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Abstract 

 
Waste materials utilization has been a very important aspect in the concrete 

manufacturing to develop the green construction in the last decade. The disposal of 
waste tyres is one of the most problematic issues in the present scenario. The use of 
waste tyres in the concrete production is very important to control the waste 
accumulation and preserve the natural resources. The aim is to investigate the effect 
of partial replacement of sand by waste tyre crumb rubber in the production of concrete 
paver blocks. The specimens were prepared for 5%, 10%, 15%, 20% and 25% 
replacements by volume for sand. M40 grade concrete was designed and used in   
this study. The paver blocks were prepared in the industry and tested in the 
laboratory to determine the impact resistance. The test results revealed that the 
impact resistance for both first crack and ultimate failure increased with an increase in 
the crumb rubber content up to 25%. 
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1 Introduction 

Recycling of waste tyres are considered as one of the major environmental 
challenges faced by every country. Many countries follow two easiest ways of 
disposing. Firstly, burning of tyres and secondly, used as a landfill due to low density 
and poor degradation. Nowadays some of the countries do not accept the burning 
method because while burning the waste tyres, large amounts of smokes is 
produced which will mix into the natural air and lead to the environmental issues. 
The second method of landfill techniques also not advisable because of uneven 
settlement and the stagnation of storm water during rainy season as this will 
produce the mosquitoes which spread many diseases. Hence this becomes a more 
dangerous health hazard [1 -3]. 

Several investigations were done on the effect of waste tyre crumb rubber 
replacement for sand (or) aggregate in the concrete mixtures  and  few  studies 
were done with waste tyre powder as a replacement of cement. These studies 
indicate that the presence of rubber  in  concrete  seems  to  reduce  the 
compressive strength and enhance the elastic behaviour. [4-5] 

The size of the crumb rubber also influences the strength of the concrete. 
The use of coarse crumbs gave lower compressive strength than the fine crumbs. 
Even though, the strength of concrete seems to reduce by the addition of crumb 
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rubber, there are several other properties of concrete that are beneficial. For example, 
concrete mixed with crumb rubber is found to have lower density, higher impact 
and toughness resistance, enhanced durability and better sound insulation. 

In this study, the performance of Precast Concrete Paver Blocks (PCPB) with 
waste tyre crumb rubber as a partial replacement of fine aggregate, under drop 
weight impact loading is examined.  The drop weight impact test was conducted on 
PCPB added with waste tyre crumb rubber as the replacement of 5%, 10%, 15%, 
20% and 25% by volume of fine aggregate. The impact energies to induce the first 
visible crack and ultimate failure on each paver block were investigated. 

2 Materials and methods 

 Materials 
Ordinary Portland cement of 53 grades was used in this study and it 

conforms to IS 12269:1987 [6]. 
The physical properties are presented in Table 1. 

 

Table 1: Physical properties of cement 
Sl. 
No 

Property Results Limits as 
per IS 
12269:1987 

 
1 

 
Fineness (m2/kg) 
(Specific surface) 

 
290 

 
>225 

2 Initial setting time 
(minutes) 

85 <30 

3 Final setting time 
(minutes) 

280 <600 

4 Soundness 
By Le-Chatelier 

1 <10 

5 Compressive strength 
7 days (N/mm2) 

28 days (N/mm2) 

 
38.60 
56.96 

 
>37 
>53 

Locally available river sand passing through 4.75 mm IS sieve conforming 
to grading zone III as per IS: 383-1970 [7] having a fineness  modulus  of  2.51 
and a specific gravity of 2.65. 

The coarse aggregate used in the concrete mixtures was crushed granite stone, 
having the maximum size of 12.5 mm, a fineness modulus of 5.94 and a specific 
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gravity of 2.72. Sieve analysis was performed on the coarse aggregate, according 
to 
IS:383-1970 [7]. 

Shredding and chipping is the mechanical process of shredding tyres into 
particles up to 4.75 mm. A tyre shredder is a machine with a disc  of  cutting  
edges, rotating in one direction to create a shearing motion, that effectively cuts   
or shreds tyres as they are fed into the machine. In the present study a shredded 
rubber is used as partial fine aggregate replacement. Sieve analysis  was  
performed as per IS: 383-1970 [7]. Crumb rubber is a fine material with gradation 
is close to that of river sand and the gradation curves are shown in Figure 1. The 
fineness modulus is 3.72 and specific gravity is 0.84. Figure 2 shows the crumb 
rubber used in the current study. 

 

Figure 1: Gradation of sand and crumb rubber 
 

Figure 2: Crumb Rubber 
 

Light Brown colour Super plasticizer (Sika Visco Crete 20HE)  was  used  to 
improve the workability with the specific gravity of 1.08. 

 
 Manufacturing concrete paver blocks 

Paver block manufacturers followed two methods of specimen preparation as 
follows: 

(i) Wet cast method 
(ii) Dry cast method 

In the dry casting method low water – cement ratio (0.30 to 0.36) was used. It 
has a zero slump and the forms can be stripped as soon as the concrete has been 
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compacted. A dry casting method is especially followed for the mass production 
because it requires expensive equipments. In Wet casting method the concrete 
should have a minimum water cement ration of 0.4. In the wet casting method the 
concrete is placed in the rubber moulds and leveled off by using a rake or similar. 
Table vibrator is then used to compact the concrete, filling any small voids,  
forcing any small air pockets/ bubbles expelled via the open top surface (which 
will become the base of  the finished paved blocks). After a successive period      
of vibration all the moulds are moving on to the storage area. In this method, the 
curing is not required because the sufficient water is present in the mould in the 
hydration process. For that all the moulds  are  covered  by  the  plastic cover to 
avoid the evaporation of the water. The moulds are manually removed as soon as 
24 hours after casting. After demoulding all the specimen thickness and surface 
were checked. In this current study, paver blocks of size 250 mm X 120 mm X 80 
mm were produced by using a wet casting method. M40 grade concrete had 
cement, fine aggregate and coarse aggregate in the ratio  of 1: 2.20: 2.66 with  
water  – cement ratio of 0.4. The     mix was designed as per IS 10262 [8] and the 
target strength was found to be 48.25 MPa. Fine aggregate was partially replaced 
with crumb rubber by volume (5%, 10%, 15%, 20% and 25%). The identification 
and details of the specimens are presented in Table 2. 

 
Table 2: Mix proportions 

Mix 
ID 

Details 
of mix 
ID 

C FA CA CR W/C SP 

R0 Control 
mix 

1 2.27 2.65 0 0.42 0.04 

R5 5% FA 

replaced 
by CR 

1 2.08 2.65 0.19 0.42 0.04 

R10 10% FA 
replaced 
by CR 

1 1.97 2.65 0.30 0.42 0.04 

R15 15% FA 
replaced 
by CR 

1 1.86 2.65 0.41 0.42 0.04 
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R20 20% FA 
replaced 
by CR 

1 1.75 2.65 0.52 0.42 0.04 

R25 25% FA 
replaced 
by CR 

1 1.64 2.65 0.63 0.42 0.04 

Note: 
C – Cement, FA- Fine Aggregate, CA- Coarse Aggregate, CR- Crumb 
Rubber, W/C – Water – Cement ratio and SP – Superplaticizer. 

 
 

2.3 Test setup and procedure 
A 4.54 kg weight was lifted to 0.457m above the specimen and then released. 

The drop weight impact testing machine is shown in figure 3. The impact load was 
applied  via  the  free  fall  of  the  drop weight onto a centre of  the paver block by the 
guidelines of ACI committee 544.2R-89 [9]. The weight was dropped repetitively and 
the number of blows required for the first visible crack and the complete failure of the 
specimens was noted. The failure of the specimen during the testing was shown in 
figure 4. The impact energy was calculated for each paver block using the following 
equation. nmv2 

 

Figure 3: Impact Testing Machine 
 
 
 

Figure 4: Failure Specimens after Impact Testing 
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3 Results and Discussion 

 Impact energy 
The number of blows required for producing the first visible crack and the 

complete failure for each type of paver blocks is presented in Table 3. Based on the 
number blows the first crack impact energy and failure impact energy were 
calculated by using Eqn. (1) and plotted in Figure 5. As compared to conventional 
concrete paver blocks, the first crack impact energy was increased by 34.48%, 
51.23%,  71.92%,  91.62%  and  112.31%  and the  failure  impact  energy  was 
increased  by  35.81%, 53.02%,  74.88%,  96.27%  and  118.14%  to  5%,  10%, 
15%, 20% and 25% of sand replaced by crumb rubber by volume respectively. 

Hence it was observed that, increasing the replacing  percentage  of  
shredded rubber increases the impact energy of paver blocks significantly, in both 
the first crack stage as well as failure stage  [10-12].  The impact  resistance  of 
R25 is approximately twice than R0 (CPB) because of crumb rubber absorbs more 
energy. This proves that the rubber act as a  fibre  and effective crack arrestor, 
when an impact load is encountered. Thus the plain concrete exhibits an early brittle 
failure when compared to FRC which shows better ductile properties [13]. The 
mode of failure of concrete depends upon the cement matrix strength, aggregate 
strength and bond strength of fibre with aggregate matrix. 

Average, statistical value of first crack and failure impact energy and the 
number of test specimens for each PCPB at the level of 5%, 10%, 15%, 20% and 
25% of crumb rubber replacement by sand volume are presented in Table 4 and 
Table 5 respectively. 

In this study, paired t-test was mainly used to determine whether the average 
impact energy (first crack and failure stage) for PCPB with different percentage 
crumb rubber content is  compared  to  the control concrete (without crumb 
rubber). 

At the statistical level of 0.05 (95% level of confidence), its required to   
have tα critical value of 2.571 with the degree of freedom of 5. The t- statistical 
values were calculated and presented in Table 4 and Table 5. The statistical 
analysis results show at a 0.05 level of significance and the calculated t- statistical 
values are greater than the critical value (tα). Therefore, it is possible to show the 
significant difference in the average impact energy at first crack and failure 
conditions between control PCPB and 5%, 10%, 15%, 20%, 25% of crumb rubber 
content. 

 
 Ductility index 

Ductility index is defined as the ratio of energy absorbed at failure to energy 
absorbed at first crack [14]. In  the ductility index  may quantitatively represent  
the ductility of the paver blocks. Figure 6 shows the variations of the ductility 
index of the wet cast paver blocks based on the crumb rubber 
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replacements at various percentages.  It  was  observed that the ductility index 
value increases if the percentage of the crumb rubber increases in the concrete mix. 
The sand replacement by crumb rubber (5%, 10%, 15%, 20% and 25%) increases 
the ductility index by 0.93%, 1.16%, 1.82%, 2.3% and 2.94%. 

 

4 Conclusions: 

 
• The impact resistance of paver blocks was investigated for  the  paver  

blocks with partial replacements of 5%, 10%, 15%, 20% and 25% volume  
of sand by waste tyre crumb rubber. 

• The impact resistance of the paver blocks was mainly calculated in two stages; 
(i) First cracks- impact resistance and (ii) Failure impact resistance. Both 
stages of impact resistance were increased by the replacement of sand with 
crumb rubber up to 25% by volume of sand. The ductility index also 
increased with the crumb rubber content increases up to 25%. 

• All the test results are statistically validated by using paired t – test and proved 
that both first crack and failure impact resistance were statically significant. 
The results show that 25% of rubber content replacement fine aggregate 
considerably increase the impact energy in case of CPB with crumb rubber 
when compared to conventional CPB. 

• The incorporation of rubber content to concrete, changes, the failure pattern 
from brittle mode to ductile, which displays the beneficial effects of CPB 
with crumb rubber, used in absorbing vibrations. 
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