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1. Introduction 
 

In recent years, the development of automobile industry 

and transportation industry, it has led to a sharp increase in 

waste rubber as a by-product, posing tremendous pressure 

and challenges to the sustainable development of 

environment and resources. However, incorporating rubber 

into concrete can reduce environmental pollution and 

conserve resources. And, due to the low specific gravity of 

crumb rubber particles, the unit weight of the rubber 

concrete decreases as the percentage of crumb rubber 

replacement increases. The non polarity of crumb rubber 

causes water to be repelled and the air to consequently be 

trapped on the surface; the air content in the rubber concrete 

increases as the rubber content increases. This new kind of 

crumb rubber concrete has been studied by some 

researchers (Emiroglu et al. 2015, Thomas et al. 2015, 

Padhi and Panda 2016, Gupta et al. 2017). These results 

found that the incorporation of rubber particles into 

concrete results in better resilience, durability and 

deformation ability of the concrete. 

Previous works focused on the examination of the 

mechanical properties and durability of crumb rubber 

concrete. Fu et al. (2019) studied the evolution of strength 

(compressive, tensile, and flexural) and toughness of steel 

fiber-reinforced rubberized concrete with various fiber 

dosages and rubber contents. The results showed that the 

compressive strength of steel fiber-reinforced rubberized 

concrete was dependent on both rubber content and fiber 

dosage, while the flexural and tensile strengths were 

dominated by the fiber dosage. Ramdani et al. (2019) 
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studied the effect of incorporating waste rubber aggregates 

in combination with waste glass powder or silica sand 

powder obtained from dune natural sand, on the 

performances of cementitious mixtures. The results showed 

that the strength increased with the incorporation of glass 

powder and rubber aggregates, especially with 10% and 

20% rubber aggregates contents. Zhang and Poon (2018) 

developed an effective surface pre-treatment method for 

recycled rubber particles to improve the sound insulation 

properties of rubberized lightweight aggregate concrete. 

Han et al. (2018) found that the energy dissipation capacity 

increases with the increase of the mixed crumb rubber 

content. The characteristics of acoustic emission sources 

imply that mixed crumb rubber can effectively improve the 

crack distribution of crumb rubber concrete. Si et al. (2017) 
investigated the durability of rubberized mortar and 

concrete samples with NaOH-solution treated rubber 

particles. The results indicated that the rubberized concrete 

or mortar (with 15% or 25% NaOH-treated rubber 

replacement) samples had improved durability. 

In addition, the structural performance of members cast 

with crumb rubber concrete has been studied (Han et al. 

2015, Ismail and Hassan 2016, Duarte et al. 2016, Silva et 

al. 2017, Mendis et al. 2018). Yang et al. (2019) studied the 

rubber concrete slabs with steel reinforcement under close-

in blast loading. The results showed that the tensile zone 

damage of rubber concrete slabs was smaller than that of 

normal concrete slabs under large explosive charges; rubber 

concrete slabs with steel reinforcements were practical 

structures for blast resistance, especially when subjected to 

a large energy detonation. Duarte et al. (2018) presented a 

comparative assessment of rubberized concrete filled square 

steel tubular columns. The results showed that rubberized 

concrete filled square steel tubular columns had a marginal 

higher embodied energy and cost than those of the normal  
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Fig. 1 No. 20 crumb rubber 

 

Table 1 The properties of crumb rubber 

Surface 

color 

Bulk density 

(kg/m3) 

Specific 

gravity 

Moisture 

content (%) 

Fineness 

modulus (MPa) 

black 1060 0.93 1.08 0.85 

 
 

concrete filled square steel tubular column- differences less 

than 1%. Ismail et al. (2017) investigated the strength and 

cracking characteristics of optimised self-consolidating and 

vibrated rubberised concrete mixtures with/without steel 

fibres using large-scale reinforced concrete beams. The 

results showed that the inclusion of steel fibres could 

alleviate the reduction in the shear capacity and first 

cracking moment that resulted from the addition of crumb 

rubber.Combining crumb rubber and steel fibres contributed 

to developing sustainable concrete beams with high 

deformability, reduced self-weight and improved shear 

capacity. Mendis et al. (2017) investigated the flexural 

behaviour of reinforced beams made of crumb rubber 

concrete mixes of similar compressive strength 

The objectives of this study, are to investigate the 

effects of crumb rubber size and content on the compressive 

strength, elastic modulus, peak strain (the strain 

corresponding to peak stress), shape of the stress-strain 

curve, and to establish a single equation determining the 

compressive strength, elastic modulus, the relationship 

between prism compressive strength, peak strain and the 

stress-strain relation of crumb rubber concrete. 

 

 

2. Experimental programme 
 

2.1 Materials 
 

The following materials were used in the concrete: 

Portland cement (C) type 42.5R, natural fine aggregate (FA) 

with the particle size of 0-5 mm,fineness modulus of 2.7 

and 0.6% moisture content, natural coarse aggregate (CA) 

with size fraction of 5-20 mm, three different sized crumb 

rubber (No. 20, No. 40 and No. 80 crumb rubbers). The No. 

20 crumb rubber (CR), No. 40 CR and the No. 80 CR were 

a fine material with size fraction of 0.825 mm, 0.42 mm and 

0.18 mm, respectively. Table 1 lists the properties of crumb 

rubber. The No. 20 crumb rubber is shown in Fig. 1. 

Table 2 Mix proportion of the recycled crumb rubber 

concrete 

No. 
Replacement 

(%) 

No.20 
CR 

(kg·m-3) 

No.40 
CR 

(kg·m-3) 

No.80 
CR 

(kg·m-3) 

C 

(kg·m-3) 

FA 

(kg·m-3) 

CA 

(kg·m-3) 

W 

(kg·m-3) 

NC 0 0 0 0 422 531 1257 190 

No.20 
CR5 

5 26.55 0 0 422 504.45 1257 190 

No.20 

CR10 
10 53.10 0 0 422 477.90 1257 190 

No.20 

CR15 
15 79.65 0 0 422 451.35 1257 190 

No.40 
CR5 

5 0 26.55 0 422 504.45 1257 190 

No.40 

CR10 
10 0 53.10 0 422 477.90 1257 190 

No.40 

CR15 
15 0 79.65 0 422 451.35 1257 190 

No.80 
CR5 

5 0 0 26.55 422 504.45 1257 190 

No.80 

CR10 
10 0 0 53.10 422 477.90 1257 190 

No.80 

CR15 
15 0 0 79.65 422 451.35 1257 190 

 

 

2.2 Mix proportions 
 

The concrete mixture is based on the specifications for 

mix proportion designs of ordinary concrete (JGJ55-2011 

2011). The CRC mixtures are designed having a constant 

water/cement ratio of 0.45. The fine aggregates are replaced 

with different graded crumb rubbers (No. 20, No. 40, No. 

80 crumb rubber) respectively, at four designated contents 

of 0%,5%,10%,15% by mass. The coarse aggregate, cement 

and water of CRC are present in quantities equal to those in 

the NC. Totally ten different CRC mixtures are designed. 

Table 2 provides the design of the concrete mix. 

 
2.3 Specimen preparation  

 

The preparation and curing of all mixes were conducted 

in the State Key Laboratory for Concrete Material Research 

at East China Institute of Technology in Nanchang, China. 

Three cubic specimens per each mix of 150×150×150 mm 

are prepared for cubic compressive strength of each level of 

crumb rubber content. In total, 30 cubic compressive 

strength tests are completed by using the cubic specimens. 

Six prism specimens per each mix of 150×150×300 mm are 

prepared for stress-strain of each level of crumb rubber 

content. In total, 60 tests are completed by using the prism 

specimens. For each mix at each laboratory conditions. The 

dry cement and aggregates were mixed for 1 minute in a 

0.05 m3 laboratory mixer. The mixing continued for the 

next minute, with about 70% of water added. The mixing 

continued for another 1 minute. After casting, the concrete 

specimens were kept in their moulds for 24h at room 

temperature (20±2°C). After 24h, the specimens were 

demoulded and cured in a room with 20±2°C, and 95% 

relative humidity for 28 days. 

 
2.4 Testing  

 
The compressive behavior of concrete specimen for  
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Fig. 2 Test setup 

 

 

each mix proportion was tested according to JGT/T70-2009. 

The loading setup was a YAW-3000 microcomputer 

controlled electro-hydraulic servo tester, as shown in Fig. 2. 

In order to obtain the complete stress-strain curves, the 

deformation rate of the test specimens was kept constant at 

0.3 mm/min. During the experiment, the axial compression 

and vertical deformation values of test specimens were 

automatically collected by the computer installed. Cubic 

compressive strength is obtained from the test. To obtain 

the strain values, two Linear Variable Displacement 

Transducers (LVDTs) were used to measure the 

displacement on the prism specimens. The prism 

compressive strength, corresponding to peak stress, is 

obtained directly from stress-strain curves. The modulus of 

elasticity (Ec) is calculated according to prism stress and 

prism strain, as follows 

2 1

2 0.00005

c c
cE

 



−
=

−
 

(1) 

in which σc2 is the stress corresponding to 40% of the peak 

stress, σc1 is the stress corresponding to a strain of 0.00005, 

and ε2 is the strain at the stress level σc2. 
 

 

3. Results and discussion 
 

3.1 Failure behaviour 
 

Fig. 3 shows the failure pattern of concrete specimens. 

As shown, when ordinary concrete is subjected to uniaxial 

compression failure, the cracks appear along the diagonal 

direction of the specimen, and then the splitting crack with 

a large width penetrates the whole specimen. The 

specimens are accompanied by some spalling and the 

specimen shape is changed due to the relative slip of the 

inclined shear failure interface. The failure pattern of NC 

belongs to the typical shear brittle failure. Compared with 

ordinary concrete, the failure cracks of crumb rubber 

concrete have obvious changes. The macro-failure cracks of 

crumb rubber concrete are basically parallel to the direction 

of axial pressure, and there is no phenomenon of failure 

crack penetration. The width and length of cracks are 

relatively small, the distribution of cracks is relatively 

    

Fig. 3 Failure pattern of concrete prism 

 

Table 3 Experiment results of the specimens 

Specimen Rubber content (%) fcu (MPa) fc (MPa ) Ec (GPa ) 

NC 0 38.3 26.4 26.9 

No.20 CR5 5 34.4 23.9 25.1 

No.20 CR10 10 30.4 21.1 22.6 

No.20 CR15 15 27.8 19.1 20.9 

No.40 CR5 5 34.1 23.4 24.6 

No.40 CR10 10 30.2 20.7 22.2 

No.40 CR15 15 27.3 18.6 20.4 

No.80 CR5 5 33.9 23.1 24.1 

No.80 CR10 10 30.1 20.1 21.5 

No.80 CR15 15 26.7 18.1 19.9 

Notes: fcu is cube compressive strength, fc is prism compressive 

strength. 

 

 

dispersed and the probability of intersection between cracks 

is low. Crumb rubber concrete under uniaxial compression 

has good integrity, no obvious spalling phenomenon, and 

the specimen shape has not changed, that is, the relative slip 

of the failure interface inside the concrete is very small. 

That is to say, the failure pattern of CRC belongs to the 

columnar compression failure. 

 

3.2 Compressive strength 
 

Table 3 gives the average values of experiment results. 

As can be seen from Table 3, Fig. 4, the cube compressive 

strength of concrete decrease with an increase in crumb 

rubber content. For example, the cube compressive strength 

of No .20 crumb rubber specimen with rubber contents of 

5%, 10%, 15% decreases by about 10.2%, 20.6%, 27.4%. 

This is probably due to the weaker bond between the rubber 

and the matrix. In addition, the cube compressive strength 

of concrete decrease as the crumb rubber size decreases. 

The cube compressive strength at 10% of No. 20, No. 40, 

No. 80 crumb rubber specimen are 30.4 MPa, 30.2 MPa and 

30.1 MPa, respectively. Based on the test results, Eq. (2) is 

proposed to determine the cube compressive strength of 

CRC 

𝑓𝑐𝑢,𝑐𝑟 = 𝑓𝑐𝑢 ∙ 𝑒
−2.175𝑟∙𝑑
𝑑−0.0169  (2) 

in which fcu,cr, fcu is the cube compressive strength of CRC 

and NC, respectively; r is the crumb rubber content, and d 

is the crumb rubber size. Fig. 5 shows a comparison 

between the calculated results using Eq. (2) and the  
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Fig. 4 Cube compressive strength of CRC 

 

 

Fig. 5 Comparison between calculated and measured cube 

compressive strength 

 

 

Fig. 6 Prism compressive strength of CRC 

 

 

measured results of cube compressive strength. It can be 

seen that the calculated results agree well with the measured 

results, implying that Eq. (2) being applied to the crumb 

rubber concrete. 

It can be seen from Table 3 and Fig. 6, the prism 

compressive strength is the same as cube compressive 

strength that it decreases as the crumb rubber content 

increase or the crumb rubber size decrease. And according 

to the measured results, the relationship between prism 

compressive strength and cube compressive strength can be 

proposed as follows 

,cr ,0.712 -0.848c cu crf f=  (3) 

in which fcu,cr, fc,cr is the cube compressive strength and 

prism compressive strength of CRC, respectively. The 

relationship between prism compressive strength and cube 

compressive strength is shown in Fig. 7. It can be seen that 

the calculated results using Eq. (3) are generally in good 

agreement with the measured results. 

 

Fig. 7 The relationship between prism compressive strength 

and cube compressive strength 

 

 

Fig. 8 Modulus of elasticity for CRC 

 

 

Fig. 9 Comparison between calculated and measured 

modulus of elasticity 

 
 

3.3 Elastic modulus in compression 

 

Fig. 8 shows modulus of elasticity of all concrete 

specimens. As shown, the modulus of elasticity of CRC is 

less than that of NC. The modulus of elasticity decreases 

with the increase in crumb rubber content at a given crumb 

rubber size. For example, the modulus of elasticity of No.40 

crumb rubber specimen with rubber contents of 5%, 10%, 

15% decreases by about 8.6%, 17.5%, 24.0%. And for a 

given crumb rubber content, the modulus of elasticity of 

CRC increases slightly as the crumb rubber size increases. 

The modulus of elasticity at 15% of No. 80, No. 40, No. 20 

crumb rubber specimen increases by about 25.9%, 24.0%, 

22.1%, respectively. 

Based on the test results, Eq. (4) is proposed to 

determine the modulus of elasticity for CRC 

2

cr

,

10

113.315
0.759

cu cr

E

f

=

+

 

(4) 
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Fig. 11 Peak strain of CRC 

 

 

in which Ecr, is the modulus of elasticity of CRC; fcu,cr is the 

cube compressive strength of CRC. Fig. 9 shows a 

comparison between the calculated results using Eq. (4) and 

the measured results of modulus of elasticity. It can be seen 

that the calculated results agree well with the measured 

results. 

 

3.4 Stress-strain curves 
 

Fig. 10 shows the complete stress-strain curves of CRC 

with different crumb rubber content. As noted, the shape of 

the ascending branch of the stress-strain curves for all 

concrete specimens present very similar regardless of the 

crumb rubber size and content. The shape is linear up to 

about 35% of the maximum stress and then it becomes 

parabolic. And it is worth mentioning that by adding crumb 

rubber increases the strain of the concrete under the same 

unit stress, and the higher the crumb rubber content is, the 

higher the strain will be; the lower the crumb rubber size is, 

the higher the strain will be. The reason may be the lower 

elastic modulus of the crumb rubber. And as previously 

described in this study, the modulus of elasticity decreases 

with the increasing of crumb rubber content. The shape of 

the descending branch of the stress-strain curves for all 

concrete specimens is also similar. However, the slope of 

descending branch increases as the crumb rubber content 

increases. Hence, this increase implies a decrease in the 

ultimate strain and an increase in the ductility of concrete. 

 

3.5 Peak strain and ultimate strain 

 

Fig. 11 shows the peak strain (at the maximum stress) 

 

 

Fig. 12 Comparison between calculated and measured peak 

strain 

 

 

of all concrete specimens. The peak strain of crumb rubber 

concrete is less than that of natural concrete. For example, 

the peak strain values of NC, No. 20CR5, No. 20CR10 and 

No. 20CR15 are 0.00175, 0.00171, 0.00166 and 0.00162, 

respectively. And with the increasing of the crumb rubber 

content, the values of peak strain decrease. For specimen 

No.40CR15 with a rubber content r=15%, the peak strain is 

decreased by about 7.45%. Fig. 11 also reveals that the 

crumb rubber size has some effect on the peak strain. The 

peak strains of concrete specimens increase with increasing 

crumb rubber size. Based on the test results, the following 

formula is proposed to determine the peak strain for the 

crumb rubber concrete as 

ocr 337.09 (1 0.481 0.014 )cf r d =  − +  (5) 

Where εocr is the peak strain of CRC, fc is the prism 

compressive strength of NC, r is the crumb rubber content, 

and d is the crumb rubber size. 

Fig. 12 shows a comparison between the calculated 

results using Eq. (4) and the measured results. It can be seen 

from Fig. 12 that the calculated results using Eq. (4) are 

generally in good agreement with the measured results for 

the specimens in this study. 

Fig. 13 shows the ultimate strain (at a stress level 

equals to 85% of the maximum stress) of all concrete 

specimens. It reveals that the ultimate strain decreases with 

increasing crumb rubber content. And it increases with 

increasing crumb rubber size. Fig. 14 shows the influence 

of the crumb rubber content on the εucr/εocr value of CRC. It 

can be seen that the εucr/εocr value of CRC is larger than that  

   
(a) No. 20CR with respect to NC (b) No. 40CR with respect to NC (c) No. 80CR with respect to NC 

Fig. 10 Typical stress-strain curves of crumb rubber concrete 
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Fig. 13 Ultimate strain of CRC 

 

 

Fig. 14 Dependence of εucr/εocr on rubber content 

 

 

of the normal concrete. This means that the CRC is less 

brittle with good ductility than that of the normal concrete. 

 
3.6 Modeling the stress-strain relationship 

 

In structural application of crumb rubber concrete, a 

model equation of the stress-strain curve for crumb rubber 

concrete is desirable and necessary for the structural 

analysis and design. As shown in section 3.4, the crumb 

rubber content and size have some influence on the shape of 

the stress-strain curve. Hence, in this study, a stress-strain 

model for CRC is proposed according to the test results and 

the analytical expression suggested by Guo and Zhang 

(1982) with some parameters redefined. Specifically, the 

normalized stress-strain relation is approximated by the 

following equation 

2 3

2

(3 2 ) ( 2) ,0 1

, 1
( 1)

ax a x a x x

y x
x

b x x

 + − + −  


= 
 − +

 (6) 

where, x=ε/ε0cr, y=σ/fc,cr, a and b are the constants to 

defining the ascending and descending curves, respectively. 

Based on the experimentally obtained stress-strain curves of 

CRC, parameters a and b are obtained by a regression 

analysis. The results are given as follows 

(0.0116 0.0109ln( 0.0645) 0.7266)

( 1.2103 0.2734ln( 0.5204) 0.0792)

r d d

r d d

a e

b e

+ + +

− + + +

=

=

g

g
 (7) 

As shown in Fig. 15, the using of the analytical 

expressions is in good agreement with experimental results 

 
(a) NC 

 
(b) No. 20CR5 

 
(c) No. 20CR10 

 
(d) No. 20CR15 

Fig. 15 Comparison of the normalized stress-strain curves 

 

 

implying that they can be applied to crumb rubber concrete. 

More studies are, however, needed to further validate the 

model for this concrete material.   

 

 

4. Conclusions 

 

Based on the results obtained from the experimental 

results, the following conclusions can be drawn: 
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(1) The typical failure mode of crumb rubber concrete is 

columnar compression failure. And the incorporation of 

crumb rubber in concrete either delays the failure of the 

concrete specimens or reduces of the degree of failure. 

(2) The compressive strength including the cube and 

prism compressive strength of CRC decrease with 

increase in crumb rubber content or with decrease in 

crumb rubber size. The cube compressive strength of 

CRC calculated by using the proposed equation Eq. (1) 

generally agrees well with the test results. The 

relationship between prism compressive strength and 

cube compressive strength of CRC calculated by using 

the proposed equation Eq. (2) is generally in good 

agreement with the measured results. 

(3) The modulus of elasticity of CRC decreases with the 

increasing crumb rubber content or with the decreasing 

in crumb rubber size in a fashion similar to that 

observed in compressive strength. Eq. (3) is proposed to 

determine the modulus of elasticity of CRC, and the 

calculated results are in good agreement with the 

measured results. 

(4) The crumb rubber size and content have some effect 

on the stress-strains of CRC. With the increasing of the 

crumb rubber content or the decreasing crumb rubber 

size, the peak strain decreases. The proposed equation 

Eq. (4) is well fit with the test results. 

(5) The proposed equation of stress-strain curve for 

crumb rubber concrete is in good agreement with 

experimental results implying that they can be applied to 

crumb rubber concrete. 
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