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Abstract 

Breakthrough have been made continuously in the field of sustainable materials in the 
recent decades. The disposal of used tires and crush stones is a major environmental 
problem causing environmental hazards. Concrete is globally acknowledged as an excellent 
structural material. As a result, the use of rubber and recycled coarse aggregates in concrete 
mixing would be an essential research. The literature review focus on the recent research on 
the properties of recycled coarse aggregates concrete and rubberized concrete. In addition, 
information of different types of drop weight test would be provided. Furthermore, the key 
findings of impact resistance of rubberized concrete with recycled coarse aggregate would 
be identified and recommendations of future search would be made. 

 

1. Introduction 

A literature review is made for the research proposal of impact resistance of crumb rubberized concrete 

with recycled coarse aggregates. Moreover, plenty of journals are read to conduct a well-presented 

literature review. The environmental concrete in the research consists both rubber and recycled coarse 

aggregates. However, most of the research focus on crumb rubberized concrete or recycled aggregate 

concrete separately.  The literature review provides the previous tests results for both rubberized 

concrete and recycled aggregate concrete. Serval different test methods for impact resistance have 

been developed in recent decades. Moreover, it will be described and compared in this literature 

review. Furthermore, some recommendations by previous researchers are listed and an exclusive 

summary of the literature review is made to conduct the key findings to support the research on impact 

resistance of crumb rubberized concrete with recycled coarse aggregates.   

2. The Properties of Recycled Coarse Aggregates Concrete 

The environmental impact has been taken into consideration in the field of construction in the recent 

decades. Recycled materials have been used in the production of concrete. The most common used 

material to produce coarse aggregate for the production of sustainable concrete is recycled aggregates 

(Rahal 2007). Recycled aggregates are produced by crushing concrete from the construction site or 

road pavement. According to the research by Rahal (2007), wasted concrete on the demolished sites 

constitute the larger resource for recycled coarse aggregates in the Arabian Gulf region. Therefore, it is 

necessary to have a further study for recycled coarse aggregates. Although most of the research 

allocate RAC have a decreasing in both compressive strength and elastic modules, the rate of 

decreasing could be different. According to the research by Ravindraraj, Steward & Greco (2000), the 

test results indicate 9% decreasing in compressive strength for 100% replacement of coarse aggregates 

with recycled aggregates. However, the test result from Frondistou-Yannas (1977) indicates 45% 

decreasing with the same percentage for the replacement of coarse aggregates. Four mixes RCA were 

produced with 0%, 25%, 50% and 100% replacement of recycled coarse aggregates (Etxeberria et al. 

2007). It indicates that the absorption capacity and the humidity level of recycled aggregates could 
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affect the test result and the humidity level must be high for recycled coarse aggregate.  It was found 

RAC with 100% replacement of recycled coarse aggregates has 20-25% less compression strength 

than conventional concrete at 28 days with a same effective w/c ratio of 0.5 and cement quantity 

325k/m^3. Moreover, medium compression strength 30-45Mpa concrete with 25% replacement of 

recycled coarse aggregates could achieve the same mechanical properties at 28 days by using same 

w/c ratio and cement level. To achieve the same mechanical properties at 28 days as the conventional 

concrete for medium compression strength 30-45Mpa concrete made with 50% and 100% replacement 

of recycled coarse aggregates, a 5%-10% increasing on cement and 4%-10% decreasing in w/c ratio 

would be needed. In addition, Chakradhara Rao, Bhattacharyya and Barai (2011) conducted that the 

improvement in compressive strength of RAC from 28 days to 90 days is not significant, a future study 

is recommended to be taken on a long-term test for compressive strength. Although the elastic modulus 

could be lower than conventional concrete, the tensile strength could be higher than the conventional 

concrete.   According to the research by Kwan et al. (2011), the test results show that a “sudden drop” 

would occur while the replacement of recycled coarse aggregates is higher than 30%. The results that 

the median of the whisker plot for 60% replacement of recycled coarse aggregates has dropped by 

36.7% compared to 30% replacement of recycled coarse aggregates. Moreover, three is no significant 

reduction in compressive strength with 30% replacement of recycled coarse aggregates. As a result, 

Kwan et al. (2011) conducted that the optimum level of mix proportion for the replacement of recycled 

coarse aggregates would be 30%.  

3. The Properties of Crumbed Rubberised Concrete  

The short lifetime of tyres lead to a waste of rubber, therefore, rubberised concrete has been commonly 

used in recent decades to achieve the increasing requirements of environmental impact. According to 

the research by Li, Mills, Benn & Ma (2014), the compressive strength of Rubberised Concrete is 

slightly lower than the conventional concrete. Moreover, the increasing in the percentage of 

replacement in rubber could lead to a decreasing the compressive strength.  The mix studies indicate a 

38% decreasing in compressive strength for RC with 18% replacement of rubber, a 27% decreasing in 

compressive strength for RC with 15% replacement of rubber. However, the compressive strength of 

RC with 18% replacement of rubber could still achieve 32MPa which is suitable for most of the 

structural design. The abrasion resistance could be improved by 160%, 183%, 225% and 333% with 

9%, 12%, 15% and 18% replacement of rubber. Moreover, Khaloo, Dehestani & Rahmatabadi (2008) 

indicate that the increasing in percentage for the replacement of rubber could lead to a large reduction 

in ultimate strength and the tangential modulus of elasticity. Furthermore, Khaloo, Dehestani & 

Rahmatabadi (2008) conducted that more than 25% replacement of rubber is not recommended due to 

a consideration of the decreasing in ultimate strength. Khatib & Bayomy (1999) has also suggested that 

the rubber content should not exceed 20% of the fine aggregate volume due to the reduction in strength 

from a practical viewpoint.  

4. Early Drop-weight impact test  

The drop-weight machine is commonly used for testing on sustainable crumbed rubber concrete in the 

past several decades. The earlier impact resistance testing on sustainable crumbed rubber concrete was 

done the UK in 1996 by Fattuhi and Clark (1996).  

After the test specimens were prepared, a 30kg drop hammer rig was used to perform the impact test. 

Admittedly, the drop height of the hammer was set up as 3.0 meters. Moreover, a compression testing 

machine has been used to determine the maximum compressive loads for each test specimens. It was 

found that the compressive strength and density of miscellaneous mixes reduced while more rubbers 

were added, which has shown in table 2 below. Fattuhi and Clark (1996) conducted that the rubber 

might act as voids which carry a negligible load, and it leads to the decrease in strength.  
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Furthermore, the result indicates that wider crack might be expected for the rubberized concrete slab 

(Fattuhi & Clark 1996). However, future studies could be done regarding this research, for example, 

this experimental research does not have rubber size and rubber pre-treatment conditions in the 

experimental parameters.  

5. Drop-weight impact test for crumb rubberized concrete with estimation of 

energy absorbed. 

According to the research by Sallam et al. (2008), repeated drop-weight test is one of the simplest 

ways for examining the impact resistance. It could find the number of blows that cause a crack in the 

test specimen. Meanwhile, the number presents a qualitative estimate of energy absorbed by the test 

specimen. Repeated drop-weight impact test was done with three different percentage of crumbed 

rubber replacing of fine aggregate (10%, 20%, and 30%)It was found that the compressive strength of 

concrete and tensile strength have decreased due to the replacement of sand by crumb rubber. 

Furthermore, the test results indicate that the failure mode of plain concrete with additional silica fume 

was more obvious than the failure mode of rubberized concrete with same additional silica fume. 

(Sallam et al. 2008).  To sum up, a more detailed result could be provided by drop weight test 

combined with estimation of energy absorbed by the material.  

6. Drop-weight impact test for recycled aggregate concrete. 

Chakradhara Rao, Bhattacharyya and Barai (2011) conducted an experiment for the behavior of 

recycled aggregated concrete (RAC) by using drop-weight impact test.. Firstly, four RAC mixes were 

carefully prepared, these four concrete mixes contain 0%, 25%, 50% and 100% recycled aggregates 

respectively. The drop-weight impact machine has a steel hammer of 50 mm diameter and the mass of 

the hammer is 5kg, and this hammer is set to drop from 0.225meter height above the test specimens 

(Chakradhara Rao, Bhattacharyya & Barai 2011).  The experimental results indicated that the both 

tensile and compressive strength of recycled aggregates concrete decrease with the increasing of 

recycled coarse aggregate content. Moreover, it was found that 100% RCA have a much higher tensile 

and compressive strain than conventional concrete. However, the influence on strains for 25% RCA is 

much lower with the drop weight test. Furthermore, the impact resistance decreases with the increasing 

in the percentages of recycle coarse aggregates (Chakradhara Rao, Bhattacharyya & Barai 2011).  In 

conclusion, drop weight test has also been used to define the impact resistance recycled aggregate 

concrete.   

7. Literature Reviews Summary 

To sum up, crumb rubberized concrete has higher impact and abrasion resistance than traditional 

concrete (Khalil, Abd-Elmohsen & Anwar 2015). However, most of the research indicated that the 

compressive strength of crumb rubberized concrete decreases with replacing of rubber (Al-Tayeb et al., 

2013, Sallam et al. 2008, Khalil, Abd-Elmohsen & Anwar 2015, etc). Moreover, replacement of 

rubber for aggregate or cement causes the reduction in the flexural strength for both grades (Ganjian, 

Khorami & Maghsoudi 2009). Drop weight impact test has been used for testing impact resistance for 

rubber concrete since 1996(Fattuhi & Clark 1996). The impact test is keeping modifying in recent 

decades, energy absorbed by specimens have also been taken into consideration. The drop-weight 

impact test also found the compressive and tensile strength of recycled aggregate concrete decreases 

with the increasing in recycled coarse aggregate content. In addition, the impact resistance of recycled 

aggregate concrete reduced while the percentage of recycled coarse aggregate increased (Chakradhara 

Rao, Bhattacharyya & Barai 2011). Furthermore, finite element method is used to simulate the 

rubberized concrete subject to the impact resistance (Al-Tayeb et al., 2013). Although varieties of 

research regarding impact resistance of crumb rubberized concrete and recycled coarse concrete were 

done, the research for the impact resistance of crumb rubberized concrete with recycled coarse 
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aggregates is limited. As a whole, a research on impact resistance of crumb rubberized concrete with 

recycled coarse aggregates is highly recommended. Therefore, the following results have been 

summarised to support the research on impact resistance of crumb rubberized concrete with recycled 

coarse aggregates. 

1. To achieve an acceptable compressive strength, the percentage for the replacement of recycled 

aggregates could reach 80% with the DoE (Department of Environment in the UK) mix design. There 

is no significant reduction in compressive strength with 30% replacement of recycled coarse 

aggregates. A “Sudden Drop” on compressive strength could occur while the percentage for the 

replacement of recycled aggregates is higher than 30%.  

2.  The density of the recycled aggregates is less than natural aggregates, and the water absorption of 

recycled aggregates is higher than natural aggregates. 

3. The percentage of volume for the replacement of rubber is recommended to be less than 20% due to 

a consideration of the decreasing in ultimate strength. 

4. 25% RCA does not have much reduction in compressive strength, and it was found the improvement 

in compressive strength from 28 days to 90 days is not significant. A longer term test is recommended 

for the future study.  

5. The impact resistance of RAC reduces with the increasing percentage of RCA. However, the impact 

resistance of RC increases with the increasing percentage for the replacement of rubber while the 

replacement is less than 10%.  

6. The workability of RC is higher than conventional concrete, however, the value of slump does not 

increase with the increasing percentage for the replacement of rubber. 10% extra water need to be 

added to achieve the same slump value for RAC.  
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