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Abstract: Problem statement: Nowadays, the use of waste tyre in concrete hasnfmdechnically
feasible and the tyre mixed concrete is light weaghd called as rubberized concrete. Still theareseis
going on to explore basic engineering propertied s1$ transport properties viz, acid absorptiat) wester
absorption tests, impact resistance, modulus stiely, dynamic modulus and so on. In this stuitig,
studies are limited to acid absorption test, walsorption test and energy absorbed by impamir oach:
Experimental investigations were conducted onftiper specimens with different variables such agtle,
diameter of holes and percentage of coarse aggregi@acement by tyre fibers. Impact resistandentas
done by ACI standard and acid and water absorptists were conducted by Indian standRegults: In

this study, experimental results based on the vedisorption, acid resistance and impact resistahttes
rubberized concrete were analyzed. These expesmmerie conducted on rubberized concrete with tyre
fibers mixed in different sizes and proportionsviight with the coarse aggregate. The specimens wer
immersed in water and in diluted HCL (5% concemratacid for 28 days and test&gonclusion: The
results obtained from the tests are use to deterth@optimum size of the tyre fiber specimen ¢batd be
used in the rubberized concrete mixture to givedttmum performance. The rubberized concrete with
tyre fiber specimen L50-D5 10% has shown good pramsharacteristics and impact resistance.

Key words: Tire fiber, water absorption, acid resistance, casgion strength, impact resistance
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INTRODUCTION recently have shown that the application of the
recycled tyre rubber in the concrete would improve
The increasing piles of used tyres at landfilesit the weak characteristics of the concrete.

presents threat of uncontrolled fires, producing a
complex mixture of chemicals harming the environtnen Rubberized concrete: The concrete mixed with waste
and contaminating soil and vegetation. It is estéda rubber added in different volume proportions idezhl
that in UK alone 37 million car and truck tyres areas Rubberized concrete and is an infant technology.
being discarded annually and this number is set t@artially replacing the coarse aggregate of thersta
increase. This is considered as one of the majofith some quantity of waste tyre cubes could give
environmental challenge that the world is fac'”gqualities such as low unit weight, high resistaae
because waste rubber is not easily biodegradaleis &V abrasion, absorption to shocks and vibrations, high

2&3 rtisnéogt?gg:s”tzg gft:]ingzg (t)rfet:;l/tr?errggbgne welt ductility and brittleness to the concrete. Moreotles
inclusion of rubber into concrete results in higher

replacement of coarse aggregate in the cement-bas8'Y o "
materials proposed by Dhat al. (2001). Although reS|.I|ence, durabllilty and elast|C|t)./. (Lest al., 1993;
concrete is the most popular construction mateifal, E!din and Senouci, 1993a; Toutanji, 1996; Raghaan
has some limitation in properties like low tensiled., 1998; Li et al., 1998; Bignozziet al., 2000;
strength, low ductility, low energy absorption and Raghavan, 2000; Senthilkumarah al., 2008). The
shrinkage and cracking associated with hardeninty anliterature reveals that the tests conducted bynEdatid
curing (Wanget al., 2000). Several studies performed Senouci (1993b) on concrete with tire chips anantru
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rubber of sizes 19, 25 and 38mm considerably rexlucdndian standard for the mix design of concrete.eTyr
the compressive strength and split tensile strenftht  fibers of different length and diameters were Lisetthe

can withstand to absorb large amount of plastieggne partial replacement of the coarse aggregate. Tine fi
Biel and Lee (1994) has proven that magnesiumaggregate was sieved using 2.36mm in order to pass
chloride cement gives good bonding strength and théhrough the holes of the tyre fiber to make a gron
rubber content should be limited to 17%. Schimieze contact with cement matrix. Water with neutral pH
al. (1994) mentioned that reduction in elastic moslulu yajue has been used for mixing. All these studyewer
with higher flexibility is suitable for stabilizedase for  gone under room temperature.

flexible pavements. Topcu (1995) investigated the

effect of particle size and content of tire rubbarsl

. Mixture design: Mix was designated as a concrete of
found the strength was reduced considerably and thEOMPa with a mix ratio of 1:1:2.5 using Indian

plastic capacity was enhanced. Serge and JoekB8)(20 giangard of Concrete Mix Design. The water-cement
used saturated NaOH solution to treat waste tirgatio was designed as 0.40. To prepare rubberized
rubber to make good interfacial bonding strengthconcrete mixture, all the parameters are kept eonst
Zhenget al. (2008) mentioned in their study that thereexcept tyre fibers were used to replace a % of the
was considerable reduction in compressive strengtlicoarse aggregate by its weight. Nine different syfyee
static modulus of elasticity and the dynamic modulu fibers with lengths 25, 50, 75mm and different hole
of elasticity with the increasing amount of rubberdiameters 4-6mm designated as L25-D4, L25-D5, L25-
content. From the literature reviews it is seent thaD6; L50-D4, L50-D5, L50-D6; and L75-D4, L75-D5,
none of the researchers have done any researdieon tL75-D6 were used. These tyre fibers were partially
water absorption, acid resistance and impact sestst  feplaced 0-5%, 10-15-20 and 25% by weight of the

properties of tyre fiber modified concrete. coarse aggregate of size 20(60%) and 10 mm (40%).
Using the above tyre fibers, 45 different mixtures

Experimental program: The main objective of this were produced with a control specimen of 0% rubber.
research is to determine the inherent transpori50 x150x150 mm moulds were used to prepare cubes
properties of the tyre fiber modified concrete sash for compressive strength tests and 150 mm diaraetr
water absorption and acid resistance. The impact00 mm length cylindrical specimens were used fitit s
resistance is also tested. The tests were conducted €nsile tests. Each specimen were cast and condpagte
composites formed with tyre fibers with lengths 26m vibrating table. For this study a total of 27®es, 10

50mm. 75mm and different diameter of holes 4mm small cylindrical specimen for Impact ResistancestTe

S . cesignaied s L2, 12506, 25,14 270 /s vere cas Al e penens e
D6; L50-D4, L50-D5, L50-D6; and L75-D4, L75-D5, P '

. ; immersed in curing tank for curing. All the testeres
L75-D6. These tyre fibers were used to partialplaee conducted as per Indian Standards and the Impact
0, 5, 10, 15, 20 and 25% of the coarse aggregate

; ] ) 9IIE tWesistance test was based on ACI method. In all the
total weight to cast different composites with Vagy  cypes and cylinders the tyre fibers were havingingr

% of tyre fiber mixes as proposed by Senthilkumatah  nymper of holes and were randomly distributed.

(2008). The water and acid absorption were measatred

the age 28days of all concretes. Impact Resistteste

Acid resistance test: All the specimens were immersed
were also conducted on the samples.

in 5% diluted HCL acid for 28days. After 28 day® th
weight of the specimens were measured to calcthate
MATERIALSAND MATHODS percentage of acid penetration. The percentage of
absorption were calculated by the difference inghei
The locally available materials were used for thisof concrete cubes, before and after immersed in the
study. Fly ash based Grade 53 cement, Fine Rivefl, sa acid. Table 1 shows the average % of acid absarptio
coarse aggregate of sizes 20 (60%) and 10 mm (40%e specimens.
and tyre fibers. All the tyre fibres were cleandgd It is observed that the % of acid absorption is
using analytical grade NAOH (Eldin and Senouci,generally lower in almost all cases when comparigia w
1993a) to remove grease and other impurities ibbeub the control specimen as seen in the Table 1. But in
in order to improve adhesion with the cement matrixsome cases especially with L75-D6 25% fiber mix the
All the materials were confirmed to the Bureau ofabsorption is higher.
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Table 1: Average % of acid absorption Table 3: Effect of acid absorption on compresstvength

Cubes-Acid absorption test Cubes-Compression test

Average (%) of acid absorption Average compressive strength (N m
Specimen ID 5% 10% 15% 20% 25% Specimen ID 5% 10% 15% 20% 25%
L25 D4 0.21 0.03 0.17 0.07 0.26 125D4 26.30 21.51 20.78 14.39 16.42
L25 D5 0.10 0.23 0.33 0.45 0.58 L25D5 2485 17.59 24.12 15.40 11.19
L25 D6 0.14 0.27 0.30 0.47 0.53 L25D6 29.65 30.96 28.34 16.42 22.53
L50 D4 0.28 0.35 0.39 0.14 0.64 150D4 26.30 25.00 20.64 17.15 12.06
L50 D5 0.12 0.33 0.38 0.50 0.59 L50D5 26.30 29.36 12.02 12.79 12.64
L50 D6 0.18 0.37 0.42 0.55 0.66 L50 D6 2238 19.62 17.44 18.02 15.26
L75 D4 0.51 0.49 0.49 0.40 0.93 L75D4 2049 23.40 16.00 15.26 9.74
L75 D5 0.27 0.68 0.54 0.73 0.93 L75D5 19.48 16.70 14.10 9.16 6.40
L75 D6 0.28 0.47 0.62 0.74 0.89 L75D6 23.98 19.90 13.22 11.77 4.65
Control Control
Specimen 0.56 Specimen 33.86

From Table 2 it is observed that up to 15% of tyre

Table 2: Average % of water absorption . . .
ge » P fiber mixed rubberized concrete the % of water

Cubes-Water absorption test

Average (%) of water absorption absorption is low when compared to the control
specimen. But beyond 15% of rubber mix the % of
Specimen ID 5% 10% 15% 20%  25% water absorption increases abruptly. This clearly
L25 D4 1.88 2.63 5.37 6.47 553 explains the fact that up to 15% of inclusion dblvar
'I:gg gg f-g; g-gg ‘3‘-?& Eéé 2-;2 fibers the blockage of the pores by the tyre fibers
: : : : : outnumbers the voids created by them, so the dveral
L50 D4 259 3.12 3.84 4.76 6.78 oo . 0 h
L50 D5 248 2.63 3.03 5.26 711 ab_sorptlon is low. But, if the % of mix |nC|’eaS_G$_e
L50 D6 1.64 1.87 3.42 3.79 6.45 Voids created are more and hence the absorptlughs
L75 D4 2.78 4.89 5.25 5.53 10.39 This shows that for a durable rubberized concriete t
L75 D5 2.86 3.43 4.59 6.90 8.23  mix proportion of tyre fibers should not exceed 15%
L75 D6 1.50 2.69 4,08 4.97 9.49

Control _ Also it is interesting to note that L5(_) tyre fiber
Specimen 388 mixed concrete has shown good reduction in water
absorption when compared to L25 and L75 tyre fibers
This due to the fact that longer dimension of theThe simple drop weight was used to find out thedotp
tyre fiber may not mix evenly with the cement Resistance of the control specimen and tyre fiber

aggregate and can create voids in the composite. Thmodified concrete specimens after 28days. A stahdar

will increase the acid absorption. This fact can beSteeI ball of 4.5kg weight was used to make impact

o . . . . the concrete specimens, dropping from 50cm. Thp dro
justified by seeing the % of acid absorption in th_ehammer was glaced over thgpstgel ball. The bastz pla

rubberized concrete with L25 dimension fibers.dt i 5 to polt to the rigid concrete floor base. A rteu
noted that there is significant decrease in thef%cwl 4535 used to count the number of blows. The hammer

absorption from 5-25% mix. This is because smallelwas dropped repeatedly and the number of blows was
length fibers are more evenly distributed and geteth  counted till the development of first crack and the

with the cement aggregate without creating manggor ultimate crack. Ultimate crack means the opening of
L50 mix shows lower % of acid absorption whencrack completely in the specimen and the pieces of
compared to the control specimen but slightly highe concrete are touching three of the lugs on the pliase.

than the L25 mix. RESULTS

Water absorption test: All the specimens were Effect of acid absorption on compressive strength:
immersed in pH neutral water under shade for 28daysCompression test was conducted on the 28th dapfage
After 28 days the weight was measured to calculete acid absorbed rubberized concrete cubes. The sesult
percentage of water absorption. The weights of there shown in Table 3.

cubes were taken before after immersion of water iq . . .
. mpact resistance test: The Impact resistance was
order to calculate the percentage of water absorty done on specimens with tyre fibers L50 and L75

the tyre fiber mixed concrete. This test is done {Qgngths with different percentage of tyre fibresieT

determine absorption nature of concrete with vayin specimens and the tests were done based on the

of rubber fibers. Table 2 shows the average % d@éwa procedure described by ACI. The spesim

absorption of the specimens. is of size 150 mm diameter and 62.5 mm height.
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Table: 4 Effect of water absorption on compressivength

Cubes-Compression test
Average compressive strength (N m

Specimen ID 5% 10% 15% 20% 25%
L25 D4 37.24 22.50 17.00 16.65 8.42
L25 D5 27.32 28.73 23.26 18.43 9.57
L25 D6 28.77 26.39 17.84 17.12 11.98
L50 D4 27.61 23.20 2553 22.20 10.27
L50 D5 24.23 30.90 18.72 16.94 14.97
L50 D6 22.05 26.74 19.27 12.64 18.31
L75 D4 33.72 25.10 26.27 14.37 15.10
L75 D5 34.14 26.30 19.85 19.62 13.20
L75 D6 21.73 22.80 21.03 8.70 9.43
Control
Specimen 41.87
Table 5: Impact resistance of control specimen
Energy Absorbed (Joules) in

Specimen ID Initial crack Final crack
Control specimen 3290.4J 3907.3J
Table 6: Impact resistance of rubberized concrete

Energy Absorbed (Joules) in
Specimen ID (%) Initial crack Final crack
L50-5 3187.6J 5881.6J
L50-10 3598.9J 5758.2J
L50-15 3249.3J 5573.2J
L50-20 2940.8J 4730.0J
L50-25 3146.4J 4318.7J
L75-5 1336.7J 3023.1J
L75-10 2056.5J 2262.2]
L75-15 3290.4J 4071.9J
L75-20 3640.0J 4503.7J
L75-25 4318.7J 5038.4J

Effect of water absorption on compressive strength:
The compressive tests were done at the age of 8 da

Then the cubes were crushed after 28days to determi
its compressive strength and the results were coedpa

with the control specimen. The results are shown in

Table 4.

Impact resistance test: Using the above procedure the
impact resistance of the control concrete withgué t
fibers and other tyre fibber modified concrete with

when compare with control specimen. This may due to
the chemical reaction between the matrix and thé HC
acid. The number of holes may also contribute the
reduction in the strength.

It is observed from the table that the compressive
strength of Water Absorbed cubes has reduced
moderately up to 15% mix and high beyond that.

Generally L50 mix performed better compared to
other samples and in particular L50-D5-10%
performed better than L50D6-10%. The percentage of
reduction of compressive strength for L50D5-10%
was 26% and for L50D6-10% was 36% when compare
with control specimen.

It was observed that tyre fiber modified conciee
shown good performance than the control specimen.
Table 6 show that there was great increase inntipagt
resistance of the rubberized concrete with L50 1%
specimen. It shows that tyre fibres in rubberizexccete
are absorbing a lot of energy due to sudden impacts
They are not brittle like control specimen. Thehdee
just like a ductile material.

CONCLUSION

From the above analysis the following conclusions
were arrived.

The increase in the percentage of tyre fiberdan t
rubberized concrete reduces considerably the dtreng
of concrete when compared with conventional coecret
specimen. The length of the fiber, the diamenter of
holes in the fiber also play a major role in thesgth
of tyre fibre modified concrete.

From Table 2 and 4, it is seen that for compressio

test on water absorbed cubes, L50D5-10% mixed
concrete shows good results than other speciméis. L
mix also shows good performance but it is due tatmo
of the loads were taken by the concrete.
From Table 1 and 3, the compression test on acid
absorbed specimen again rubberized concrete with
L50D5-10% mix shows good results when compared
with other specimens.

From the above experiments it is clear that
rubberized concrete with L50-D5 10% has shown good

different % of mix has been measured and given ifransport characteristics.

Table 5 and 6.

DISCUSSION

From the Table 5 and 6 it is observed that the tyr
fibre modified concrete behave as a ductile materia
while, the control specimen (with 0% tyres) behase
a brittle material. Also, the reduction in Ultimdtead

Observed from the Table 3, the compressivewith control specimen for L50-D5-10% was only

strength of Acid Resistance (Absorption) cubes wad1.8%.

decreasing gradually with gradual increase of %y
fibres in concrete. Here also, it was noted thadD%-
10% performed better than L50D6-10%. The

This property may be considered as a
milestone in the design of structural components,
where the failure is of dutile nature, so that srdd

collapse may be averted. It may be used in runway

percentage of reduction of compressive strength fopavement where a lot of impact force is developed
L50D5-10% was 12.58% and for L50D6-10% was 42%during the time of landing and takeoff. It is also
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suitable for harbours where storage of contain@as h Raghavan, D., 2000. Study of rubber-filled
high impact always developing cracks on the floors  cementitious composites. J. Applied Polymer, Sci.,

and also suitable as a basement floor to withsthad 77: 934-942. DOI: 10.1002/(SICI1)1097-
high vibrations from the machines. 4628(20000725)77:4<934::AID-APP30>3.0.CO;2-
L
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