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EXPERIMENTAL STUDY OF HYBRID RUBBERIZED
COMPOSITE SLABS
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Rubberized concrete is made up of scrap tyre rubbers where the fine aggregate is partially replaced by it, as the waste
rubber is being a threat to the environment. It is estimated that only 4% of the waste tyre is used in the application of
civil engineering and also there is shortage of fine aggregates. The primary objective of this study is to investigate the
preliminary concrete properties of M25 and M30 concretes. The fine aggregate is replaced by pre-treated crumb rubber
with 10, 15 and 20 % of total weight. Various tests are conducted on the rubberized concrete specimens such as
compressive strength, split tensile strength, flexural strength and slump test. The investigation is carried out to determine
the impact load behavior of hybrid rubberized composite slabs. In addition 0%, 1%, 1.5%, and 2% of replacement of
rubber fibers for total weight of coarse aggregate is also made. The specimen of size 300 mm x 300 mm x 50 mm thickness
is subjected to drop hammer test to find its performance against the impact loads. The number of blows for the first crack

and complete failure of slab was found and the characteristics were studied.

Keywords: Crumb rubber, Rubberized concrete slab, Impact test, Energy absorption, Ductility Index.

1. INTRODUCTION

Waste handling and controlling is a very challenging and hectic problem all over the world. As per
the statistical report from the agency of environmental protection, the waste tyre production crosses
270,000,000 millions [1]. The dispatching of these wastes is of great concern to the environment [2].

In future these wastes are to be dumped into the bare lands but it causes many problems to the
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environment. Instead recycling of waste tyres can be done [3]. Some of the choices are: reuse of
ground tyre rubers in a variety of plastic and rubber products, tyre retreating applications, crash
barriers, highways and breakwaters, but after this usage the material becomes scrap and the search of
recycling draw out. Concrete Structure is designed for service life 50 to 100 years, which promotes
the usage of waste tyre rubber as a constituent material in concrete which gives

sustainable result to the problem faced [4,5]. On the other hand the infrastructure development results
in excessive use of natural aggregate [6,7]. To cope up with the increasing demand of natural fine
aggregates, the rate of extraction is also being increased. Natural aggregate extraction from lakes,
river beds, etc results in huge impact on the environment such as flooding, landslides, etc. [8,9]. Also
the rainwater filteration carried out by deposits of natural sand is completely lost. To reduce these
problems, the waste tyre rubbers are replaced partially for the natural aggregates [10,11,12].The
concrete manufactured by scrap rubber as a fractional replacement is called as Rubberized concrete

[13,14, 15,16]. Suitability of such material is identified by various researches [17,18,19].

2. MATERIAL INVESTIGATION

Cement: In this work, OPC Cement of 53 grade is used. The physical properties of cement are
obtained by conducting the specified tests as per the IS standards, namely IS 1727:1967 and IS
4031(Part — 5):1988 and the values are shown

S.NO. PROPERTIES VALUES
1 Specific gravity of coarse 2.72 in Table 1.
2| Water absorption 1% Fine Aggregate: According to the grading
3 Fineness modulus 472 zone II the locally available sand is used for
4 Aggregate Impact test value 13.58% experimental works. The specific gravity and
3 Aggregate Crushing value 1824 % water absorption of fine aggregate as per IS:

2386 (Part3) - 1963 were found to be 2.62 and 2% respectively. Sieve analysis of the fine aggregate

was carried out in the laboratory as per IS383-1970 and the particle size distribution is shown in Fig.1.

Table.1 Physical Properties of Cement Table.2.Properties of Coarse Aggregate
S. No. PROPERTIES VA[SJUE

1 Specific gravity of cement 3.10

2 Fineness of cement 4%

3 Standard consistency of cement 30%

4 Initial setting time 35 min

5 Final setting time 512 min

6 Compressive strength of cement 53.80

mortar in 28 days MPa
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Fig.1 Particle Size Distribution for Sand Fig. 2. Crumb Rubber Aggregate

Coarse Aggregate: The coarse aggregates which are locally available having the maximum size of
20 mm were used in the work. The following tests are carried out as per IS: 2386 (Part3) — 1963 and
results are reported in Table.2.

Crumb Rubber Aggregate: The crumb rubber is the recycled rubber. In this study, the crumb
rubber passing through the seive size of 2.36 mm is used for the partial substitute of fine aggregate.
The rubber fibres used in this project having an aspect ratio ranging from 25- 30 is shown in Figure
2. The specific gravity and water absorption of rubber was found to be 1.3 and 1.3% respectively.
Chemical Solution: Acetic acid is an organic compound which has the chemical formula CH;COOH.
The rubber used in the concrete was immersed in the Acetic acid (5% concentration) and kept
undisturbed for 24 hours, then taken out, rinsed with water, dried and used in concrete manufacturing.

The tap water with pH 6.5 is used for mixing as well as curing purposes.

3. PROPERTIES OF RUBBERIZED CONCRETE

Mix Proportion: The mix proportions are made for the M25, M30, and M35 grades of concrete.
Table 3 shows the calculated mix proportions.

Manufacturing of Rubberized Concrete: The ingredients needed for the concrete are weighed and
are taken as per the mix proportions arrived from the mix design. Mixing is done with hand by using
trowel after arriving the required materials. After the addition of each material, mixing was done until
the mix became homogeneous. These mixture is filled and compacted manually using a damping rod
in the oiled steel mould. After 24 hour of casting, the specimens are removed from the moulded and

cured.
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Table 3 Mix Proportions of Concrete

Grade of Concrete

Mix Proportion
(Cement: FA : CA)

Water Cement Ratio

M25 1:1.46:2.57 0.45
M30 1:1.15:2.12 0.38
M35 1:1:1.93 0.35

Fresh Concrete Properties: The slump test is made to find the workability of fresh concrete and the

results are shown in Figure 3. The results indicated that there was an increase in slump value when

crumb rubber content increased from 0% to 20%. It means that with respect to the normal concrete,

the workability rubberized concrete is acceptable in terms of placing, handling and finishing.

Hardened Concrete Properties: The compressive strength test revealed that the conventional

concrete exhibited higher strength than the rubberized concrete. It was also revealed that the

compressive strength reduced as the percentage replacement increased from 10 to 20%. The tensile

strength test revealed that the conventional concrete exhibited higher strength than the rubberized

concrete. It was also revealed that the tensile strength reduced as the percentage replacement

increased from 10 to 20%. On comparing the flexural strength of conventional concrete with rubber

replaced concrete, the flexural strength was raised by increasing the treated rubber content.
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4. HYBRID RUBBERIZED COMPOSITE SLABS

Hybridized rubber concrete consists of two layers with rubber concrete on the top layer and at bottom
plain concrete is placed. Since rubber concrete has greater potential to absorb impact loads, it is kept
on the top layer and simultaneously plain concrete, which has greater resistance to tension (when
compared with rubberized concrete) is kept in the bottom layer to get better results.

Casting and Curing of HRC Slabs: A total of 45 slabs was cast with three different mix proportions
(M25, M30, M35 ) with varying fibre content (0.5%, 1%, 1.5%, 2%). Out of these 45 cubes, 9 were
ordinary concrete slabs (OC) and remaining are Hybrid Rubberized concrete slabs (HRC). Figure

7,8 and 9 shows the wet mix, casted specimens and cured specimens respectively.

e P BT
e 3y

Fig.7.Wet mix

Rebound hammer test: The compressive strength of concrete slab is found using rebound hammer
test. It has a plunger which has to be pressed perpendicular against the concrete slab and until the
hammer impacts, the pressure is applied gradually. Before the test, the hammer was tested against
the test anvil, to get reliable results.

Drop hammer test: The impact loads are tested using a well-known test called drop hammer test.
The drop hammer apparatus is supported by short columns and consist of rigid welded steel frame
square in plan. It has a mass of 3.5kg (34.335 N) and the hammer is dropped from constant height
(1.20m) on the specimen. The test setup consists of a cylindrical ball of 90 mm diameter and 80mm
height with hemispherical blunt tip to a height of 20mm, which acts as a plunger. For each specimen,
the hammer is dropped and the number of blows for the first crack and the blows for final failure was
recorded.

The specimens after curing are tested for its compressive strength and energy absorption. The results

are tabulated in Table 4.
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Table 4. Compressive Strength Results
Type of slab M25 M30 M35
S.No Slab |Compressive strength |Slab [Compressive strength |Slab| Compressive strength
ID (Mpa) ID (Mpa) ID (Mpa)
1 All 25 Bl 30 Cl1 35
2 ocC Al2 25 B1 29 Cl 34
3 Al3 26 Bl 30 Cl 35
4 A2l 22 B2 26 C2 31
5 HRC (0.5%) | A22 22 B2 26 c2 32
6 A23 23 B2 25 Cc2 31
7 A31 20 B3 24 C3 29
8 HRC (1.0%) | A32 20 B3 23 C3 30
9 A33 21 B3 23 C3 30
10 A41 19 B4 22 Cc4 27
11 HRC (1.5%) | A42 19 B4 22 C4 27
12 A43 18 B4 22 Cc4 27
13 A51 17 BS 20 Cs 25
14 HRC (2.0%) | A52 17 BS 19 Cs 25
15 A53 16 B5 20 C5 25

The results obtained from drop hammer test such as Energy absorption and ductility index were taken
and compared [20,21,22]. The comparison is made between different types of slabs namely Ordinary
concrete (OC), Hybrid Rubberized concrete (HRC) with four different rubber fibre content ranging
from 0.5% to 2% and the results are shown in the fig 10 and 11.
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Fig. 10. Comparison of Energy Absorption Fig 11. Comparison of Ductility Index

From fig.10, it is clear that Hybrid Rubberized Concrete slabs with 2.0% rubber fibre content shows
maximum energy absorption and the ordinary concrete shows low energy absorption. It is also noted
that as the grade of concrete increases the energy absorption also increases and also in Hybrid
Rubberized concrete slabs the energy absorption increases with increase in rubber fibre content. The

energy absorption of HRC is 4 times greater than that of ordinary concrete in M25 grade and nearly
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5 times greater than ordinary concrete in M30 grade and 6 times greater than ordinary concrete in
M35 grade.

From fig.11 it is clear that Hybrid Rubberized Concrete slabs with 2.0% rubber fibre content shows
maximum Ductility index and the ordinary concrete shows low Ductility Index and almost all Hybrid
Rubberized concrete slabs with rubber fibres shows better ductility index. In Hybrid Rubberized

concrete slabs the Ductility Index increases with increase in rubber fibre content.

6. CONCLUSION

The results highlight positive effects on the flexural strength of concrete containing surface
modified, recycled rubber when compared to concrete mixes of conventional concrete. Yet , the
decrease in compressive, tensile strength with respect to conventional concrete is still evident. By the
experimental investigations conducted on rubber concrete and the subsequent results, the following
points can be concluded:

» The workability of fresh concrete is acceptable while adding the rubber aggregate to the
concrete. This might be due to the lower water penetration capacity of the crumb rubber.
+ The Compressive strength of rubberized concrete at 28" day was decreased by 25.03% of
conventional concrete.
+ The tensile strength of rubberized concrete at 28" day was also decreased by 29.50% of
conventional concrete.
+ But the flexural strength of rubberized concrete at 28" day was increased by 41.38% of
conventional concrete.
From the tests conducted on Hybrid Rubberized concrete slabs, it can be concluded that the fine
aggregate replacement by optimum percentage of rubber is 10% and use acetic acid for the treatment
of rubber is justified. By the performance of Hybrid rubber concrete slabs and the experimental
results, the following conclusions were arrived.
e The tyres which are polluting the land by dumping can be efficiently used in civil engineering
applications in the form of hybrid rubberized concrete.
e The hybrid rubberized slabs have better impact resistance and energy absorption than ordinary
concrete.
e In hybrid rubberized concrete slabs with 2.0% rubber, showed higher energy absorption and
ductility index and almost all hybrid rubberized concrete slabs with rubber fibres showed

better results.
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The Hybrid Rubberized Concrete which has better performance can be used in places where the

concrete surfaces are subjected to impact loads.
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