire rubber 

in proportions of 25.5%, 50.5%, and 75.5%. Their findings 

indicated a decrease in the compressive strength of rubberized 

concrete by 47.8%, 54.4%, and 62.3%, correlating with the 

respective increases in rubber particle content. 

Further, Ghedan and Hamza [8] explored the impact of 

treating rubber particles with SILAN on compressive strength. 

Their study concluded that SILAN pre-treatment mitigated the 

reduction in compressive strength associated with rubberized 

concrete. In a similar vein, Ganjian et al. [9] examined the 

effects of incorporating 7.5% and 10% chip rubber (by weight 

of coarse aggregates) in rubberized concrete. They noted a 

decrease in compressive strength by approximately 10% and 

23%, respectively. Moreover, their research revealed that the 

inclusion of 5%, 7.5%, and 10% chip rubber led to reductions 

in splitting tensile strength (approximately 30%, 40%, and 

60%) and in the modulus of elasticity (approximately 17%, 

24%, and 25%). 

Li et al. [10] explored the stress-strain behavior of carbon 

rubber composite (CRC), focusing on the interplay between 

strength, rubber content, and the performance of reinforced 

CRC slabs. It was observed that a reinforced concrete (RC) 

slab with an 18% rubber composition could achieve a bending 

moment capacity comparable to that of a traditional slab. 

Notably, rubberized concrete slabs exhibited finer and more 

uniformly distributed crack patterns upon failure than 

conventional slabs. However, the literature lacks 

comprehensive studies on the flexural behavior of rubberized 

RC components, indicating a need for further research in this 

area. Eltayeb et al. [11] investigated the impact of integrating 

rubber particles into foam concrete, revealing enhancements 

in both impact resistance and damping properties. The use of 

lightweight rubberized concrete in composite wall panels has 

demonstrated improved structural performance under cyclic 

compressive and shear loadings, as well as under impact loads 

[12, 13]. This review highlights that, in contrast to previous 

studies that have primarily examined various factors, the 

present study is unique in its focus on the structural behavior 

of composite slabs utilizing rubberized concrete. 

 

 

3. OBJECTIVES OF THE CURRENT STUDY 

 

This experimental investigation offers detailed data 

concerning the influences of partial replacement of traditional 

coarse aggregates by recycled rubber particles made from 

recycled tear-out tires. The effect of this recycled rubber was 

investigated on the fresh state properties along with the 

mechanical performance of rubberized concrete under 

compressive, tensile, and flexural stresses using pre-treated 

rubber particles by cement paste. Moreover, the structural 

behaviour of composite slabs with rubberized concrete was 

investigated. The failure load, first crack load, failure 

deflection, and failure mode of each sample were studied. The 

structural investigation was examined using a load-deflection 

curve and other factors. In the next section of the paper, 

information about the materials used in this study will be 

presented. 

 

4. MATERIALS 

 

The following materials were used in producing both 

rubberized concrete and normal concrete. Type I Ordinary 

Portland cement as shown in Table 1, which satisfies IQS 

No.5/1984 Iraqi specifications [14], was used as the bonding 

material. Fine aggregates that conform to ASTM C136 

standard test [15] were used as fine aggregates. In addition, 

traditional coarse aggregates (gravel) that satisfy IQS 

No.45/1984 Iraqi specifications [16] were used in producing 

normal concrete. Moreover, recycled rubber aggregates were 

produced by grinding waste tires into rubber particles of 

smaller sizes ranging from 2.36 to 12.5 mm. The rubber 

particles were sieved by utilizing a series of sieves to distribute 

rubber particles to different sizes. Then, rubber particles of 

different sizes were mixed up using an adopted grade that fit 

between the upper and lower limits of ASTM C330 / C330M 

- 17a standard test [17], producing recycled rubber coarse 

aggregates (RRCA), which were utilized as a partial 

replacement for traditional coarse aggregates, as illustrated in 

Figure 1 and Figure 2. Finally, tap water was used to mix fresh 

concrete, wash recycled rubber particles from any unwanted 

dust, and cure concrete specimens. 

 

Table 1. Chemical and physical properties of ordinary 

Portland cement 

 
Chemical Composition of Cement 

Test name Results  IQS NO.5/limits 

CaO 55.12 ----- 

SiO2 22.45 ----- 

Al2O3 4.12 ----- 

Fe2O3 4.98 ----- 

Lime saturation 

factor 
0.75 1.02-0.66 

MgO 3.38 ≤ 5.0 % 

SO3 2.12 ≤ 2.5 % 

Loss on ignition 3.75 ≤ 4.0 % 

Insoluble residue 1.09 ≤ 1.5 % 

C3A 2.5 ≤ 3.5 % 

Physical Properties of Ordinary Portland Cement 

Test name Sample  IQS NO.5/limits 

Initial setting time 

(minute) 
101 ≥ 45 

Final setting time 

(hour) 

3 hours and 55 

minutes 
≤ 10 

Compressive 

strength at (3) days 

(Mpa) 

16.8 ≥ 15 

Compressive 

strength at (7) days 

(Mpa) 

24.5 ≥ 23 
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Fine aggregates Traditional coarse aggregates Recycled rubber coarse aggregates 

 

Figure 1. Fine aggregates, traditional coarse aggregates, and recycled rubber particles 

 

 
 

Figure 2. Gradation of recycled rubber coarse aggregates 

(RRCA) and traditional coarse aggregates (TCA) 

 

In addition, rubber particles were used as pre-treated 

recycled rubber coarse aggregates (PTRRCA). Rubber 

particles were pre-treated using cement mortar to enhance the 

bonding strength between rubber particles and concrete 

mixture to improve the behavior of rubberized concrete. The 

pre-treatment process was performed by submerging rubber 

particles for 15 15-minute periods into a cement paste of 

water-to-cement-ratio equal to 1.0, as shown in Figure 3. The 

pre-treated process of rubber particles was completed at a 

temperature of 32°C and a humidity of 45%. After that, rubber 

particles were extracted from the mortar and spread, mixed 

with fine sand that had size (1–2 mm) and quantity equal to 

50% by weight of the cement of the paste, and then left to air-

dry. Finally, pre-treated recycled rubber aggregates were cured 

for 28 days. 

 
 

Figure 3. Cement paste that was used as pre-treatment 

 

 

5. MIX PROPORTION 

 

Many trail mixtures that were performed based on previous 

research (with some adjustments) were conducted to cast four 

successive mixtures of rubberized concrete with target 

compressive strength (f'c) ranges between 20 MPa to 30 MPa 

at the age of 28 days. Moreover, concrete mixtures of 

traditional aggregates were designed following ACI 

Committee 211.1 design procedure [18] with a target 

compressive strength (f'c) equal to 30 MPa at the age of 28 

days. Table 2 presents proportions per cubic meter for normal 

concrete (NC) and pre-treated rubberized concrete (PTRC), 

with replacement percentages ranging between (0-40%) by 

volume of traditional coarse aggregates. 

 

 

Table 2. Mixing proportions per cubic meter for SLWC and NWC 

 
Material 1SNC 2SRC10 2SRC20 2SRC30 2SRC40 

Portland Cement, Type I (kg/m3) 353 353 353 353 353 

Fine Aggregates (kg/m3) 667 667 667 667 667 
3TCA (kg/m3) 1272 1241.4 1211.1 1180.8 1148.4 

4NTRRCA (kg/m3) 0 0 0 0 0 
5PTRRCA (kg/m3) 0 32.1 64.2 96.3 128.4 

Water (kg/m3) 201 201 201 201 201 

Rubber Percentage % 0 10 20 30 40 
1 (SNC) Sample of Normal concrete (no rubber)  

2 (SRC) Sample of Rubberized Concrete 
3 (TCA) Coarse Aggregate  

4 (NTRRCA) Non-Treated Rubberized Coarse Aggregate 
5 (PTRRCA) Pre-Treated Rubberized Coarse Aggregate 

 

 

 

373



6. MIXING PROCEDURE 

 

Before mixing, traditional coarse aggregates were prepared 

to accomplish a saturated surface-dry condition (SSD) by 

soaking the coarse aggregates in water tanks for 24 hours and 

then drying the coarse aggregate's surfaces using dry towels. 

In addition, weights of fine aggregates and water of mixing 

were adjusted by including the effects of free surface moisture 

content of fine aggregates following the ASTM C70 - 13 

standard test [19]. Two successful mixing techniques were 

adopted to produce normal and rubberized concrete using an 

electrical pan mixer, as shown in Figure 4. 

Normal concrete was mixed following ASTM C192 / 

C192M -18 [20], as illustrated in Table 3. The coarse 

aggregates were initially added to the pan mixer with 1/5 of 

the mixing water. After a few seconds of mixing, the fine 

aggregates and 1/5 of the mixing water were introduced to the 

pan mixer and mixed for a few seconds. Then, the cement and 

the remaining 3/5 of the mixing water were introduced to the 

mixer. After three minutes of mixing, the mixer was stopped 

to measure the concrete slump following ASTM C 143/C 

143M [21]. Finally, the mixture was mixed for two more 

minutes to be ready for casting concrete specimens. 
 

Table 3. Mixing procedure for NWCs 

 
Time Materials 

0:00 Add coarse aggregates + 20% of water 

0:00 Add fine aggregates + 20% of water 

0:01 Cement + 60% of water 

0:04 Stop 

0:07 Remix + measure the concrete slump 

0:09 Stop 

 

 
 

Figure 4. Rubberized concrete that is ready to be cast 

 

The second mixing procedure produced successful 

structural rubberized concrete, as illustrated in Table 4. 

Initially, coarse aggregates, rubber particles, and one-third of 

the mixing water were added to the batch. After one minute of 

mixing, fine aggregates, cement, and the remaining mixing 

water were added and mixed for four minutes. Then, the mixer 

was stopped to measure the concrete slump following the 

ASTM C 143/C 143M standard test [21]. Next, the mixture 

was mixed for two minutes to be ready for casting concrete 

specimens. 

 

 

 

 

 

Table 4. Mixing procedure for rubberized concrete 

 
Time Materials 

0:00 
Add traditional coarse aggregates + recycled rubber 

aggregates+ 1/3 of Water. 

0:01 Add fine aggregates + cement + 2/3 of Water 

0:05 Stop 

0:08 Remix + measure the concrete slump 

0:10 Stop 

 

 

7. COMPOSITE SLAB SPECIMENS DESCRIPTION 

 

The present study conducted an experimental research 

program to examine the performance of five composite slab 

specimens. Each specimen had a total length of 1500 mm and 

a width of 450 mm. The specimens' combined thickness 

measures 150 mm. The specimens have three layers, with each 

layer having a thickness of 50 mm. The upper and bottom 

levels consisted of concrete, but the centre layer comprised 

insulating material. Usually in such composite slabs, 

insulation is placed in the middle of the layers to increase 

thermal and sound insulation and reduce self-weight. The 

layers were interconnected by the utilization of rebar shear 

connectors that possessed a same diameter to the 

reinforcement present in both the upper and bottom levels. The 

material utilized for the reinforcement of the top and bottom 

meshes, as well as the shear connections, is composed of high-

strength steel with a yield stress of 533 MPa (ɸ 8). 

Concrete layers consisting of both normal and rubberized 

concrete, possessing an average cube compressive strength 

ranging from 20 to 30 MPa, are introduced during the pouring 

process. Each specimen is assigned two codes for 

identification purposes. In the given instance, denoted as 

SRC10, the alphanumeric code (SRC) designates the specific 

slab composition using rubberized concrete, while the 

numerical value 10 signifies the substitution of coarse 

aggregate with rubber. The term "SNC" is used to denote the 

slab constructed with normal concrete. 

 

 

8. TESTING PROGRAM 

 

Firstly, several standard tests were performed for each 

mixture of normal concrete (NC) and pre-treated rubberized 

concrete (PTRC) to report the properties of freshly mixed 

rubberized concrete, including slump and density. The 

structural performance of rubberized concrete under 

compressive, flexural, and tensile stresses was assessed for 

pre-treated rubberized concrete.  

Secondly, the structure behaviour of the rubberized concrete 

slab was investigated under two concentrated loads to find the 

failure load and failure deflection. A static load test was 

performed using a hydraulic testing machine in the structure 

laboratory- College of Engineering- The University of Thi-Qar, 

as shown in Figure 5. It has a capacity of 400 kN and is 

consistent with an iron frame to support and install the 

specimen well. The device also has an LCD screen to read the 

results correctly and all the needed sensors; furthermore, it was 

calibrated by Iraq’s Central Organization for Standardization 

and Quality Control (COSQC). A dial gauge is used to 

measure central deflection. Finally, the specimens were simply 

supported and applied to a two-point bending load. 
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Figure 5. Specimen’s testing setup 

9. RESULTS AND DISCUSSION

9.1 Mechanical behaviour 

This section summarises and discusses the structural 

behaviour of NC and PTRCs under compressive, flexural, and 

tensile stresses. Moreover, the fresh-state characteristics of NC 

and PTRCs, including slump and unit weight, are reported. All 

these tests were carried out based on American specifications 

ASTM. 

The results showed that the slump values for rubberized 

concrete decreased as the percentage of replacement of rubber 

particles by volume of traditional coarse aggregates increased, 

as shown in Table 4. The outcomes of this research 

demonstrated that the unit weight of concrete mixtures 

decreased as the percentage of replacement of rubber particles 

by volume of traditional coarse aggregates increased, as 

reported in Table 5.  

The compressive strength (f'c) for concrete cylinder 

specimens of the control batch (NC) was equal to 31.2 MPa, 

while it ranged between 18.2 to 28.2 MPa for PTRCs. In 

contrast, the compressive strength (fcu) for concrete cube 

specimens of the NC reference batch was equal to 40.6 MPa, 

while it ranged between 25.3 to 37.3 MPa for PTRCs. The 

ratio between the compressive strengths of the cube to cylinder 

concrete specimens (fcu/f'c) of the NC reference batch was 

equal to 0.77, while it ranged between 0.71 to 0.80 MPa for 

PTRCs, as reported in Table 6.  

Table 5. Slump and unit weight for NC, NTRCs and PTRCs 

Batch ID SNC SRC10 SRC20 SRC30 SRC40 

Rubber (%) 0 10 20 30 40 

Slump (mm) 84 74 72 66 57 

Reduction in 

Slump 
0% 12% 14% 21% 32% 

Unit Weight 2.41 2.37 2.32 2.26 2.23 

Reduction in 

Unit Weight 
0% 2% 4% 6% 7% 

Table 6. The compressive behavior for cylinder and cube 

concrete specimens of NC and PTRCs 

Batch ID SNC SRC10 SRC20 SRC30 SRC40 

Rubber (%) 0 10 20 30 40 

f`c (MPa) 31.2 28.2 24.1 23.6 18.2 

Reduction in 

f`c 
0% 10% 23% 24% 42% 

fcu (MPa) 40.6 37.3 33.8 29.4 25.3 

Reduction in 

fcu 
0% 8% 17% 28% 38% 

Enhancement 

f`c 
- 9% 11% 25% 20% 

fcu/f`c 1.30 1.32 1.40 1.25 1.39 

Rigid girder

1350 mm

1500 mm

A

I section

Roller Roller 

A: specimen s thickness (150) mm.

B: central dial gauge position.

B

450 mm

Loading upper 

frame
Dial gauge 
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The results demonstrated that using rubber particles as a 

partial replacement for the traditional coarse aggregates in 

producing rubberized concrete reduced the compressive 

strength by about 9% to 20%, as shown in Table 5. 

The modulus of rupture (fr) for the NC control batch was 

equal to 3.22 MPa, while it ranged between 2.21 to 2.81 MPa 

for PTRCs, as reported in Table 7. The results demonstrated 

that using rubber particles as a partial replacement for the 

traditional coarse aggregates in producing rubberized concrete 

decreased the modulus of rupture (fr) by about 13% to 31%.  

Table 7. The flexural behavior for NC and PTRCs 

Batch ID SNC SRC10 SRC20 SRC30 SRC40 

Rubber (%) 0 10 20 30 40 

fr (MPa) 3.22 2.81 2.76 2.57 2.21 

Reduction in 

fr 
0% 13% 14% 20% 31% 

Enhancement 

in Reduction 

of fr 

- 29% 25% 19% 9% 

The splitting tensile strength (fsp) for NC control batch was 

equal to 2.75 MPa, while it ranged between 2.11 to 2.60 MPa 

for PTRCs, as reported in Table 8. The results demonstrated 

that using rubber particles as a partial replacement for the 

traditional coarse aggregates in producing rubberized concrete 

decreased the splitting tensile strength by about 5% to 23%.  

Table 8. The tensile behavior for NC and PTRCs 

Batch ID SNC SRC10 SRC20 SRC30 SRC40 

Rubber (%) 0 10 20 30 40 

fsp (MPa) 2.75 2.6 2.38 2.23 2.11 

Reduction in 

fsp 
0% 5% 13% 19% 23% 

Enhancement 

in Reduction 

of fsp 

- 12% 29% 12% 24% 

9.2 Composite slab structural behaviour 

Table 9 presents the impact of a rubberized material 

percentage on several factors, including failure load, first 

crack load, crack pattern, failure deflection, and failure mode. 

The experimental findings indicated a drop in the failure load 

ranging from 15.0% to 58.0% when the rubber particle 

percentage was increased from 10% to 40%. Also, the 

cracking load percentage was significantly reduced between 

29.5% to 11% from the failure load. This decrease is due to 

the specimens' compressive strength reduction, which reduces 

the failure and crack load. The failure deflection of the 

composite slab increased significantly when the percentage of 

rubber was increased, and this was due to the fact that the 

specimens became more flexible. 

Table 9. Specimens’ testing results 

Specimen’s 

Code 

First Crack Load 

(kN) 

Failure Load 

(kN) 

Failure Deflection 

(mm) 

Pcr / Pult 

(%) 

Failure Load 

Reduction (%) 

Failure 

Mode 

SNC 31.5 107 18.7 29.5 --- 
Flexural 

ductile 

SRC10 18.5 91 26.4 20.4 15.0 
Flexural 

ductile 

SRC20 13.1 73 29.6 18.0 19.1 
Flexural 

ductile 

SRC30 9.9 64 36.8 15.5 40.0 
Flexural 

ductile 

SRC40 5.0 45 44.0 11.0 58.0 
Flexural 

ductile 

The failure load reduction is calculated according to the specimen SNC. 

Figure 6. Load deflection curves for tested specimens 
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SNC SRC10 

SRC20 SRC30 

SRC40 

Figure 7. Failure mode for tested specimens 

Figure 6 depicts the connection between load and central 

deflection for all specimens that were subjected to testing. The 

subject matter is partitioned into three distinct divisions. The 

initial observation entails a linear relationship between the 

load and vertical deflection, wherein an increase in deflection 

counteracts an equivalent increase in applied force. The 

subsequent segment, which is of lesser length than the 

preceding one, produces results. The subsequent phase in the 

material's deformation process is strain hardening, which 

persists until the specimen reaches its point of failure. The loss 

in stiffness of the specimens may be attributed to several 

variables, including the formation and expansion of fractures, 

particularly in the lower layer of the slab, as well as the 

yielding of steel bars in the lower mesh. These factors are 

observed to occur as the load on the specimens rises. Before 

reaching the conclusion that the decrease in stiffness shown in 

the load against central deflection curves is attributed to 

constraints in material strength rather than a decline in shear 

transmission capacity, it is imperative to examine some 

aspects of composite action in the slabs. 

The failure mode, in general, was flexural for all specimens, 

as shown in Figure 7. Failure occurs after the appearance of 

many cracks in the lower concrete layer, as these cracks begin 

in the areas under concentrated loads and then begin to 

develop in all directions. The width of the cracks at failure 

increases significantly, and this is due to the presence of the 

percentage of rubber in the concrete. The failure mode is called 

flexural ductile because the specimens show many cracks 

before failure. 

All slabs collapse in the flexural mode because the vertical 

shear connectors provide significant shear capability, so the 

specimens fail like traditional reinforced concrete one-way 

slabs.  

The specimens generally exhibit a somewhat uniform 

distribution of cracks and comparable inter-crack lengths. The 

presence of cracks was predominantly observable in some 

specimens when subjected to load points. 

10. SUMMARY AND CONCLUSIONS

Rubberized concrete was successfully produced by partially 

replacing traditional coarse aggregates (TCA) with recycled 

rubber aggregates (RRA) made from recycled waste tires. The 

fresh-state properties of normal concrete (NC) and pre-treated 

rubberized concrete (PTRC) using cement paste, including 

slump and unit weight, were presented and discussed. In 

addition, the flexural, tensile and compression performance of 

NC and PTRCs were summarized and discussed. Moreover, 

the structural behaviour of composite slabs with normal and 

rubberized concrete was studied and discussed. Findings 

include: 

• Concrete density reduced as the percentage of rubber

particles increased. Furthermore, the concrete

workability in terms of concrete slump decreased as

the percentage of rubber particles increased.

• The compressive strength, modulus of rupture and

splitting tensile strength for rubberized concrete with

a percentage of rubber particles ranging between 10%

to 40% were lower than those of normal concrete.

Rubberized concrete had compressive strength,

modulus of rupture and splitting tensile strength

lower than normal concrete by about (8% to 38%),

(13% to 31%), and (5% to 31%), respectively.

• Using rubber particles in concrete mixtures enhanced

the failure mode from brittle to more gradual failure.

• The failure load of the composite slab with

rubberized concrete reduce by about (15% - 58%)

when partially replacing the coarse aggregate with

pre-treated crumb rubber tires.

• The cracking load percentage was significantly

reduced between 29.5% to 11% from the failure load.

• The failure deflection of the composite slab increased

significantly when the percentage of rubber was

increased.

• The failure mode, in general, was flexural for all

specimens, and it is called flexural ductile because

the specimens show many cracks before failure.
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11. RECOMMENDATIONS FOR FUTURE STUDY

For the purpose of studying this topic in more depth, future 

researchers can test the case of the effect of fire on this type of 

concrete. In addition, the effect of different types of loads, 

such as repetitive loads and seismic loads, can be studied. 
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