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Abstract: Concrete road barriers are widely used for safety by separating traffic in 

opposite directions. However, when subjected to impact loads such as road accidents, 

the road barrier can only absorb slight energy. This study intends to investigate energy 

absorption of modified rubberized concrete under low velocity impact loads. The 

design of the concrete mix containing treated and untreated crumb rubber (CR), the 

prediction of the modified rubberized concrete (MRC)’s penetration depth and its 

energy absorption was studied. The size of MRC blocks are 300 mm × 300 mm × 200 

mm for seven (7) specimens, which are one (1) control (0% CR, 0%RHA), three (3) 

untreated CR (5% + 10% RHA, 10%+ 10% RHA, 15% + 10% RHA) and three (3) 

treated CR (5% + 10% RHA, 10%+ 10% RHA, 15% + 10% RHA) were design. 

Initially, the penetration depth was obtained from previous study and the projection 

of its energy absorption were then calculated using the empirical formula. From the 

result, it is proven that using MRC blocks with 15% treated CR is the optimum choice 

to be applied to produce the road barrier. 

 

Keywords: Treated and Untreated Crumb Rubber, Concrete Mix, Penetration 

Depth, Energy Absorption 

 

1. Introduction 

The conventional concrete is used for all purposes as the concrete not only hold up normal loading 

such as weight, but also can resist the impact loading due to eruption or ballistic effect [1]. Concrete 

properties being modified by the inclusion of appropriate waste substances is a popular field in concrete 

research area [5]. In this study, waste tire particles which is crumb rubber (CR) is selected as the 

substitution of fine aggregate to feasibly remedy or the solution for its shortcomings [1]. The reason 

why CR is chosen because of its elasticity characteristic. In addition, CR is deformable particles that 
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could improve certain concrete properties [6]. Besides, 10% Rice Husk Ash (RHA) is also used as 

cement replacement in Modified Rubberized Concrete (MRC). The presence of RHA in concrete 

escalate the strength of MRC [1]. In order to reduce damaging and some are lethal accidents with the 

road barrier, modification of the road barrier is needed in terms of altering its element [10]. The impact 

severity between vehicles and road barrier have resulting many casualties and damages to vehicles and 

as the years passed by, the number of victims continued to rise. Therefore, to minimal the harm, MRC 

is created to improve the performance of conventional concrete in terms of plasticity and energy 

absorption when it is subjected to impact loads [7]. The modification of the MRC by the addition of 

RHA will increased the compressive strength of the concrete and increase the penetration depth of the 

MRC when subjected to impact loads. The objective of this study are to design the concrete mix 

containing treated and untreated CR as well as to predict the energy absorption of modified rubberized 

concrete by utilizing empirical formula. 

This project involves the design of the concrete mix containing treated and untreated CR and 

prediction of penetration depth of the MRC blocks. Three (3) specimens with different percentage (5%, 

10%, and 15%) of untreated CR and 10% RHA, three (3) specimens with different percentage (5%, 

10%, and 15%) of treated CR and 10% RHA, and a specimen with 0% for CR and 0% for RHA act as 

control were prepared. The CR were soaked into sodium hydroxide (NaOH) solution with 1 mol 

concentration to produce treated CR. The untreated and treated CR were replaced by volume for fine 

aggregate and the RHA were replaced by mass for the cement. As for the design of the concrete mix, 

before the fabrication of the MRC blocks can be done, the materials needed are calculated using 

concrete mix design form. The dimensions of the MRC blocks are 300 mm × 300 mm × 200 mm [2]. 

The data obtained which is the penetration depth using prediction from the previous study and it was 

analyzed using the empirical formula [1]. The prediction made in this study are based on the previous 

research findings by Mokhatar et al., [2]. 

2. Materials and Method 

The materials composition for concrete mix are shown in Table 1. Materials such as cement, water, 

fine aggregate and coarse aggregate were obtained from the concrete mix design form and 2 kg of 

sodium hydroxide pellets were needed to treat the CR. The dimension of MRC block as illustrated in 

Figure 1. The length and width of the block is 300 mm and its height is 200 mm, respectively. 

The length of the block is 300 mm, width is 300 mm and height 200 mm. 

Table 1: Material composition 

Material Total (kg) 

Cement: 405 

Water: 190 

Fine Aggregate: 760 

Coarse Aggregate: 1045 

Sodium Hydroxide (NaOH): 2.0000 
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Figure 1: Dimension of the MRC block 

For each specimen, the specific amount of cement, water, fine aggregate, coarse aggregate, RHA, 

and treated and untreated CR were calculated using the information from Table 1. NaOH was used to 

soak CR and were calculated. The percentage of untreated and treated CR as well as RHA are shown 

in Table 2. 

Table 2: CR and RHA percentages for each specimen 

Specimen CR percentage RHA percentage 

A 0% 0% 

B 5% untreated CR 10% 

C 10% untreated CR 10% 

D 15% untreated CR 10% 

E 5% treated CR 10% 

F 10% treated CR 10% 

G 15% treated CR 10% 

 

Figure 2 depicted the graph of MRC block with untreated CR against penetration depth. The curve 

was plotted based on previous study data and the trend line of the graph were extended.  

 

Figure 2: Graph percentage of CR against penetration depth 

The equation (1) is produced from Figure 2, and rearranged accordingly to produce equation (2). 

Both equations used to predict the penetration depth pf MRC with untreated CR, where Y denoted as 

the percentage of untreated CR and X is the penetration depth of MRC with untreated rubber. 

     𝑌 = 1.8258𝑋 − 6.315      𝐸𝑞, 1  

     𝑋 =
𝑌+6.315

1.8258
       𝐸𝑞. 2 
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 Next, based on the penetration depth of untreated CR data, the penetration depth for treated CR 

can be also predicted accordingly. Based on the previous study, MRC with treated CR exhibit 5% higher 

performance. Thus, the penetration depth for the MRC blocks with treated CR can be determined using 

equation (3). Z is denoted as the penetration depth of MRC with treated CR. 

     𝑍 = 1.05𝑋      𝐸𝑞. 3 

The energy absorption was calculated using the empirical formula as stated in equation (4). Ea is 

denoted as energy absorption. The impact force released by the impactor as expressed in the 

experimental study are from the steel weight, which is equal to 80 kg. the acceleration of earth’s gravity 

is 9.81 m/s2 and X can be denoted as penetration depth. 

     𝐸𝑎 = 𝑚.𝑔. 𝑋      𝐸𝑞. 4 

2. Results and Discussion 

The design of the concrete mix for the MRC blocks containing different percentages of CR and RHA 

were calculated and tabulated as in Table 3. 

Table 3: The design mix result for each MRC blocks 

Specimen 

No. 

of 

Spe. 

Type of 

Crumb 

Rubber 

CR 

Percentage, % 

Cement, 

kg 

Water, 

kg 

F. 

Agg., 

kg 

C. 

Agg, 

kg 

RHA, 

kg 

CR, 

kg 

A 1 
- 

0 8.748 4.104 16.416 22.572 0.000 0.000 

 3  26.244 12.312 49.248 67.716 0.000 0.000 

B 1 

Untreated 

CR 

5 
7.873 4.104 15.595 22.572 0.875 0.303 

 3 23.620 12.312 46.786 67.716 2.624 0.908 

C 1 
10 

7.873 4.104 14.774 22.572 0.875 0.605 

 3 23.620 12.312 44.323 67.716 2.624 1.816 

D 1 
15 

7.873 4.104 13.954 22.572 0.875 0.908 

 3 23.620 12.312 41.861 67.716 2.624 2.724 

E 1 

Treated 

CR 

5 
7.873 4.104 15.595 22.572 0.875 0.303 

 3 23.620 12.312 46.786 67.716 2.624 0.908 

F 1 
10 

7.873 4.104 14.774 22.572 0.875 0.605 

 3 23.620 12.312 44.323 67.716 2.624 1.816 

G 1 
15 

7.873 4.104 13.954 22.572 0.875 0.908 

 3 23.620 12.312 41.861 67.716 2.624 2.724 

 

Every specimen was calculated according to the size of MRC block which is 300 × 300 × 200 mm. 

The design mixes for each specimen were considered 20% materials getting stuck in the concrete mixer 

machine. The density of sand and CR is essential to calculate the CR replacement for fine aggregate by 

volume. The CR was replaced by volume rather than mass due to the CR are much lighter. Meanwhile, 

the 10% RHA was used as cement replacement by mass. Each of the specimen were prepared for three 

(3) samples. Throughout the fabrication process, it is shown that treated CR mixes absorb water much 

quicker than the untreated mix due to its chemical treatment method. 

The result for the penetration depth of MRC blocks with untreated CR were calculated using 

equation (2), while for MRC blocks with treated CR were calculated using equation (3). All results were 

as recorded in Table 4. 

Table 4: Penetration depth of MRC blocks with untreated and treated CR 
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Percentage of CR (%) Penetration depth of 

untreated CR (mm) 

Penetration depth of treated 

CR (mm) 

5 6.1973 6.5071 

10 8.9358 9.3826 

15 11.6743 12.2581 

The energy absorption of every specimen were calculated using equation (4) by considering the 

penetration depth value. All results are tabulated in Table 5. 

Table 5: Energy absorption of the MRC blocks 

Specimen Type of CR 
CR 

percentage, % 

Impact 

velocity, 

m/s 

Penetration depth of 

each specimen, mm 

Energy 

absorption, Nm 

A - 0 

4.000 

3.410 2.676 

B 

Untreated CR 

5 6.197 4.864 

C 10 8.936 7.013 

D 15 11.674 9.162 

E 

Treated CR 

5 6.507 5.107 

F 10 9.383 7.363 

G 15 12.258 9.620 

 

Subsequently, two graphs were plotted as presented in Figure 3 and Figure 4, in order to clearly 

analyze the different percentages of untreated and treated CR effecting the penetration depth and the 

energy absorption of the MRC blocks. 

 

Figure 3: Untreated & treated CR percentage against penetration depth 

Figure 3 shown the graph of untreated and treated CR percentage against the penetration depth. 

This graph was plotted from data obtained in Table 4. In this graph, both of the lines exhibit the 

increasing linear trend. Both of the penetration depth for the untreated and treated CR were plotted and 

compared in this graph. The graph proven that MRC blocks using treated CR depicts higher penetration 

depth than untreated CR. This trend also supported by previous studies that using treated CR with 
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NaOH. Generally, this treatment method for CR can improve the concrete’s performance in term of 

penetration depth and energy absorption [2], [3] and [4]. It is shown that MRC block with 5% of 

untreated CR has the lower penetration depth than other percentage of untreated and treated CR which 

is 6.1973 mm. Meanwhile, the highest penetration depth is MRC blocks with 15% of treated CR about 

12.2581 mm. Overall, the lowest penetration was recorded is the conventional concrete with 0% of CR 

and 0% RHA with only 3.41 mm. 

 

Figure 4: Untreated & treated CR percentage energy absorption 

Figure 4 shown the graph of untreated and treated CR percentage against the energy absorption. 

This graph was plotted from data obtained in Table 5. In this graph, both of the lines exhibit the 

increasing linear trend as well. Both of the energy absorption for the untreated and treated CR were 

plotted and compared in this graph. According to the empirical formula for the energy absorption as 

shown in equation (4), the relationship between the penetration depth and the energy absorption is 

directly proportional. Therefore, as the penetration depth increase, the energy absorption increase. 

Hence, the graph exhibits the similar trend as in Figure 3. It is shown that MRC block with 5% of 

untreated CR has the lower energy absorption than other percentage of untreated and treated CR which 

is 4.8636 Nm. Meanwhile the highest energy absorption is the MRC blocks with 15% of treated CR 

with .9.6201 Nm The lowest penetration was recorded is the conventional concrete with 0% of CR and 

0% RHA with 2.6762 Nm. 

3. Conclusion 

The behaviour of the MRC mixes were observed during the fabrication process. It is shown that the 

MRC mixes with treated CR able to incorporate with other materials better than normal mixes. This is 

due to the untreated CR still have the zinc stearate layer which carry the role for hydrophobic (repels 

water) feature of the rubber and made the CR has lower adhesion to other materials in the mixes [8] and 

[9]. Next, it can be concluded that in order to achieve the highest penetration depth and energy 

absorption, MRC block with 15% treated CR is the optimum specimen. Thus, the objective to predict 

the energy absorption of the modified rubberized concrete by utilizing empirical formula were 

effectively accomplished. 
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