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Abstract — Flyash is a waste produced from thermal power
stations, which contributes to environmental polluton. It is a
waste material that can be utilized in constructionof roads
and embankments. One of the most promising approa€s in
this area is use of flyash as a replacement to tlenventional
weak earth material and waste tyre rubber as reirbrcement
will solve two problems with one effort i.e. elimimtion of
solid waste problem on one hand and provision of aeeded
construction material on other. Disposal of a varity of
wastes in an eco friendly way is the thrust area ofoday’s
research. This paper investigates to determine theptimum
percentage of waste tyre rubber with flyash materih by
conducting direct shear and CBR tests. It was obseed that
from the laboratory test results, the optimum percatage of
waste tyre rubber with flyash material is 6% and from the
load tests flyash with waste tyre rubber shows bedt
performance as compared to un reinforced flyash pament.

Keywords — Flyash, Waste Tyre Rubber, Shear, CBR and
Load Tests.

I. INTRODUCTION

Reinforcement is an effective and reliable techaifpr
increasing strength and stability of soils. In gahesoil
reinforcements can be classified into two majoegaties
one by ideally inextensible and other by ideallye@sible
inclusions. The former includes high modulus meteps
and bars, while the latter includes relatively lowdulus
natural and synthetic fibers, plant roots and pelyfabric
and shredded tyre chips. A lot of research worgaisg
on worldwide to cope up with this problem. Wasteesy
have characteristics that make them not easy fooskés
and potentially combustible. Reinforced earth téghe
has been gaining popularity in the field of geotechl
engineering due to its highly versatile and flegiblature.
The application of waste tyres in various forms hasn
recently developed in reinforcing soil for a vayiedf
geotechnical applications ranging from retainirgatures

and earth embankments, asphalt pavement and pavipi@pilized with Crumb Rubber Powder to

system, foundation beds and other applications. llaa
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decrease with the increase of the percentage bkrulyre
content. This might be due to light weight natufetyoe
waste. Shredded rubber tyre mixed with soil showed
enhancement in CBR value with adding up to 8 % and
there beyond decreased with additional incremenyria
content in unsoaked condition. Swarna Surya Tejg an
Paleru Siddhartha (2015), has investigated thectaffe
use of waste tyres to stabilize the subgrade offivhéy
pavement, showing improvement in CBR value with its
addition up to 5% and there onwards decreasedaseri
tyre content in both soaked and unsoaked conditimms
aggregates when partially replaced by waste tyeeqs
showed considerable decrease in abrasion valushiog
value and impact value which proves them to beebett
composite material in the subbase layer of the pave
system. Ghatge Sandeep Hambirao, and Dr.P.G.Rakarad
(2014) has been chosen shredded rubber from waiste a
reinforcement material and cement as binding agéith
was randomly included into the soil at three défar
percentages of fibre content, i.e. 5% 10% and 15% b
weight of soil. California bearing ratio and uncoed
compression tests were conducted. The tests haaglycl
shown a significant improvement in the shear stieagd
bearing capacity parameters and low strength agt hi
compressible soft clay soils were found to imprdwe
addition of shredded rubber and cement. Prasad et
al.,(2013), has conducted Cyclic plate load testghie
laboratory at OMC to study the relative performance
between the reinforced and unreinforced subbases of
model pavement system and the results were fouaiy th
flexible pavement reinforced with waste plasticd araste
tyre rubber has shown better performance as comifare
unreinforced subbase, at all deformation levelsxilile
pavement system laid on sand subgrade has showar bet
performance when compared to expansive soil sukgrad
Purushotham G. Sarvade and Prashant R Shet (2&#2) h
done experiments on geotechnical properties of clay
investigate
optimum CRP for stabilization of the clay from

et al., (2015), has conducted experiments on IoalvEmegeotechnical properties like particle size, spedifiavity,

subgrade soil stabilized with varied proportions 486,

compaction characteristics, and unconfined commmess

6%, 8% and 10% shredded rubber tyre and founctitieat strength of both problem clay and stabilized clag also

8% (25 mmx50 mm) of tyre content is the specifituga

the effect of cement and lime on CRP stabilizeq ead

where the CBR has got the improvement of 66.28% thd€Sults that CRP altered the engineering properies
in comparison of the plain soil. The optimum moistu problem clay and 5% CRP and unconfined compressive

content as well as maximum dry density is found t§trength was increased when the optimum mix (proble
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clay+5% of CRP) was blended with cement and liméncreasing shredded tire content. The shreddeds tire
Ayothiraman and Ablish Kumar Meena (2011) conductetnproved some engineering properties of sand. It is
experiments on soil and soil+tyre mixtures, Dry slgn evident that not much work has been reported on the
reduces with increase of % tyre waste, howeveretie flyash subbases reinforced with waste tyre rubberité

no significant change in OMC. This could be dudight application to flexible pavements on expansive soil
weight nature of tyre waste. Tyre waste materiakeuii subgrades. This paper investigates the performanice
with soil showed improvement in CBR value with itswaste tyre rubber by mixing with different perceyga in
addition up to 2% and there onwards decreased witlyash materials to find the optimum percentage by
further increase in tyre content in unsoaked/soakembnducting direct shear and CBR tests in the ldbora
condition. Hence the optimum value of waste tyretent which followed by load tests .

is 2% in unsoaked and soaked conditions. Max. CBR

values are 13.21 % and 12.31 % for unsoaked arkedoa .
condition. As per AASHTO standards the CBR valuzs f

sub grade soils lies in the range of 10% to 25 %e T petails of various materials used during the latmya
percentage improvement in CBR value of stabilizgitlis  experimentation are reported in the following stti

21% in unsoaked condition and 22% in soaked camditi Expansive Soil: The soil used as a Subgrade in this
An increase in CBR value can significantly redube t study is a typical black cotton soil collected frétazole,
total thickness of the pavement and hence the tmtsi East Godavari Dt., Andhra Pradesh. This soil issifeed
involved in the projectBaleshwar Singh and Valliapan according to 1.S classification as inorganic cldyhagh
Vinot (2011) concluded the benefits of reusing shad  compressibility (CH) as shown in Fig.1 and tableThe

scrap tires to reinforce a cohesive soil and caime&ss properties of the expansive soil assessed baseelemant
soil. From the test results, tire chips mixed icompacted | S.Code provisions.

fine-grained soil can result in greater strengthd an
improved ductility. On the other hand, the additafrtire
chips to sand increases the shear resistance herhig
displacement although the magnitude and naturenisf t
increase are affected by normal stress, chips nbiated
aspect ratio, which are statistically significart 5%
confidence level. On the whole, the results reteat the
addition of 13% and 30% chips content can be censdl
as optimum to reinforce the cohesive soil and tifgesion
less soil, respectivelyD. S. V. Prasacand G. V. R.
Prasada Raju (2009), observed that from the latigrat
test results of direct shear and CBR, the gravbbase
shows better performance as compared to flyashasebb
with different percentages of waste tyre rubber as

MATERIAL PROPERTIES

Fig. 1 Black Cotton Sail
Table 1 Properties of Expansive Soil and Flyash

reinforcing material, from the result of direct ahdests Property Expansive Flyash

and CBR tests for gravel and flyash materials ceed soil

with different percentage of waste tyre rubber, the | Specific Gravity 2.67 1.95

optimum % of waste tyre rubber are equal to 5% &¥id Grain Size Distribution

of dry unit Weight_ of soil, respectively. No sigicgint Sand (%) 9 27

control of heave is observed for the laboratory ehod -

flexible pavements for both the gravel and flyash Silt (%) 34 66

reinforced with waste tyre rubber tried in this | Clay (%) 57 07

investigation, laid on expansive soil subgrade.aktthe Compaction Properties

deformation levels, gravel reinforced with wastaety Maximum Dry 1337

rubber in model flexible pavement has shown better Densi 15.45 '
il ensity(kN/n)

performance, compared to flyash subbase reinfondtd

waste tyre rubber. Mousa F. Attom (2006) conducted OM.C. (%) 25 24

laboratory study on the effect of shredded tiresttom Atterberg Limits

physical properties of three different types ofdsamith Liquid Limit (%) 74 --

varying gradations. Each type of sand was mixetl faitir — —

different percentages of shredded tires: 10, 2@r&D40% Plastic Limit (%) 33

by dry weight. Direct shear tests were conductesidly Plasticity Index (%) 41 N

the effect of the shredded tires on the shear gfinen Shrinkage Limit (%) 15 --

properties of sands, such as angle of internatidricand PP _

shear strength. The addition of shredded wastes tire IS_ Cla55|-f|cat|0n CH

increased both the angle of internal friction ane shear Differential Free Swell (%) 132 -

strength of the sands. Additionally, a predictiondal was Soaked CBR (%) 2 4

developed to calculate the shear strength of samdtaol
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Flyash: Flyash was collected from Vijayawada Thert
Power Station, Vijayawada. The properties of flyash
furnished in Tables 1&2.

Road Metal: Road metal of size 20 mm conforming
WBM-III, satisfying the MORTH Specifications used as
base course material.

Waste Tyre Rubber Chips: Waste Tyre Rubber chiy
passing through 4.75 mm sieve were used in thidystas
an alternative reinforcement material as showrhaFEig.
2.

Table 2.Chemical Composition of Flya
(Courtesy: VTPSVijayawada

Name of the Range by %
Chemical Symbol of vg\l/eigzt

Silica SiIO 61 to 64.29
Alumina AlLO, | 21.60to 27.0
Ferric Oxide FeO4 3.09 to 3.86
Titanium dioxide TiQ 1.251t0 1.69
Manganese Oxide MnO| Upto 0.05
Calcium Oxide CaO 1.02 to 3.39
Magnesium Oxide MgO 0.5t0 1.58
Phosphorous P 0.02t00.14
Sulphur Trioxide SE Up to 0.07
Potassium Oxide O 0.08 t0 1.83
Sodium Oxide NgO 0.26 t0 0.48
Loss on ignition 0.20t0 0.85

Fig. 2.Waste Tyre Rubber Chi

I1l. LABORATORY TESTS

Various tests were carried out in the laboratory
finding the index and other important propertiestioé
soils used during the study. Direct shear and CB&s
were conducted by using different percentages dfte
tyre rubber chips were mixed with flyash lerial for
finding optimum percentage of waste tyre rubber &
details of these tests are given in the followiagt®ns

Compaction Properties: Optimum moisture contel
and maximum dry density of flyash were determi
according to .S heavy compaadatidest (I$ 2720 (Part
VIII).

Direct Shear Tests: The direct shear tests we
conducted in the laboratory as per IS C (IS: 2720 (Part-
13)-1986)as shown in Fig. 3. The required percentag
waste tyre rubber by dry unit weight of soil wasxed
uniformly with the soil and the details are shown
table.3. The water content corresponding to OMQva$

added to the soil in small increments and mixechagd
until uniform mixing of thechips was ensured. The soil
was compacted to maximum dry density (M).The
specimens were tested in a 6 cm x 6 cm square b
normal stresses of 3, 5, 7, 9 N/ for each percentage of
waste tyre rubber with flyash and sheared at aachie25
mm/min. The graph was plotted between normal saed:
shear stress at failirfor each percentage of waste t
rubber for obtaining the shear strength params
California Bearing Ratio (CBR) Tests: Different
samples were prepared in the similar lines for CB&
using flyash materials reinforced with waste tyoblrer
the deails of which are given in table 3. The CBR te
were conducted in the laboratory for all the samale pe
I.S.Code (IS: 2720 (Part-1@0979 as shown in the Fig. 4.

= -

Fig. 3.Direct Shear Test Appara’ ‘

Fig. 4.California Bearing Ratio Test Appara

Table 3.Different Percentages of Reinforcing Mater

Subbase| Reinforcing % of Reinforcing

Material Material Material
Waste Tyre

Flyash | o per Chips 0,1,2,3,4,5,6,7,8

Preparation of Model Flexible Pavement

The expansive soil used as a subgrade which isated
at a depth of 0.3m below the ground level from Ra:
Andhra Pradesh. The each layer is compacted tai.
thickness in 10 layers to a total thickness of g0to its
optimum moisture content andaximum dry density in
the mild steel test tank. On the prepared expansoik
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subgrade, flyash subbase material mixed with optimuincreased from 29to 37 with 6 % of waste tyre rubber
percentage of waste tyre rubber (obtained fromrktiooy chips and thereafter decreased with further additid he
shear and CBR test results) with water at OMC i la  cohesion values are increased from 6.85 to 16.64nkN
two layers each of 2.5 cm compacted to a totaktiégss with 6 % of waste tyre rubber chips and thereafter
of 5.0 cm. These layers are also compacted to ORtC adecreased.

MDD and laid on the prepared subgrade. On the peepa
subbase, two layers of WBM-III each of 2.5 cm
compacted thickness, was laid to a total thickresS.0
cm as shown in the Fig.5.

@ —Proving ring

+— Hytraulic jack

= L = I = - Fig. 6. Laboratory Cyclic Load Test Apparatus
ial gauge
s \%%L*‘&“Bﬁh‘ﬂnf California Bearing Ratio (CBR) Test: CBR tests were
conducted for flyash materials reinforced with eliint

z bl percentages of waste tyre rubber chips and thdtsesere

i
EUcml" e cnd presented in the Fig.8. It is observed from thatfiigash
Zie s subgrade reinforced with waste tyre rubber chips, the soak&R
| | values are increased from 4.0 to 7.23 for 6% oftevage
Fig. 5. Laboratory Experimental Set- Up for Conéugt  rubber chips and there after decreased.
Cyclic Load Test

w40 1
Cyclic Load Testing 835 -
Cyclic Plate load tests were carried out on flexibl| € 37 37 37
: . . € 30 33 34 35
pavement system in a circular steel tank of diamé@® o 31 32
mm as shown in Fig..6The loading is done through a| & 2529
o - 716.6416.636.63

t

circular metal plate of 200 mm diameter was plasedhe 20 A 313.91 15.2

. o0 12.2413.1
center of model flexible pavement system. The Stmak c 154 10.77
is placed on the pedestal of the compression testif & 106:85
machine. A five ton capacity proving ring is conteetcto

: ; 5 7 .
the loading frame and the extension rod weldedh® t —a&—Cohesion (kN/m2)
circular plate is brought in contact with provingg, two 0 ' ' ' '
dial gauges of least count 0.01 mm are placed emtétal 0 2 % of Wastg’ Tyre Rubb%r 8

flats welded to the vertical rod to measure theticalr . —
displacements of the loading plate. The load idiagpn F'gé?' \f/arlagon.t%f S_f;fear Sttzin%tr\}vPa{arpreter;:f%absh
increments corresponding to tyre pressures of 500, einforced wi irerent Yo ot Yaste Tyre Rubber

560,630, 700 and 1000 kPa and each pressure inatésne
applied cyclically until there is insignificant irease in the 8 - 6.81 723 7.11 g9

Shear Stre

settlement of the plate between successive cydlbs. 5.93
testing is further continued till the occurrencésadure to _6
record the ultimate loads. These tests are caoigoat X
complete saturation state. L4 4
(]
©
IV. RESULTS AND DISCUSSIONS 82 -
(5]
o
Direct shear and CBR tests were conducted as per || 0 . . . .

2720 (part XIIl, 1986); IS: 2720 (Part-16)-1979) 0 ) 4 6 3
respectively in the laboratory for flyash materiatéxed % of Waste Tyre Rubber
with and without reinforcement material of wasteety
rubber chips with a view to find the optimum perte&e g g variation of Soaked CBR for Flyash Reinfeic
which followed by load tests at complete saturatzom with Different % of Waste Tyre Rubber
the results are furnished below.

Direct Shear Test :Based on the results, shown in the
Fig. 7, it is observed that, for flyash reinforosdh waste
tyre rubber chips , the angle of internal frictiesues are
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Fig. 9.Pressure Vs Deformation values for Flyi
Subbase on Model Flexible pavement system lai
Expansive Soil subgra
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Fig. 10. Pressurg&otal Deformation for Reinforced ai
Unreinforced Flyash Subbase of Flexible Pavemédtda
Expansive Soil Subgrade at Satura

PresswedkPi)
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Elastic Detonmation ]
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Fig. 11. Pressurkiastic Deformation for Reinforced ai
Unreinforced Flyash Subbase of Flexible Pavemédtda
Expansive Soil Subgrade at Satura

Cyclic Load Test Results

Cyclic load tests were carried out at complete satur
states of the expansive soil bed at different pmes
increments. The cyclic pressuleformation curves fc
waste tyre rubber chips reinforced in flyash subblasd

on expansivesoil subgrade pavement system teste
saturation are plotted and presented in fig. Bait be see
from this figure that the deformations attained ikdopium
after six cycles of loading and unloading for dtle
pressure increments tried during thd¢udy. Higher
deformations are recorded at higher load interssitis
expected. Similar pressudeformation patterns a
observed for other conditions of testing also ekdép
variations in the magnitudes of deformations. °
maximum and elastic defornion values obtained for
different tests are deduced from the cyclic pres-
deformation curves discussed in the following et
The pressure deformation curves for different moc
flexible pavements constructed on flyash subbaiseda
expansive sbsubgrade, shown in figs.10 & 11. At all t
deformation levels, waste tyre rubber chips reicdd
flyash subbase stretch shows better performanc
compared to unreinforced flyash subbase str

The total and elastic deformations doad of 1000 kPa
are equal to 37.28 mm, 16.36 mm; for untreatedcsty
26.36mm, 14.72 mm; for waste tyre rubber cl
reinforced stretch respectively. The total and tad:
deformation are decreased by 31%, 19% waste tyateen
chips reinforced stretctas compared to unreinforc
stretch respectively. However by providing reinfarent
in the flyash subbase course, the load carrying@apof
the system has increased by 12% percentages fde
tyre rubber chips reinforced stretch saturatedestdithe
expansive soil subgrade. It can be observed tleataid
carrying capacity is significantly increased ancsét
deformation is decreased for the waste tyre rulchgrs
reinforced flyash subbase stretch compared
unreinforced subbase stretch redively. The
improvement in the load carrying capacity could
attributed to improved load dispersion through fieiced
subbase on to the subgrade. Th-turn, results in lesser
intensity of stresses getting transfer to subgrates
leading to lessesubgrade distress. It is observed from
pressure deformation curves for different reinforcem:
materials in flyash subbase laid on expansive
subgrade. At all the deformation levels, reinforaeaiste
tyre rubber chips flyash subbase stretch eits highest
load carrying capacity compared to unreinforcedagh
subbase stretches.

V. CONCLUSIONS

The optimum percentage of waste tyrubber from
direct shear and CBR test results is

The load carrying capacity of the model flexil
pavement system is increased by introdu
reinforcement in flyash subbases laid on expanswié
subgrade.

The total and elastic deformation are decreaseglby,
19% waste tyre rubber chips reinforcestretch as
compared to unreinforced stret

The maximum load carrying capacity followed by |
value of rebound deflection is obtaindor waste tyre
rubber reinforces pavement as compared to urorced
flexible pavement system.
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