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ABSTRACT

In recent years waste handling and management is the primary issue faced by countries all over the world.
It is very challenging and hectic problem that has to be tackled in an indigenous manner. On the basis of
statistical data provided by the Environmental Protection Agency (EPA) 270,000,000 millions waste tyres
are produced each year. The disposal of the waste tyres in landfills is a major issue handled by the local
municipalities and government sectors. The statistical study gives an estimate that within the next decade
the majority of the landfills used for the waste tyre disposal shall be closed and this poses the problem of
need for lands for waste dumping. This new problem gave an idea of recycling of waste tyres instead of
filling them in bare lands. Recycling of waste is a process adopted by any industry for efficient resource
management. The discharge of waste tyres into expensive and the continuously decreasing numbers of
landfills generates significant pressure to the local bodies identifying the potential application for these
waste products. In this paper an experimental study is conducted to analyse the behaviour and failure
characteristics of rubberized concrete where waste tyre rubber is partially replaced with coarse aggregate.

INTRODUCTION

Resource handling isthe basic requisite for the proper func-
tioning of any industry. Even though demand forecasting of
the raw material s provesto be a preventive measure to avoid
delay in the production, there are lots of other factors that
disturb the normal functioning. The non-availahility of suf-
ficient raw materials and high transportation cost incurred
in purchasing the same, the residue disposal provokes any
industrialist to go for methods of recycling the waste ob-
tained after the process. The optimal use of the resourceshas
also added up to the adoption of recycling segment in an
industry. Landfilling of this non-degradabl e waste tyre rub-
ber leadsto reduction of water table and causes drought. The
other ill effectsare depletion of fertility of the soil and char-
ring of rubber waste rel easestoxic gases like monoxides of
carbon and dioxides of sulphur, which promotes global
warming. These are the main factorsthat promote recycling
of waste materials.

A large number of research papersbased on solid waste
policy and management have appeared in the published lit-
erature during the past decade. Thisresearch project investi-
gates the use of certain waste products (e.g., tyres) in vari-
ous aspects of construction. There hasbeen anumber of rub-
berized asphalt projects developed in all the cornersof civil
engineering. These projects can be characterized asdry proc-
ess, wet process, trickle method, asphalt rubber technol ogy,
and rubber systemsin road rehabilitation. Thereisvery rare

literature on usage of tyre rubber as a construction material
in reinforced concrete elements. Amirkhanian & Arnold
(2001) hastested the use of crumb rubber-asphalt concrete
inroad pavement at several areasto determinethe economic
and engineering feasibilities of these materials. The major
objectivesof theresearch study were to devel op test proce-
dures, specificationsand congtruction methodsfor construc-
tion of rubberized asphalt mixes, and to monitor thetest field
section. They concluded that the road section paved using
wet process has been performing satisfactorily to thispoint.
Thetest result coring that it i ndicatesthe asphalt rubber mix-
ture is producing higher wet indirect tensile strength and
tensile strength ratios than control mixture. Fairburn &
Larson (2001) investigated the use of concrete derived from
shredded rubber from old tyres for resurfacing a cracked
pavement. He found that the concrete was more dlip resist-
ant, highly elastic, lighter in weight, and could be used for
fireproofing and insulation. Goulias & Ali (1998) used the
granulated tyres as el astic aggregate with Portland cement
modifying the brittle failure of concrete and increasing its
ability to absorb higher amounts of energy during failure.
The objective of the study isto eval uate the effects of rubber
aggregate on Portland cement concrete properties. Results
showed large deformation without full disintegration of con-
crete. Eldin & Senuci (2002) investigated the potential ben-
efitsof using rubber aggregate in Portland cement concrete
and showed the ability of concreteto absorb large deforma-
tion. Thereisno literaturethat the wastetyre rubber used as
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Table 1: Specific gravity test for sand and 20 mm metal.
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Table 2: Mix proportion for the concrete cube specimen.

replacement for coarse aggregate in concrete. This experi-
mental study proposesto attempt to eval uate the behaviour
and failure characteristics of aconcrete specimen replacing
waste tyre rubber as coarse aggregate in different percent-
age by weight for different mix proportions.

MATERIAL INVESTIGATION

Material selection, utilization and effective management
become the major part in any research work. So, it requires
investigateand categorize materia . In general, primary com-
ponents, which are used in combination for casting the test
specimen such as cement, fine and coarse aggregate, water

S.No. Observation Results S.No. Grade of Target Water Cement
Concrete Mean
1 Specific gravity for the cement 3.14 Strength
2 Specific gravity of sand 254 (N/mm?)
3 Specific gravity of 20 mm metal 254
4 Fineness modulus of Sand 2.38 1 M20 26.60 0.50 1:1.43:3.03
5 Fineness modulus of metal 4.16 2 M25 31.60 0.45 1:1.21:2.71
6. Workability of concrete 0.84 CF
Table 3: Rubber replacement details.
S.No. Gradeof Replacement of Notations Total quantity of Quantity of coarse aggregate (kg)
Concrete rubber by coarse aggregatein
percentage (kg) 20 mm metal Rubber
1. M20 0 R 151.24 151.24 00.00
2 R1 151.24 148.22 03.02
4 R2 151.24 145.19 06.05
6 R3 151.24 142.17 09.07
8 R4 151.24 139.14 12.10
10 R5 151.24 136.12 15.12
2. M25 0 R 135.32 135.32 00.00
2 R1 135.32 132.61 02.71
4 R2 135.32 129.91 05.41
6 R3 135.32 127.20 08.12
8 R4 135.32 124.49 10.83
10 R5 135.32 121.79 13.53
Table 4: Specimen details. . .
> and wastetyre rubber, need to be tested to find out their prop-
Grades Notations 7Days 14Days 28Days ertiessuch asfineness modul us, specific gravity, workabil-
ity, etc. Theresults of thetestsare givenin Table 1.
M20 Conventional 3 3 3
R2 3 3 3 . : ) .
RA 3 3 3 Physical properties of _waste tyre rubber : Propertles of
R6 3 3 3 scrap tyre rubber specimen 10-25 mm thick are given
R8 3 3 3 below.
R10 3 3 3
M25 Conventional 3 3 3 Specific gravity (g/cc) = 114+0.02
Ei g g g Tensile strength (kg/cm?) = 35(minimum)
R6 3 3 3 Elongation at break = 200%or2L
R8 3 3 3 Hardness shore = 59+3
R10 3 3 3 Mooney viscosity at 100°C = 25t055
Total (36 + 36 + 36 = 108) 36 36 36
MIX DESIGN

Mix design isthe process of selecting and determining the
relative proportions of materialswith the object of produc-
ing concrete of certain minimum strength and durability as
economically aspossible. The main objectiveisto stipulate
the minimum strength and durability. Mix design was car-
ried out as per Indian Standard Code Method (1S 10262 —
1982) for the test specimen. Mix proportion for the concrete
cube specimenisgivenin Table 2.

REPLACEMENT RATIO SELECTION

The next stepisto select the replacement of waste tyrerub-
ber instead of coarse aggregate and decided accordingly by
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Slump Chart for M 20 Grade Concrete Slump Chart for M 25 Grade Concrete
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Fig. 2: Slump factor for M20 concrete with

various rubber replacements.
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Fig. 3: Slump factor for M25 concrete with

Fig. 1: Wast bbi laced f
ig etyre rubber replaced for various rubber replacements.

coarse aggregate.
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35 40 3
a __—————n 35 _ S =
¥ 30 = ¥ e g 28
E S < £ 30 = £
225 —— £ —+— Conventiona s, —+— Conventiona
£ . —& R2 = 25 R £ s R
2 20 = =l
3] R4 5 R4 3 15 R4
& g 20 N
¢ 15 R6 g R6 @ R6
7 —*—R8 715 —*—R8 2 ——FR8
< 10 —=—RI10 5 ——R10 = —*—RIO
£ £ 10 =
8 s 8 & 05

5
0 o 0
0 5 10 15 20 25 30 o o 2 0 0 5 10 15 20 25 30
Curing Periods (Days) Curing Period (Days) Curing Periods (Days)

Fig.4: M20 grade concrete compressive strength.  Fig.5: M25 grade concrete compressive strength.  Fig.

6: M20 grade concrete split tensile strength.

Split Tensile Strength of M 25 Grade Concrete
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Fig. 7: M25 Grade concrete split tensile strength.

weight. Table 3 shows various replacements of waste tyre
rubber with coarse aggregate by weight. Rubber isreplaced
as2, 4, 6, 8 and 10 % in each grade with coarse aggregate.
Fig. 1 shows waste tyre rubber for replacement as coarse
aggregate.

TEST SPECIMEN CASTING

The test specimens were cast in two different mix propor-
tions of M20 and M25 grade by weight with water cement
ratios of 0.50 and 0.45 respectively. The sizes of the speci-
mens were: cube 150 x 150 x 150 mm, cylinder 150 x 300
mm and beam mould 100 x 100 x 500 mm. The mouldswere
placed on an even surface and the materialswere mixed in
mixer machine. First, coarse aggregate and fine aggregate
were added and mixed thoroughly in a dry condition, and

Fig.8: M20 Grade concrete flexural strength.

Fig.9: M25 Grade concrete flexural strength.

then cement and water were added to get fresh concrete mix.
Compactionwas done for all the specimens using vibrating
table. The mould is striped after 24 hours. The test speci-
menswere cured for 7 days, 14 daysand 28 daysinacuring
tank.

EXPERIMENTAL INVESTIGATION

A Total of 108 cubes, cylinders and beams were prepared
with M20 and M25 mix for this study with 2, 4, 6, 8 and
10% of replacement of waste tyre rubber with coarse aggre-
gate. The specimen detailsaregivenin Table 4.

Slump factor: The dump factor isused to measure the hori-
zontal free flow of concrete. The test has been carried out
for both M20 and M 25 grade concrete and results are shown
inFigs. 2 and 3. From theillustration it has been identified
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Table 5: Results of M20 grade concrete average compressive strength.

S.No. Cube 7 Days Specimen 14 Days Specimen 28 Days Specimen
Notation Collapse Compressive Collapse Compressive Collapse Compressive

Load Strength Load Strength Load Strength
(KN) (N/mm?) (KN) (N/mm?) (KN) (N/mm?)

1  Conventional 475 2111 650 28.89 655 29.11

2 R2 490 21.78 675 30.00 690 30.67

3 R4 490 21.78 660 29.33 675 30.00

4 R6 460 20.44 650 28.89 670 29.78

5 R8 430 19.11 600 26.67 610 2711

6 R10 420 18.67 595 26.44 600 26.67

Table 6: Results of M25 grade concrete average compressive strength.

S.No. Cube 7 Days Specimen 14 Days Specimen 28 Days Specimen
Notation Collapse Compressive Collapse Compressive Collapse Compressive

Load Strength Load Strength Load Strength
(KN) (N/mm?) (KN) (N/mm?) (KN) (N/mm?)

1  Conventional 650 28.89 740 32.89 765 34.00

2 R2 652 28.98 745 33.11 775 34.44

3 R4 656 29.16 750 33.33 770 34.22

4 R6 650 28.89 745 33.11 765 34.00

5 R8 640 28.44 720 32.00 730 32.44

6 R10 625 27.78 705 31.33 710 31.56

Table 7: Results of M20 grade average split tensile strength.

S.No. Cylinder 7 Days Specimen 14 Days Specimen 28 Days Specimen
Notation Collapse Tensile Collapse Tensile Collapse Tensile
Load Strength Load Strength Load Strength
(KN) (N/mm?) (KN) (N/mm?) (KN) (N/mm?)
1 Conventional 95 134 135 191 150 212
2 R2 100 142 150 212 165 234
3 R4 105 149 145 2.05 170 241
4 R6 110 1.56 150 212 170 241
5 R8 90 127 130 184 160 2.26
6 R10 90 127 130 184 155 219

Table 8: Results of M25 grade average split tensile strength.

S.No. Cylinder 7 Days Specimen 14 Days Specimen 28 Days Specimen
Notation Collapse Tensile Collapse Tensile Collapse Tensile
Load Strength Load Strength Load Strength
(KN) (N/mm?) (KN) (N/mm?) (KN) (N/mm?)
1  Conventional 100 142 145 2.05 175 248
2 R2 120 1.70 150 212 180 255
3 R4 125 177 155 219 180 255
4 R6 120 1.70 150 212 180 255
5 R8 100 142 145 2.05 170 241
6 R10 95 134 140 1.98 170 241
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Table 9: Results of M20 grade of average flexural strength.
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S.No. Beam 7 Days Specimen 14 Days Specimen 28 Days Specimen
Notation Collapse Flexural Collapse Flexural Collapse Flexural

Load Strength Load Strength Load Strength
(KN) (N/mm?) (KN) (N/mm?) (KN) (N/mm?)

1  Conventional 10 5 10 5 10.5 525

2 R2 10 5 11 55 11 55

3 R4 10 5 11 55 12 6

4 R6 11 55 11 55 12 6

5 R8 10 5 10 5 10.5 525

6 R10 10 5 10 5 10.5 525

Table 10: Results of M25 grade of average flexural strength.
S.No. Beam 7 Days Specimen 14 Days Specimen 28 Days Specimen
Notation Collapse Flexural Collapse Flexural Collapse Flexural

Load Strength Load Strength Load Strength
(KN) (N/mm?) (KN) (N/mm?) (KN) (N/mm?)

1  Conventional 13 6.5 15 75 16 8

2 R2 14 7 17 85 19 9.5

3 R4 145 7.25 18 9 20 10

4 R6 14 7 17 85 195 9.75

5 R8 135 6.75 16 8 17 85

6 R10 13 6.5 155 7.75 16 8

that all the rubber replaced with coarse aggregate concrete
might behave very close to the flow of conventiona con-
crete. Henceit ispreferred to make use of workability factor
0.50 for M20 Grade and 0.45 for M 25 grade concrete from
the graphical representation.

Compressive strength: Thecompression test iscarried out
with cube specimens to find out the compressive strengths
of conventional and rubber replaced concretes using com-
pression testing machine and theresultsare givenin Tables
5and 6, and Figs. 4 and 5.

SPLIT TENSILE STRENGTH

The split tensile test has been carried out and comparative
results of conventional and rubber replaced concretes are
givenin Tables7and 8 and Figs6 and 7.

FLEXURAL STRENGTH

The beam specimenswere tested in flexural testing machine
to compare the results of conventional and rubber replaced
concretes and the results are given in Tables 9 and 10 and
Figs. 8and 9.

RESULTS AND DISCUSSION

From the comparison of various percentages of coarse

aggregate replacement with waste tyre rubber and conven-
tional concrete, it isclearly found that all the replacements
prove higher ultimate compressive strengthsthan that of tar-
get mean compressive strength of both M20 and M25 grade
concrete. The rubber replacements of 2, 4, and 6% show
higher ultimate compressive strength compared with con-
ventional concrete of both the grades of concrete. 10% re-
placement of rubber showsvery minor deviation compared
with conventional concrete i.e., 8.38% in M20 grade and
7.18%in M25 grade concretethat will not create any harmto
thestructure.

Accordance with the comparison of split tensile strength
inM20 grade, all the percentages of replacementsof tyre rub-
ber with coarse aggregate confirm higher strength than that of
conventional concrete specimens. InM25 grade, 2, 4 and 6%
replacements prove higher strength, and 8 and 10% show very
minor deviation of 2.82% than the conventional concrete.

Theflexural strength comparisonin both the gradesindi-
catethat 2, 4 and 6% repl acements behave exceptionally well
and show higher strength than the conventional concrete.
8% replacement establishes higher strength in M25 and
equalizesin M20 grade conventional concrete. 10% replace-
ment bal anceswith conventional concretein both the grades
of concrete.
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CONCLUSION

Theresults clearly show that the performance of 2, 4 and 6%
replacements proved better in compressive strength of both
the grades M20 and M 25, and show greater than 92% accu-
racy in 8 and 10% replacements. In split tensile strength, 2,
4 and 6% repl acements show excellent performancein M20
and M 25 grade and more than 97% accuracy in 8 and 10%
replacements. In flexural srength, all the replacements show
exceptionally better performance. All the replacements of
coarse aggregate with waste tyre rubber aggregate show
gradual and strong improvement in both the grades of con-
cretein all therequisite srengths. But considering the saf ety
factor, thisresearch hasbeen concluded that 6% replacement
of waste tyre rubber aggregate with coarse aggregate will
givesoptimal and safest repl acement in accordance with the
clean high performancein all the indispensabl e strength.
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