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ABSTRACT: Every year, tire generated from vehicles that is not biodegradable are increasing, and if it 

is not managed properly it could bring harm to the environment. Thus, this research was conducted to 

study the utilization potential of used tire as mortar material. Crumb rubber with size of 1 mm – 3 mm 

from waste tire was mixed as fine aggregate at 10% of sand volume in mortar mixture. In addition, silica 

fume was added as a binder at 10% and 15% of cement weight. Six series of cylindrical rubberized 

mortar specimen with size of 50 mm diameter and 100 mm height for compressive strength and 40 mm 

x 40 mm x 160 mm prism for flexural strength were prepared. Water to cement ratio was set at 0.35, 

0.30 and 0.25 and all series were tested on its fresh properties, compressive strength, flexural strength, 

hardened density and elastic modulus. Results shows the strength of rubberized mortar without silica 

fume achieved more than 50% of control mixture strength and gave a good resistance against brittleness. 

Meanwhile, addition of 10% silica fume in the mixture helped to increase the strength. In conclusion, 

this study strongly suggests the potential of the crumb rubber to be used as sand replacement with or 

without silica fume.  
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1. INTRODUCTION 

In Japan, 1.13 million ton of used tire is generated every year 

which is not biodegradable even after a long period of landfill 

treatment. These used tires are mostly used in fuel utilization 

industries, exporting industries and recycling industries.    

Research on utilizing this used tire as mortar/concrete 

mixture component has been continued since early 90’s [1]. 

Up-to-date, many successful achievements were reported by 

researchers around the world. However, in Asian cases, very 

rare information on the used tire as mixture component can be 

gathered. Thus, this research was conducted to study the 

potential of used tire as sand replacement in mortar mixture. 

All specimens were tested in the laboratory to identify the fresh 

properties; air content, workability, fresh density and hardened 

properties such as compressive strength, hardened density, 

modulus of elasticity and flexural strength. 

 

2. RESEARCH SIGNIFICANCE 

Utilization of used tire as crumb rubber in mortar could be a 

benchmark to concrete mixture. This will not only give benefits 

to the government in reduction of providing land for disposal, 

but also increase the economy growth in various sectors 

especially amongst construction industry.  

 

3. EXPERIMENTAL DETAILS 

3.1 Crumb Rubber as Sand Replacement 

The used tire rubber in this experiment was classified as 

crumb rubber, (CR) [2]. This CR is a by-product produced 

from used tire of vehicles (car, truck, etc.). The size of the CR 

ranges between 1 - 3 mm with density of 1.17 g/cm3 and was 

used directly as received from recycle plant without any 

washing procedure as shown in Fig. 1. In this study, 10% of 

sand volume was replaced by CR to determine its potential to 

be used as mixing material.  



 

Fig. 1  Crumb rubber 

 

3.2 Other Mortar Mix Component 

Sea sand was used as fine aggregate which was in saturated 

dry surface and 2.77 in fineness modulus. Ordinary Portland 

Cement (OPC) and silica fume (SF) with density of 3.16 g/cm3 

and 2.20 g/cm3 respectively were used as binder. In addition, 

silica fume was added at 10% and 15% of cement weight. The 

ether-based polycarboxylate superplasticizer with density of 

1.07 g/cm3 at 20oC temperature was used as chemical 

admixture at   1.0% to 1.5% based on binder content, which 

is below maximum allowed dosage of 5%. Air modifying 

agent was also used to control the air content. Physical property 

of sea sand is shown in Table 1.   

 

Table 1 Physical properties of sand 

Physical property Sea sand 

Density (SSD condition) (g/cm3) 2.58 

Water adsorption (%) 1.72 

Fineness modulus 2.77 

 

3.3 Mix Proportion 

Six series of rubberized mortar for water to cement ratio of 

0.35, 0.30 and 0.25 were prepared as shown in Table 2. Series 

1 is a control mixture which indicates the performance level of 

rubberized mortar. It is expected that CR will reduce the 

strength [3], thus the target compressive strength for series with 

CR was set to be at least 50% of control mixture in series 1. 

Table 3 shows the mix proportion used in this research.  

3.4 Description of Mixing Procedure 

Mortar mixing was done in a controlled room temperature at 

200C. Cement and water containing chemical admixture was 

firstly added and mixed for 30 seconds, followed by ½ sand 

and ½ rubbers adding  alternately until all sand and rubber 

completed, and was mixed for another 30 seconds. Then, the 

mixing machine was stopped to allow hand manual mixing. 

Finally, mixing was continued for an about 60 seconds that 

makes total mixing time, 2 minutes and 30 seconds. However, 

for water-to-cement ratio of 25%, total mixing time was 

extended to 3 – 4 minutes for better homogeneous mixture. All 

mixing were set at low speed rotation. 

Flow test was conducted on a plate and shocked for 15 times 

for 15 seconds. Meanwhile, air content was measured using 

pressure method. Then, mortar was casted in a cylindrical steel 

mould with size of 50 mm diameter and 100 mm length. In 

addition, 40 mm x 40 mm x 160 mm prism size specimen was 

also prepared for flexural test. After 24 hours, specimen were 

de-moulded and placed in water for 7 and 28 days curing under 

200C controlled temperature.  

 

Table 2 Series of rubberized mortar mix 

Series Mixture Description 

S1 Control Conventional mix OPC 

S2 0CR-10SF 100% OPC + 10% silica 

fume as binder 

S3 0CR-15SF 100% OPC + 15% silica 

fume as binder 

S4 10CR-0SF 10% crumb rubber and 

100% OPC as binder 

S5 10CR-10SF 10% crumb rubber and 

100% OPC + 10% silica 

fume as binder 

S6 10CR-15SF 10% crumb rubber and 

100% OPC + 15% silica 

fume as binder 

 

4. RESULT AND DISCUSSION 

4.1 Fresh Mortar Properties 

Mortar flow, air content and fresh density was measured after 

mixing and results are shown in Fig.2, Fig.3 and Fig.4. It was 

observed that for overall mortar flow performance, the flow 

decrease with reduction of water in the mix except for series 

containing silica fume. From this figure, even with rubber, 

mortar indicates the good workability even low dosage of 

chemical admixture. 

Fig. 3 presents the air content result of the mixture. Fedroff et 

al. [4] reported that higher air content should be expected when 

mixed with rubber as mixture component. However, in this 

research, it was observed that air content for series S4 (CR 

only) was lower compared with control mix. This result may 

be due to the use of air modifying agent. The largest effect can 

be seen in the mixes with water to cement ratio of 0.35. Air 

content of rubberized mortar with silica fume rapidly increased. 

However, this effect of air modifying agent is totally 

contradicted with water to cement ratio of 0.25. 

In Fig. 4, it is clearly seen that the density of rubberized 

mortar decreased due to low density of rubber compared with 

control mix. Addition of silica fume in the rubber mixture gave 

additional density reduction. Meanwhile, due to increasing in 

total binder in the mixture, mixture with w/c of 0.25 show 

higher density value which ranges from 2.20 g/cm3 to 2.29  



g/cm3, with w/c = 0.30, ranging from 2.11 g/cm3 to 2.25 g/cm3 

and with w/c = 0.35, ranging from 2.03 g/cm3 to 2.25 g/cm3. 

4.2 Compressive Strength and Elastic Modulus 

Results are presented in Fig. 5 and Fig. 6. A systematic 

reduction can be seen in the mixture with CR with and without 

silica fume in 7 days and 28 days. At 7 days, the minimum 

strength is more than 30 N/mm2 which means that all mixture 

gave acceptable strength value at early stage and it kept 

increasing until 28 days. In Fig. 6, control mixture (series S1) 

achieved almost 80 N/mm2 strength meanwhile the strength for  

series S4 (CR only) achieved more than 45 N/mm2 for water to 

cement ratio of 0.35 and the strength increased for lower water 

to cement ratio. This shows that, mixture with CR alone gave 

strength more than 50% of control mixture strength. Mixture 

with silica fume gave improvement in strength value, and 

when 10% of silica fume was added in CR mixture, it helps to 

increase the strength slightly. The small increment in strength 

by silica fume may be due to higher air content in the silica 

fume mixture. It is necessary to control the air content between 

4%-5% to give good comparison between non-silica fume 

mixtures.  

Meanwhile, addition of 15% SF (series S6) gave slightly 

higher strength compared to 10% silica fume addition (series 

S5). Thus, considering high price of silica fume, and small 

effect of 15% silica fume addition, it is recommended the use 

of silica fume to 10% as adequate replacement ratio due to the 

economical reason. 

Relationship between compressive strength and hardened 

density is presented in Fig.7. Linear relationship is shown for 

each series mixture and in mixtures with CR, the density and 

compressive strength is lower compared to those of the control 

mixture with and without silica fume. However, the density 

was more than 90% of that of control mixture. Thus, in case of 

producing lightweight mixture, it is necessary to increase the 

percentage of CR up to the accepted level.  

The results of modulus of elasticity test are given in Fig. 8 to 

Fig. 10. As expected, replacing the sand with CR reduced the 

elastic modulus. Basically, aggregates with higher elastic 

modulus gave higher elastic modulus [5]. Thus, the present of 

CR in the mixture gave lower elastic modulus compared to  

Table 3 Mix proportion of mortar 

w/c Water Cement Silica Fume
Fine
Agg

Crumb
Rubber

Control 0.35 217 619 0.0 1514 0.0
0CR-10SF 62 1442 0.0
0CR-15SF 93 1406 0.0
10CR-0SF 0.0 1364 69
10CR-10SF 62 1292 69
10CR-15SF 93 1255 69
Control 0.30 201 669 0.0 1514 0.0
0CR-10SF 67 1436 0.0
0CR-15SF 100 1397 0.0
10CR-0SF 0.0 1364 69
10CR-10SF 67 1286 69
10CR-15SF 100 1246 69
Control 0.25 182 728 0.0 1514 0.0
0CR-10SF 73 1429 0.0
0CR-15SF 109 1386 0.0
10CR-0SF 0.0 1364 69
10CR-10SF 73 1279 69
10CR-15SF 109 1236 69

kg/m
3
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                   Fig.2 Mortar flow                 Fig. 3 Air content of the rubberized mortar 

                                              using pressure method 
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Fig.6 Strength development of rubberized mortar         Fig.7 Relationship between compressive  

at 28 day strength                                and hardened density at 28 days 
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        Fig.4 Density of rubberized mortar in fresh state         Fig.5 Strength development of rubberized mortar  

                                                            at 7 days 
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    Fig.8 Relationship between compressive strength        Fig.9 Relationship between compressive strength 
and elastic modulus for w/c = 0.35 at 28 days            and elastic modulus for w/c = 0.30 at 28 days 

 



 

control mixture. 

 

4.3 Flexural Strength 

Fig. 11 show results of flexural strength at 28 days. A clear 

behavior can be seen from this figure, that is, flexural strength 

of CR mixture is low. Referring to series 4, a reduction of 10% 

with respect to the control specimen was observed in the 

mixture with water to cement ratio of 0.35, and almost 15% 

reduction in water to cement ratio of 0.30.  However, inverse 

behavior was observed in water to cement ratio of 0.25 where 

no reduction was occurred. Addition of silica fume in series 4 

mixture increased the behavior of flexural strength of 

rubberized mortar.  

Table 4 shows the ratio of flexural strength to compressive 

strength, showing a good ratio ranging from 1/5 to 1/7. From 

this table, mixture with CR only gave ratio 18.6%, 19% and 

18% for water to cement ratio 0.35, 0.30 and 0.25 respectively. 

This indicates that mixture with crumb rubber both with and 

without silica fume gave good resistance to brittleness 
 

Table 4 Ratio of flexural strength to compressive 

 strength (%) 

0.35 0.3 0.25

Control 12.3 14.0 12.5

0CR-10SF 12.5 15.7 12.1

0CR-15SF 12.3 15.0 12.1

10CR-0SF 18.6 19.0 18.0

10CR-10SF 15.6 18.3 19.6

10CR-15SF 16.0 15.8 18.5

w/c
Description

 

 

 

5. CONCLUSION 

From this research, several conclusions can be drawn as 

follows, 

(1) All mixture series gave a good workability with respect to 

containing crumb rubber with and without silica fume, 

even low chemical admixture dosage were used. 

(2) Air content decreased up to 20% reduction ratio for 

rubberized mortar compared to control mixture in series 

S4 for w/c = 0.35.  

(3) Due to low density of rubber, density of series S4 mix 

(10% crumb rubber, 100% OPC as binder, 0% SF) 

decreased compared to the control mix. 

(4) As expected, using crumb rubber as mixture component 

decreased the strength, however, in this research, the 

strength of rubberized mortar achieved more than 50% of 

control mixture strength. Meanwhile, elastic modulus also 

decreased due to low elastic modulus of rubber.  

(5) 10% addition of silica fume in rubber mixture gave 

slightly strength increment in rubberized mortar, and the 

effect of 15% silica fume replacement was also same. 

Thus, it is suggested that the silica fume to 10% addition 

is adequate level.  

(6) In flexural strength test, crumb rubber gave a good 

resistance against brittleness and this advantage may be 

due to the rubberized.  

Overall, it is recommended that usage of 10% crumb rubber as 

sand replacement has a good potential to be further study in 

future especially in concrete mixture with water to cement ratio 

of 0.35. The use of silica fume can be 10% addition, since 15% 

silica fume addition gave almost the same performance with 

 

Fig.10 Relationship between compressive 
strength and elastic modulus for w/c = 0.25 at 28 

days 
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 This study is focusing on physical properties, such as strength and abrasion resistance, of crumb rubber 

mixed mortar. Also, effectiveness of crumb rubber on in-plane displacement under compression was 

studied by using two-dimensional digital image correlation method. Deformation of mortar surface 

containing 10% crumb rubber and 10% silica fume before and after compression loading was digitally 

recorded and measured. Meanwhile, abrasion test was carried out to achieve better understanding on the 

crumb rubber effect against surface abrasion wearing. Experimental results show that axial strain under 

compression was larger in mortar with crumb rubber followed by the strength reduction. As for abrasion 

test, crumb rubber could give significant improving effect on wear resistance in the mixture with the 

water to cement ratio (w/c) of 0.35 and 0.30, however, this effect cannot be found in w/c = 0.25.  

1．Introduction 

Research on utilizing the used tire rubber from vehicles as 

concrete material started in 1994 by Eldin and Ahmad Senouci 

which focusing on strength characteristics1). High reduction in 

compressive strength due to the rubber leads to development 

of various methods to achieve the accepted structural strength 

level. In this study, effect of crumb rubber on the distribution 

of the surface strain under compression stress is measured 

using digital image correlation method (DICM). In order to 

determine strain, DIC method can be classified as non-

destructive test, with extra benefits; low-cost and time-saving, 

compared to the method using strain gage2).  

The effectiveness of crumb rubber to improve wear 

resistance tested by using surface abrasion test was also 

discussed in this paper. Research done by Filipe Valadares et 

al.3) on various rubber replacement ratio and size shows 

significant benefit in enhancing the abrasion resistance. Thus, 

an experimental study was conducted to see the behavior of 

crumb rubber with silica fume on abrasion wear resistance 

under different water to cement ratio.  

 

2．Experimental Program 

2.1 Materials, mix proportion and specimen preparation  

Crumb rubber (CR) with density of 1.17g/cm3 and size 

between 1mm-3mm was added in the mortar at 10% of sand 

volume replacement. Other materials were ordinary portland 

cement, sea sand and silica fume (10% of cement weight 

addition). The ether-based polycarboxylate superplasticizer 

with density of 1.07 g/cm3 at 20oC temperature was used as 

chemical admixture at 1.0% to 1.5% based on binder content, 

below maximum allowed dosage of 5%. Air modifying agent 

was also used to control the air content. Physical property of 

the materials is shown in Table 1.  

Table 1 Physical properties of materials 

Component 
Physical 

properties 
  

Ordinary 

Portland Cement

Density, g/cm3 3.16 

Silica fume Density, g/cm3 2.20 

Sea Sand Density, g/cm3 

(SSD condition) 

2.58 

  Water absorption 

(%) 

1.72 

  Fineness modulus 2.77 

Ether-based 

polycarboxylate 

superplasticizer 

Density, g/cm3 1.07 

Air modifier 

agent 

Density, g/cm3 1.00 

 



 Several series of mixture were prepared as shown in Table 

2. S35-1 and S35-2 (w/c = 0.25) were tested in DICM at 14 

days, meanwhile all other series with w/c of 0.35, 0.30 and 

0.25 were tested for abrasion at 28 curing days. Specimens 

were prepared in two shape; 100 x 100 x 100mm of cube size 

for DCIM test and 50 x 100mm cylinder size for abrasion test. 

2.2 Digital image correlation method  

 The objective of this test was to study the strain 

distribution of rubberized mortar surface under compression 

loading. Two dimensional image correlations were taken by 

using a digital device that connected to the computer to 

measure the surface deformation before and after compression 

loading test as shown in Fig. 1. In order to capture the 

displacement image, specimen surface should be flat, and must 

have random speckle pattern either naturally existed or 

artificially made by spraying the black or white paints on the 

surface4). Strain distribution is calculated by comparing the 

two images under different loading using a motion movement 

of square reference subset. Reference subsets are used for 

tracking the motion of its center point as shown in Fig. 2. The 

displacement vector is calculated to determine the εx, εy and 

εxy. In this study, two series of specimen were tested, which 

were S35-1 as control specimen and S35-2 with 10% CR 

replacement without silica fume. Images were taken at every 

50kN compression load increment until failure. In addition, 

strain gages were attached on both side of specimen in x and y 

direction to measured stress-strain distribution. 

2.3 Abrasion test 

 This test was carried out to measure the CR effectiveness 

on surface wearing resistance using abrasion machine shown 

in Fig. 3. Three series of specimen were prepared at each w/c 

shown in Table 2. Cylinder specimen was cut into three small 

parts and both surface of each part should be flat and 900. Data 

Table 2 Mixture of rubberized mortar 

Series 
SF/C 

(%) 

CR/(S+CR) 

(Vol. %) 

w/c 
Water

W 

Cement

C 

Silica Fume 

SF 

Sand 

S 

Crumb Rubber 

CR 

  kg/m3 

S35-1 

S35-2 

0 0 0.35 217 619 0.0 1514 0.0 

0 10       0.0 1364 69 

S35-3 10 10       62 1292 69 

S30-1 0 0 0.30 201 669 0.0 1514 0.0 

S30-2 0 10       0.0 1364 69 

S30-3 10 10       67 1286 69 

S25-3 0 0 0.25 182 728 0.0 1514 0.0 

S25-2 0 10       0.0 1364 69 

S25-3 10 10       73 1279 69 

 

 

 

(a) Schematic diagram 

 

(b) Experimental setup 

Fig. 1 DCIM measurement device 

 

 
 

(a) Searching area on the specimen surface; the small thick 
white square is the reference subset 

 
(b) Reference square subset before and after the 

deformation 
Fig. 2 Mechanism of capture image 



such as weight and depth were recorded at every 500 abrasion 

rotation to maximum rotation of 4000. Silica sand was used as 

contact material in order to give friction on mortar surface. 

 

3. Result and Discussion 

3.1 Physical properties of rubberized mortar 

 Fresh and hardened properties of rubberized mortar are 

shown in Table 3. Mixtures with crumb rubber were lower in 

flow and this action can be seen clearly when w/c is decreasing. 

Meanwhile, addition of silica fume in binder reduces the 

mortar flow but increased air content. Dosage of chemical 

admixture was increased to avoid dry mixtures due to low w/c 

and silica fume. 

 The presence of crumb rubber in the mixture reduces the 

hardened strength of the rubberized mortar but 10% silica fume 

addition helps to increase slightly the strength. Due to low 

elastic modulus of crumb rubber itself, the elastic modulus of 

hardened mixture is also decreased. 

3.2 Strain due to in-plane displacement of specimen surface 

(1) Strain by digital image correlation method 

 Result of strain distribution due to compression loading in 

y-direction is presented in Figs. 5-6. The full displacement 

field was determined by comparing the corresponding 

coordinate of the subset before and after the compression test. 

Then the axial, transverse and shear strain was calculated using 

strain relationship equation. Compressive strength for control 

specimen (S35-1) was 74.3N/mm2, meanwhile specimen with 

crumb rubber (S35-2) reached ultimate cube compressive 

strength of 54.2N/mm2. It was observed that larger axial strain 

was observed from edge side surface towards center of 

 
Fig. 3 Abrasion test machine 

 

 
(a) S35-1 

 

 
(b) S35-2 

 
Fig. 4 Crack pattern on mortar surface 

 

 

Table 3 Fresh and hardened properties of rubberized mortar 

Properties S35-1 S35-2 S35-3 S30-1 S30-2 S30-3 S25-1 S25-2 S25-3 

Flow (mm) 226 207 175 190 193 213 149 170 207 

Air content (%) 5.2 4.2 7.8 5.6 4.7 6.9 5.8 5.7 4.2 

Cube compressive 

strength at 14 days 

(N/mm2) 

74.1 54.3 - - - - - - - 

Cylinder compressive 

strength at 28 days 

(N/mm2) 

78.4 47.0 49.5 81.4 49.7 51.9 93.3 66.1 70.6 

Flexural strength 

(N/mm2) 

9.7 8.7 7.7 11.4 9.4 9.5 11.7 11.9 13.8 

Elastic modulus at 28 

days (kN/mm2) 

36.3 31.9 36.5 39.7 31.4 32.3 44.9 33.7 34.5 

 



specimen surface as load increased. Observing the axial strain 

distribution for both S35-1 and S35-2, the strain was -2.46x10-

3 and -3.36x10-3 respectively. The S35-2 sustains larger 

displacement compared to S35-1 and it failed at 520kN as 

ultimate load. Meanwhile, S35-1 has small displacement and 

this displacement kept increasing until failure load of 720kN. 

This proved the mechanism of compressive strength reduction 

due to the crumb rubber in the mixture. 

 Meanwhile in transverse strain, local strain was initiated at 

330kN load and 360kN for S35-1 and S35-2 respectively. In 

S35-1, the local strain kept increasing until the elastic limit at 

about 630kN and surface crack was occurred as the load 

increased as shown in Fig. 4. As for S35-2, cement matrix 

reached elastic limit around 500kN and the local strain started 

to reduce the ultimate load. 

(2) Stress-strain relationship 

 Figure 7 shows relationship between stress and strain for 

S35-1 and S35-2 resulted from DIC method and strain gage 

method. Control mixture shows maximum stress around 

70N/mm2, meanwhile 10%CR mixture shows more than 

50N/mm2 cube strength. Due to the crumb rubber in the 

mixture, compressive strength decreased about 30%. As 

proved in previous discussion, this mixture (S35-2) sustains 

larger displacement compared to control mixture that leads to 

strength reduction. As for S35-2, the difference between DICM 

and strain gage method was observed. This can be due to the 

random distribution of the crumb rubber, that is, the surface 

under strain gage and the surface measured by DCIM image 

was different. 

Fig. 7 Stress-strain relationship of cube rubberized mortar 

at 14 days curing age. 

 

(a) Axial strain (b) Transverse (c) Shear strain

(c) Shear strain(a) Axial strain (b) Transverse strain 

Fig. 5 Strain on S35-1 due to 420kN compression load 

Fig.6 Strain on S35-2 due to 420kN compression load  



3.3 Surface resistance against abrasion 

(1) Depth loss and weight loss 

 Figures 8 and 9 show the depth and weight loss of mortar 

after abrasion tests. In all samples, it was observed that the 

abrasion increased with the increase of abrasion rotation. 

As explained by Filipe Valadares et al.3) in their research, 

rubber can resist against wear better than cement matrix, thus 

during the test, the rubber particles jut out from the surface and 

prevent the cement matrix from the wearing action. However, 

in this study, crumb rubber did not have any effect in 

improving the wearing resistance in mixture with w/c = 0.25. 

This may be due to the low elastic modulus of crumb rubber 

that is not able to accommodate with the increasing of 

hardened matrix strength. It leads to a weak bonding which 

caused bond cleavage between crumb rubber and cement 

matrix when subjected to rotation load.  

(2) Relationship with compressive strength 

Fig. 10 shows relationship between depth loss and 28 days 

compressive strength at 4000 abrasion rotation. According to 

G. Singh, in his study on waste foundry sand5), mixture with 

higher strength could lead to an increase in abrasion resistance 

improvement. However, from this figure, inverse behavior is 

observed in mixture of w/c = 0.25 where the depth loss 

increased up to 0.6mm and 0.7mm compared to mixture with 

w/c = 0.35 when crumb rubber is added. From these results, it 

was observed that compressive strength is an important factor 

affecting the abrasion resistance. 

 

(a) w/c = 0.35 

(b) w/c = 0.30 

(c) w/c = 0.25 

Fig. 8 Depth loss versus abrasion rotation of rubberized 

mortar at 28 days 
 

 

(a) w/c = 0.35 

(b) w/c = 0.30 

 
(c) w/c = 0.25 

Fig. 9 Weight loss versus abrasion rotation of rubberized 

mortar at 28 days 



4．Conclusions 

From this study, several conclusions can be drawn as 

follows, 

1. In fresh properties, crumb rubber as sand replacement 

material reduces the workability of the mixture and 

increase the air content. 

2. For hardened properties, compressive strength was 

decreased with the addition of crumb rubber. 

3. Axial strain was larger in the mixture with crumb rubber 

compared to the mixture without crumb rubber at same 

stress level. 

4. Local strain was progressively developed in both mixture 

with and without crumb rubber, until their elastic limits at 

500kN and 600kN, respectively. 

5. In abrasion test, crumb rubber shows good potential in 

providing high abrasion resistance to cement matrix. 
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Fig. 10 Relationship between depth loss and compressive 

strength at 4000 abrasion rotation 
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ABSTRACT 
In this study, crumb rubber was used as fine aggregate at 10%, 15% and 20% sand volume 
replacement to produce rubberized concrete with satisfied compressive strength. Rubberized 
concrete was tested on its fresh properties, mechanical strength and effective diffusion coefficient 
of chloride ion. In addition, silica fume as 10% of cement was added to investigate the effect on 
the strength and resistance against chloride penetration. Results shows mechanical strength 
reached to the acceptable value for satisfied strength as structural concrete and chloride ion 
resistance was improved with silica fume. 
Keywords: Rubberized concrete, strength, air content, chloride ion diffusion coefficient  

 
 
1. INTRODUCTION 
 

The worldwide increase in used tyre which is 
biodegradable industrial waste is expected with 
increasing population of man and traffic which 
developed environmental problems. According to the 
European Association of Tyres and Rubber Producer, 
3.2 millions of used tyre in 2009 were retreated and 
reused, recycled and used for energy production [1].  

In concrete performance, utilization of used tyre 
as concrete components has been studied since 1990`s 
in terms of strength characteristics and durability. The 
utilization of this material is important to decrease the 
negative impact to the environment. On the other hand, 
the use of de-icing salt in cold country, could lead to 
penetration of chloride ion into the concrete pores 
which can cause a problem if it reached steel 
reinforcement. Corrosion of steel reinforcement makes 
the structure distress and high cost of maintenance and 
repair are required to overcome this problem. In the 
worst case, it could lead to the structural collapse.  

Thus, this research was conducted to produce 
concrete with satisfied strength using simple way of 
materials preparation and mixing procedure. In addition, 
this concrete, named as rubberized concrete could give 
good resistance against chloride ion penetration into the 
concrete. This will give benefits to structure in 
aggressive environment such as marine environment 
and structure exposed to high chloride ion.  

 
2. SPECIMEN PREPARATION AND TESTING 

 
2.1 Crumb rubber as fine aggregates 

Crumb rubber (CR) is by-product produced from 
used tyre of vehicles. The size of CR ranges between 
1-3mm with density of 1.17g/cm3 as shown in Fig.1.                    
The presence of rubber in the mix cause almost 85% of 

strength reduction which lead to various ways to 
increase the strength by either washing the rubber or 
pre-coating the rubber [2]. Thus, in this research, the 
CR was used directly as received from recycled plant 
without any washing procedure in producing rubberized 
concrete. 
  

 
 

Fig. 1 Crumb rubber 
 

2.2 Other concrete mix components 
Ordinary Portland cement (OPC) was used as 

the main binder and silica fume (SF) was added at 10% 
weight of OPC in several mixes to investigate the effect 
on strength development. Sea sand passing 5mm sieve 
with density of 2.58 g/cm3 and water absorption of 
1.72 % which was less than 3.5% as stated in JIS 
standard was used as fine aggregate. Meanwhile, 
crushed stone with 20mm maximum size was used as 
coarse aggregate. All aggregate were prepared under 
surface saturated dry condition. As for workability, 
ether-based polycarboxylate superplasticizer was added 
at 0.5%-0.7% of 5% maximum allowable dosage. Air 
content was controlled by using air-entrained agent (to 
increase air content) for mixing without SF and 
air-modifying agent (to reduce air content) for mixing 
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with SF. Table 1 shows details of physical properties of 
concrete mix components. 
 
2.3 Selection of water to cement ratio 

Mortar mixing was firstly conducted in order to 
determine suitable water to cement ratio for rubberized 
concrete mix. Four group of w/c of 0.25, 0.30, 0.35 and  
 

Table 1 Physical properties of materials 

0.40 were conducted. From mortar mixing, it was found 
that w/c of 0.40 achieved low compressive strength 
thus in further study, other w/c (0.25, 0.30, 0.35) with 
addition of silica fume were mixed [3]. 

From this initial study, w/c of 0.35 was chosen 
for concrete mixture in terms of fresh properties control, 
satisfied compressive strength and flexural strength. In 
addition, testing on resistance against abrasion of the 
mortar showed good correlation between the abrasion 
resistance and compressive strength for w/c = 0.35.  

 
2.4 Mix design and specimen preparation 

Four series of rubberized concrete without SF 
and three series of rubberized concrete with SF was 

prepared as shown in Table 2. From previous research, 
50% strength reduction was the maximum strength 
target, thus, in this research; a simple way of mixing 
procedure was introduced with the target compressive 
strength for mixes with CR was set to be 50% with 
respect to the control mix in order to achieve strength 
under excepted structural strength. 

All concrete mixing was done in 20oC controlled 
room. Coarse aggregate was firstly added in the mixing 
drum, followed by OPC and sand. As for series with SF, 
SF and OPC were pre-mixed in the plastic bag before 
added in the mixing drum. Meanwhile, CR and sand 
were mixed sufficiently until all sand and CR 
completely added. All these materials were dry mixed 
and after 30 seconds, water was added and continued 
for additional 90 seconds mixing. Then, the mixing 
drum was stopped for the hand mixing. When all 
materials were ensured as well mixed, mixing drum 
was finally continued for 60 seconds, and then total 
mixing time became 3 minutes. 

 
2.5 Testing procedure 

In this research, air content was set as ranging 
from 4% to 5%. Fresh rubberized concrete were casted 
in cylindrical casting-metal mold with size of 100mm 
diameter and 200mm length, followed by water curing 
for 7, 28, 56 and 91 days, then compressive strength 

test was done. At 28 days, splitting tensile test and 
chloride ion migration test was prepared. Meanwhile, 
for flexural test, specimen was prepared in 10cm x 
10cm x 40cm size prism specimen, and water cured 
until 28 days.  

For chloride ion migration test, cylindrical 
sample were cut into 100mm diameter x 50 mm 
thickness. Test was carried out according to 
JSCE-G571-2003 to measure chloride ion migration 
from cathode towards the anode through the pore 
solution of rubberized concrete under the influence of 
15V constant voltage as shown in Fig. 2. When the 
increment rate of chloride ion in the anode side 
becomes constant, it is assumed as steady state  

 

Table 2 Mix proportion of rubberized concrete 

Water Cement Silica
Fume

Fine
Aggregate

Crumb
Rubber

W C SF S CR G1 G2 Ether-based
polycarboxylate

superplasticizers

Air-entrained
agent

Air modifying
agent

(Vol.%) (%) % % %

Control 0 0 0.35 160 457 0 741 0 608 405 0.5 0.8
10CR-0SF 10 667 34 0.5 0.8
15CR-0SF 15 629 50 0.7 0.8
20CR-0SF 20 594 67 0.7 0.7
10CR-10SF 10 10 0.35 160 457 46 613 34 608 405 0.7 1.5
15CR-10SF 15 575 50 0.7 2.2
20CR-10SF 20 540 67 0.7 2.8

CR/(S+CR)Series w/c

kg/m3

Coarse
Aggregate

SF/C

Chemical Admixture

 

 

Component Physical properties

Ordinary Portland
Cement

Density, g/cm3 3.16

Silica fume Density, g/cm3 2.20

Crumb Rubber Density, g/cm3 1.17

Fine Aggregate Density, g/cm3 (SSD condition) 2.58

Water absorption (%) 1.72
Fineness modulus 2.77

Coarse Aggregate Density, g/cm3 2.91

Ether-based
polycarboxylate
superplasticizer

Density, g/cm3 at 20oC 1.07

Air entrained agent Density, g/cm3 1.04

Air-modifying agent Density, g/cm3 1.00



 

 
 

(a) Schematic diagram 
 

 
(b) Experimental setup 

 
Fig. 2 Migration cell 

 
condition and effective diffusion coefficient, De was 
calculated by using Nernst-Planck Equation [4],  

 

           (1) 

 
where, De is effective diffusion coefficient in cm2/year, 
R is gas constant = 8.31 J/mol K, T is absolute 
temperature in K units, ZCl is charge of chloride ion    
= -1, F is Faraday constant = 96,500 C/mol, CCl is 
measured chloride ion concentration in cathode side in 
mol/l units, ΔE-ΔEc is electrical potential difference 
between specimen surfaces in V units and L is length of 
specimen in mm. 
 
3. RESULT AND DISCUSSION 

 
3.1 Fresh properties 

Air content and concrete slump result are 
presented in Table 3. As mentioned above, the only 
controlled parameter in this research was the air content 
ranging from 4%-5%. Air content could be controlled 
as 4 -5%, by using air-entraining agent for mix without 
SF, and air-modifying agent for mix with SF. 

Meanwhile, it was difficult to control the slump 
value in CR mixed concrete both for non SF mix and 
SF mix. From the previous research [5], it was 
predicted that the slump is decreased when CR is added, 

thus dosage of chemical admixture was increased up to 
0.7%. The same behavior was observed in this 
experiment. The control of slump is still problem when 
mixing crumb rubber concrete.  

Segregation was controlled by reducing the 
amount of water and increasing the cementitious 
materials and aggregate for w/c = 0.35. Meanwhile, the 
use of superplasticizer which was specially designed for 
the low w/c, helps to prevent segregation or drying of 
the mixture.  

 
Table 3 Fresh properties of rubberized concrete 

Mixture series Air content (%)
Slump 
(cm)

Control 4.7 7.0

10CR-0SF 5.1 6.0

15CR-0SF 4.5 19.5

20CR-0SF 4.0 19.5

10CR-10SF 4.2 10.0

15CR-10SF 4.1 9.0

20CR-10SF 4.2 15.5
 

 
 

3.2 Hardened properties 
Compressive strength for 7, 28, 56 and 91 days 

for both mixed with and without SF is presented in Fig. 
3 and Fig.4. A systematic strength increment can be 
seen in all mixes. At 28 days, strength for 20% CR 
addition without SF was more than 40N/mm2, on the 
other hand, control mix was almost 70N/mm2 where 
reduction of strength by crumb rubber was about 43%. 
This strength reduction became lesser when 10% and 
15% of CR replacement. The mechanism of strength 
reduction was discussed by Moncef Nehdi [6] where 
three possible reasons were discussed; firstly the rubber 
is much softer than the cement paste, secondly rubber 
may be viewed as voids in concrete mix thus it gave 
weak bonding between the rubber particles and cement 
paste and thirdly due to the density, size and hardness 
of the aggregates. From result of the compressive 
strength test, the method of mixing used in this 
experiment was categorized as simple way in producing 
rubberized concrete with satisfied strength. 

Meanwhile, addition of 10% SF in all rubberized 
concrete slightly increased the mechanical strength and 
improved the strength reduction for about 10-15%. And, 
strength was still increased until 91 days. 

Fig 5 and Fig 6 shows the 28 days of flexural 
and splitting tensile strength for all mixes. The presence 
of CR in the mixture reduced both flexural and tensile 
strength slightly as with CR addition for each mixes 
with and without SF. It was clearly seen that the 
strength reduction was less than 10% compared to 
control mix and it was implied that this reduction was 
much smaller than that in compressive strength; where 
the reduction was more than 10%. However, 
substitution of 10% SF in the mixed helped to improve  



0

10

20

30

40

50

60

70

80

0 20 40 60 80 100

C
om

pr
es
si
ve
 s
tr
e
ng
th
, N

/m
m

2

Days

0CR‐0SF 10CR‐0SF

15CR‐0SF 20CR‐0SF

 
Fig. 3 Strength development of rubberized 

concrete without silica fume 
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Fig. 4 Strength development of rubberized 

concrete with 10% silica fume 
 

the bonding between cement paste and CR, where 
flexural and splitting tensile strength showed higher 
strength compared with control mix. 

 
3.3 Effective chloride ion diffusion coefficient, De 

Fig. 7 and Fig 8 shows the relationship between 
De and 28 days compressive strength of rubberized 
concrete for all mixes. From this figure, it was found  
that CR could gave benefits in providing resistance on 
chloride ion migration through the concrete. The same  
pattern can be observed when SF was added in the 
mixture. 

The highest resistance in chloride ion migration 
through concrete was clearly seen when SF was used as 
additional binder for about 60-65% reduction compared 
to control mix. This may be due to the ultrafine particle 
of SF which allowed it to fill the voids between cement 
particles and aggregate particles [7]. Good filling of 
concrete paste lead to the reduction of porosity and 
provide dense concrete.  

Referring to the literature, both strength and 
chloride transport characteristics are linked to the pore 
structure of the rubberized concrete [8]. Thus, this 
relationship shows that even though the strength was 
reduced, the positive improvement in chloride ion 

migration resistance indicates that the pore structure of 
the rubberized concrete was still under accepted level. 
This behavior was clearly seen when 10% SF was 
added in the rubberized mixed. 
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Fig. 5 Flexural strength of rubberized concrete at 

28 days 
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Fig. 6 Splitting tensile strength of rubberized 

concrete at 28 days 
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Fig. 7 Relationship between effective chloride ion 
diffusion coefficients and compressive strength at 
28 days of rubberized concrete without silica fume 
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Fig. 8 Relationship between effective chloride ion 
diffusion coefficients and compressive strength at 
28 days of rubberized concrete with silica fume 

 
4. CONCLUSION 

 
From this research, several conclusions can be 

drawn as follows, 
 

1. Addition of CR and silica fume in the mixture 
makes air content control in concrete very difficult. 
Thus, selection and usage of air-modifying agent 
was important to make air content in concrete as 
4-5%. 

2. Increment of crumb rubber in the mixture 
decrease the workability behavior for both 
rubberized concrete with and without silica fume. 

3. Due to the low density of crumb rubber, 
compressive strength reduction of 43% was 
observed in 20% crumb rubber mixed without 
silica fume and this reduction was improved when 
silica fume was added.  

4. Addition of 10% SF improved the resistance of 
rubberized concrete against chloride ion. And also 
CR addition reduced chloride ion migration 
coefficient of concrete. 

5. Chloride transport characteristics were improved 
by increasing the amount of CR due to the fact 
that CR has the ability to repel water. 
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