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ABSTRACT

Prese b A : g, g o . P
cnt study was carried out to nvestigate the performance of electronic waste (E-wuste)

modified soil and bituminous mixture. E-waste used in the study were obsolete PCs (Personial
Computers) that were not in application and were intended to dispose.  F-waste were brought
from computer cenire. Tezpur University (India). Soil for the test was collected from Napasm,
Tezar (India). Soil was dried in oven in the laboratory. Plastic from the c-waste were separdted
and shredded into rectangular sizes of 3mm « Smm. These were then mixed with the soil ar 10%,
20%, 30% and 40% of dry weight of soil sample tested to investigate mechanical properties of
soil necessary for subgrade construction, Inéluded laboratory test were compaction  test,
California bearing ratio (CBR). direct shear test. The result of the e-waste mixed soil were
compared with that of normal soil sample and found 1o be improved satisfactorily. The present
study concluded that the presence of e-waste in soil enhanced the overall performance of

pavement.
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CIAPTER 1

L INTRODUCTION

Flexible pavement is hased on layered structufe concept in which stiff layer is kept at the top and
the weak layer takes the place of bottom layer. Pavement structure rest on the subgrade which
takes the load of traffic ultimately. Repeated load of the teaffic makes the subgrade to undergo
permanent deformation or rutting. In design of the thicknéss of flexible pavement. stiffness of the
subgrade is taken into account, Higher stiffness of subgrade soil corresponds to lesser thickness and
vise-versa. This concept bas introduced the soil stabilization techniques in road construction. Soil
stabilization technique impraves the stability or bearing power of the soil by use of controlled
compaction, proportioning and addition of suitable admixtures or stabilizers. Present investigation
focusses on the soil stabilization technique using proportioning method to improve the stiffness
parameter of soil. In praportioning technigue, soils al‘rd._uggr_cgat:_ are mixed in suitable proportions
and compacled 1o serve the desired objective. Objectives of soil stabilization covers incresse n
stability. change in properties like density or swelling, change in physical characteristics, change in
chemical properties, and muintaining desired minimum strength by swater proofing. Conventional
propoertioning techniques follows improvement of ting griined soil by addition of gravel and sind
components in suitable proportions. [n' the present study, atiempt was made (o imm the locally
available fine grained soil using pellets of electronic waste (e-waste) plastics. Rapid advancement off
electronic technology hias mude consumers (0 discard okl electronic items irrespective of their utility
by 4 new one. Such discarded items later becomes e-waste {electronics me}chsﬁaadﬁrm_
recyele or disposal. Apart from the reuse and recyele, disposal of e-waste disorderly ercate hazud to.
the living things of land, water and wie. Component ineluded iy '.I'm_ cowauhte ure ph&ﬁb, WW’
loxie metals that take years o undergo decomposition. Globally. the figure of generation is more than
SOMT (million tonnes) every year. fndin preduces abaot 4 Takh ennes of electronic waste annually.
Generation of e-wiste in India was 147 lekh tonnes or 0575 M per day in 2008, iﬂumoﬂ?qg;lm:n'i
report published by Ry Subhia, India states that the e-waste would juimp by 400'per ceht on 2007
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: tal e-waste generateq

e urrently, 4% ol to n
00 per cent in India by 2020, Currently S o R o

levels i Ching and by 300 per cer dle by either informal sector or left to

. _waste is lefl to han _
Indi is roeveled, Remaining portions oF eswaste ¢ technology to recyele the e-waste, The non.
the around. The issue with the informal sector is the techn h {I@Uﬂ loXins to.the Wﬂﬂuﬂﬂmg
scientific and melficieni method of reeveling ﬂﬂ-‘fﬂlsw e | ground due to lack of mmhﬂmﬂn
envimnment. In many places. e-waste is left ﬂf&ne-'ﬁ,\:ﬂfyhﬂn!?mﬂ gro ue

of callection and processing. Chances of consuming such wﬂsw by q_h"dn'ﬂ' _'Emﬂ'?ﬂ! E"d bmf'l_&:
remains as a threat. Current demand is to-address the issue of e-waste in India as soon as Possible
with ﬁ'rt"!\‘”ti{'ic'ﬂliﬁi.‘ method. Present study attempts to reuse the e-waste P!mc . Wnﬁﬂ'ﬂﬂﬁﬁﬂ
work. Good guality of fine grained soil necessary for subgrade construction hi"#%}’ﬂ“l'“ demand and

When the demand is not met, soil stabilization technique is use. nithiepe oning tethod of soi
stabilization. pellets of e-waste plastics was used insicad of gravel and sand components in the
present study to'improve the fine grained soil, E-waste plastics was separated from

#nd then shredded into pallets of 3mm % Semm; These were then mixed wi
Propartions of 10%, 20%, 30% and 40% by weight ﬂfﬁ!}"SﬂlLN
soil samples were used 1o CarTy out various zeotechnical test Lo investioate
Fhe result of the e-waste mixed soil were compared with that of normal :
be improved satisfactorily, The present study concluded that {1 I
enhanced the overall performance of Pavement. - -
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CHAPTER 2

REVIEW OF R&D IN THE PROPOSED AREA

......

nviterials. Dr:mgn standurds for pavements are mew o ﬂphﬁm |ﬁm¢m 'md'
structural - requirements taking into account of material properties. Unfortumately.
availability of quality materials and their performance governs design and performance of
such pavement in field. With the advancement of &ﬂa‘tgn-'mgﬂluél's; people have also:
understood the need of good road materials and correspondingly carried modification and.
improvement of conventional materials. Glassphalt. Novophalt, Plﬁfﬂ,ﬂmmmﬁv

few materials o name.

The pmpmed study is intended to pri:pa'.r'é cojﬁp‘.:mti: materials w ~ ing.

lass. This material on
dumplnu disorderly becomes hazardous c:antammatmg tl'm m"l and MTm
and scientist throughout the world have contemplated the matter and » nur

of studies and investigations as of now on potential application &i‘"\_

= i e T

of asphalt and asphalt mixture. Following sections diseusses about the studies

modification of road materials carried out in India and abroad.

2.1. National Status Review

U2 O AT T4
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5 of e-waste have not

o components
| ewnste, Cliremt bl andd othier compe

ol platfonm ineluding Indin, Ther
and rubber materials in

the ehiel constients glore. this section

vot studied i large ceahe I it
| dion of waste plastic

it the proposed study excludes

dekorities state-olar st on uniliz

constanction i Tndin It is mentioned bere

p:n cimenl

et items Teomy the e-wasie.

- J
S 17 Rinamimons mixture podiffcation using e=Wasie

Recently waste polymer has got its impgirtance as modifying agent due (o minimum cost '
and easy availability to improve the mechanical propertics of paving bitumen. Fanda.ctal.
(1997) anempted to develop l}iiuminm_l_s{l.'paﬁng-:'ﬁindﬂ containing reclaimed polythene
extracted from polyethylene bags. It was observed that the polythene ﬁ:“?“a‘:d bitumen
showed decrease in penetration, ductility and the specilic gravity and increase in the
softening poimt and viscosity. To carry out further study on this composite material.
Pands ¢ al. (2002) conducted a series of laboratory experiments to evaluate the
mechanical properties of modified biﬁd&r-fﬁiﬁnmnﬁ &I‘Idm:!ﬁtttm 'cmlah#ing modified
bimder. This modified mixture on E:ﬂmpfaﬂng with Il:i:lxtum Ot " -neat bitumen found
heer in ferms of Marshall Stability. resilient modulus. fatigue life. and moisture

susceptibility.

Kumar et al. (2003) and Sridhar et al. (2004), fﬁlmd significant improvement in plastic
waste incorporated bituminous conerete in terms of a mmwﬁfm mu;l maolngml
propertics. However, Kumar et al. added a m;uml];e Ll .:r'

plistic af difTerent priportions fo prepane the mix. Fatig
resistance and indircat. tensile strength off comp
considerably increase in yulug. I‘Iﬁmﬂm rﬂgaﬁ
soking in diesel is lesser for the slmt;ynen.. ywepared
neat bitumen, On the contrary, 3#1’&[_{1;;';! g.._;.g. A
better resistance against water damage under adyerse

Punith et al. (2004) als;t carried out
plastic and found the improve
hltummml@:g £ 1} fatieue res i
m&&&ﬂ'mﬁm _’.I_I j-".1:]'-."1.?{'-.".;:.}‘ W
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Vasudey
- VAN ¢t g 9 AT : . TTFE" 4
al. (2006) adopted dry process to prepare waste plastic mixed bituminous
conerete. Mustic canted < e i : :
astic conted stone agereoate upon mixing with bitumen Found higher Marshall

Mability and Murs . _
I ¥ and Marshall Quotient it less hinder content. Moreover, conting of molten

AR BUGE. s _ 3 I o
P ver agerepite wis observed feduction in watier shsorption and o SLEIpIng.

Punith et al. (2007) studied (he Behaviour of polymer modified asphalt concrete mixtures
0 evaluate the mechanica properics. Performinee of PE (polyethylene) modified
bituminous mix under dynamic ereep test, indirect tensile test, resilient modulus test, and
Hamburg wheel track tests found better thim the conventional mix. Kumar et al. (2009)
studied the rheological properties of waste plastic modified bitumen. Conventional and
rheological properties of modified bitumen (before and after ageing) at different
temperatures found improved. Modified bitumen performed better elastic response in
Dynamic Shear rheometer. Specimen prepared with this modified bitumen was observed
higher stability value compared with an unmodified one. On the ather hand. Shankar et al.
(2009} carried out investigation on semi dense bituminous concreie (SDBC) where
shredded waste plastic is added by dry process. Based on the test results and analysis. it
was observed that the moditied SDBC has not only higher Marshall Stability. flow and
mdirect tensile strength value, but also has stronger resistance to stripping and rutting

compared to conventional SDBC.

Study conducted by Sabina et al. (2009) found significant improvement in properties like
Marshall Stability. retained stability. indireet tensile strength and rutting characieristics off
PP (plastic/polymer) modified bituminous concrete mixes. Based on the investigation at
lahoratory. it was concluded that the waste: PP modified bituminous concrele mixes are
expected 10 be more durable, less susceptible o maisture in actual field candltmhswith

improved performance.

Sreejith (2010) studied to use higher pereentage of plastic Waste in flexible pavement by
fllowing dry process, where aggregates were coated with plastic waste. Evaluation of
bituminous mix coated with plastic waste at laboratory and at field showed better
performance of bituminous mixed prepared with PCA (Plastic coated agaregute) than that
prepared with plastic blended bitumen. Higher Marshall Stability value, hctwr bm&ﬁrig
property and no stripping are the few advantages observed by Srecjith. However. quidh‘-

caised the issue of health hazard and environmental pollution on such technology.
3
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¢ Tor modification of RO/T0 pun::lrallinn grade

(e procedur
rom low=density polyethylene carry

Punith e al. (2011) reported
clnimed polyethylens (11 ) derived

it using e degradation,

i ot i syjstance to aging.
baes. Beside the improved properties in storage stability. fesista g
pluie susceptibility. nodificd asphalt expe

\thermal degradation and larger clastic

o that of neat bitumen.

sieheed lower strains than the neat
and tempe
asphalt in dynamic sheat theometer test. No

recovery of modified bitumen has been observed compared 1

all (2011) discnsses on use of plastic waste o improve the road quality for

Sangita ¢t
for construction’ of flexible pavement. Different method of preparing

Haryana state
modified bituminous mixture using waste plastic included wet process, dry process and

semi wel process. Matshall Stability. retained stability and indirect tensile strength were
found higher than conventional bituminous mix irrespective of the method of approach.
Mareover. formation of toxic gas was not found in the laboratory test.

Vasudevany ‘et al. (2012) observed better performance of plastic mixed bituminous

concrete in laboratory and in the field. Marshall Sp_ﬁcihlﬁn pmpart:;:lwith aggregate coated

by plastic (PCA) exhibited higher Stability value. And in the field mﬂ, rond laid with

PCA + bitumen mix found higher load bearing capacity by 100% and no formation of
potholes. Shiva eral. (2012) investigate theeﬂ'acts@fwasmmmhgtﬂesgn the strength

and stability characteristies of BC (bituminous concreté as surface course) mix. Marshall

Stability ol the modified BC was found m}atiw[y h]’gher‘thmthgtafthé gg‘m'g'djﬁgd BC..
However, stability value of specimen in water sensitivity ,tm uhmmddecmmng,

21,2 Seil modificarion using waste plastie

There §s a gap of study and investigation in ground improventent techiiold BV Gsinn e
e-waste matefials in India. Soil is the foundation of pa menttaling it -.!m‘f dﬁh@“ﬁﬁﬂ-
from the traffic. Subgrade ormed by soil gaverns performance of .

Subgrade having high strength and gmm&i
pavement engineers as it reduces the oy,
is always attempled to improve subgrade
lound s poor in - Gen
commonly in field in sucl
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UEL
OF 301 5y e il for s

Il improvement. Peoprosed sty I attempred 1o use ¢-
WOSIe s the

L)
SO wakte for soil invprovement pumpose. Careently. however no such stiacly

and inye

4l
bi ,.ﬂtﬂ e ang carried il Inste sl o That. & . of repts T I“'lﬂl"hl!' '“l-""ll_. e
Prossihle

“\'{ il “H'-Il 1“‘1‘&1"- I”f ‘l{l" "‘“I}]‘"\.{ 1o "_l l“""“lni‘ '-ﬂti““ 1“,."“._._.“:.‘ “.": stivte-

i) i
Of-an o the yse of wiste plastic in sofl mpeovement in India

Rav et al (2004 thvestigated the performance of soil mised with saste plustic strip.
Sps of carry bags and packaging materials were mixed wl'lli sal in dey condition soil
and then performance wis meastined using labotatory trinxial fest. Based on M} e
and analysis. it was coneluded that the bearing capucity of granular trench increases when
sand-waste plastic mixtures s gsed. Similar attempt was made by Dutta et al (2007) 10
improve the subgrade soil, where stone dust and My ash were reinforced with wastc
plastic strip. Laboratory samples were prepared by keeping these compasites over
siturated clay. From the CBR behaviour of the samples. it was mm the
material could be used for base course construction for low volume roads over satarited
clay. Prasad et al. (2009). Choudhury et al. (2010), Bhattarai ctal, ﬂﬂl‘ﬂﬂlWlﬂ
al. (2013) used plastic strips as soil reinforcing material in their study 10 improve strength
and deformation behaviour of subgrade substantially.

Asral et al. (2011) carried out investigation on raw plistic bottles and hm&ﬂﬂ.
stahiliser. Plate load test was carried out on layers of soil min.ﬁjmuﬂly M _I

filled plastic bottles, half cut dnd then sand filled bottle pliced umﬂﬁ;ﬂiﬁm
of test tank. Amount of plastic strips needed plastic strip m&ﬂ'nmﬁf and wa
from CBR test. Based on the result and analysis. it was con
stabilisation using cul bottles placed at middle position wﬁgﬂ‘;ﬁ ¢

increasing strength of soil

Subramania et al. (2012) studied the ellect of Tibre of waste plasti
stabilised mud block. Fibres chopped from: carry bags .u'. Ly
mixed with soil containing lime and cement, Mud blocks made §
were hrought 1o carry out faboratory test, From the test resulty, i
pn:rlhnn'andc of mud blouk is better in compared W raw soil i
and post eracking ehuracteristics. Similar study was performed
and Poweth et al. (2013). However, Poweth et al, added stone dst slon

7
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plastics provessing unil wass added with

\'H 1HTEN \1 |l1-h Ii!“ Sl IC “,,11,“ |t|
ll“Hh'- l"‘\l"t*- o '('1

in maximum dry density,

plastic wiste fing stane dust shows

soil. Thio olssetvitlion fiavened At sl and
" roise
higher CIR valoe ns sofl and plastic i alane showed dece

32 Insernntionnl Stntus Review

Gy o cwaste matcrints stadted with develspment of various recyeling technology.

Fem --11m'ﬁr:ﬂ were carried ot on recyeling of e-waste plastics: by Achilias ¢t al. (2069),
Ansndhan ¢ 4l (2002), Yokovama el al (1995) snd Li et al. (2007), However, Jeong et
al 2010y aempied to use waste polyethylene (WPE) film in asphalt mixture lo improve
ite performance. Optimum WPE wiis meastired using conventional Marshall Method.
From the results, it was observed that as'&l!ﬂl mixture mmaimhg WPE had higher
Marshall Swability. indirect tensile strength and better rutting characteristics compared to
anemal asphall misture without WPE. Colbert (2012) studied nkhnsi“h o potential
application of e-waste for improvement of asphalt and asph: t mixty '- :
was grinded into powder before adding mas;ﬂuﬁ,ﬂdﬂiﬂm &ﬁawm was made in two
wayvs, In first case, e-waste was added d.imuﬂy 1o the asphalt mixty

c-waste was treated with chemicals nnd lﬁl.':l'l ndded tﬂﬁtﬂm Cmixture. The study
concluded that e-waste added asphalt mimm; erforms
Runlng susceptibility, dynamic modulus atkm \
performance are the few improvements found in the st
campatibility. mutier between ﬂﬁ[ll'ﬂllt and e-waste i
nuccimum perlotmance. On further ﬂtﬂlﬂﬂu "
based on waste plastic muteridls that gy, m

hruminous minture.

220 Bivumineus mixiuve Wﬂfﬂfmm

e et a1 (1986) obnerved thu ¢ -'fi?f“-f'—'*ﬁ‘-":’.’i- o
maderinls could estond orvice e g ol
Dynamic  mechunical mmw o
femperature exhibited consisin wilh the
:pgﬁ'ng mw P |u'_.:-'|t_-'_-__"!§- T

FOEZ AN ATNT:8
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of sphalt binder. T .
i fder. The I filler ncts as o binder, restricting the fow of the aaphiali until
e il selr . .
I starts melting Tlowever, the overall flow of the mixture i dominiated by

the ow properties of 112

II!}““ (19931 disousses fhe peuse of waste plastic as an asphall cement modificr in
highway. Plastic whste contains polvethylene and polypropylene, which wis Sl ity
asphalt. Plustic mixed asphali found better performance thitn unmodified asphalt in the
laboratory and in the field. T addition o it the mix found suitable from econcimbc and

environmental pomnt of view.

Zoorob et al. (2000) developed a new material culled Plastiphalt composed oF
continuously graded asphall ¢oncrete containing recycled plastic aggregate to replace a
portion of mineral ageregate, Plastiphalt  exhibited improvement in engineering
properties. Marshal Stability, resistance to deformation and static indirect tensile strength
of plastiphalt found hetter than that of the control inix. Although Plastiphalt mix provides
remarkable elastic recovery. it has lower creep stiffness and indirect tensile stiffness
modulus values than that of the control mix. Garcia-Morales et al. (2004) mixed the
recveled EVA/LDPE (ethylene vinyl acetate copelymer and low-density polyethylens) 1o
modify the properties of bituminous binder. Study showed that pﬂiymcrun blending with
bitumen modifies the melt processing character istics of bitumen, whilst the: ﬂscoﬂnsﬁc
prope
reported to provide better mechanical properties of bitumen in the tempera
where the material is used as a surface coating. Hinislioglu et al. ﬂﬂﬂi}ﬁhsemnd :
Marshall Stabiltiy and Marshall Ouotient values of waste plastic modified b
mix than that of conventional mix. Casey et al. (2008) selected LDPE and | d_ﬁ,{'ﬂ'ﬂw
and high density polyethylene) as the suitable polymer contained in mpm
material, based on the laboratory test 10 lind its mm;-nm.nhihty with ﬁmm
mixture prepared with selected polymer and hitamen results in betier W
wheel tracking test and indireet! 1ensile fatigoe test. Abdel-Goad {Bﬂﬂgﬁ mm

plastic bag sould be an dltgenative matenial 0 mﬂdjfy bjiviie

mental and gcoriomical points of view, based on ﬂmﬂ@‘iﬁl s IEI
A0 fl{'ll.ﬂld mhuncmgmaﬁmiw 'ﬂﬁ S ker

dies of the semi-salid composite are enhanced. This enhancement of viscosity wﬁs !

environ
addition of waste plastic to bitumen al

‘ FI |||||'.-,

ety T
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{al Wy evaluated the theological properties of
jliintar of @ 15 ) R i |
" The recycled PET modified

A alnil | -
gefe piastie material,

'Iillllul W
aint and viscosity, lower pen

modulus and lower nhase angle) i“dit:aling

Nuahires el al o

T LL L [t e
powed higher coffening P

Pty St ! .

. o comples shear

propertics (higher
fis rutting and permanent de

Vikeoelasiie [oriation compared 1o that of original

the highet prsistande

Iiniler

Rahiman ¢ al. (2011) evaluate the fLw'}fclﬂd"higﬁ-dcnsi;y polyethylene (HDPE) modified
o indicates that the addition of recycled HDPE to bitumen enhances

witumen. The finding
modified binder. Moreover, decrease

entional and morphology properties ol the
in penetration. inerease in softening point and Pl (Penetration Index) were observed,

indicating an jncrement in hardness or stiffness properties of the HDPE modified
hitumen. The study reported that the flexible pavement constructed with such modified
kitumen could resist the pavement failures. Ras;;;'g;.-ﬂl__@_(gﬂ:| 1) used the binding property
of molien PVC (Polysinyl Chloride) obiained from domestic waste to modify the
properties of bituminous  concrete mix. Mnrsha]_[ Pammetem of the PVC mixed
bituminous concrete was observed well Withiu the acceptable recommended Timits
specified by AASHTO. Based on the ﬂxpmmentalmumgf stability; stiffncss and void
characteristics, the study concluded that the dense graded bituminous concrete containing
waste PVC could be used for flexible pavement construction in warmer region. Silva <t
al. (201 1) concluded that the bituminous mmumﬁr.,gmj yrating waste polymers could be
a suitable macrial for paving works from technical and cnvionmental point of view.
Evaluation of asphalt mistures added with polyethylene (high density polyethylene
(HDPE) and cross-finked polyethylene (PEX) bised wastes mateial.in asphal mitures
showed significant performance in terms of walter sensitivity, permanent deformation
resistance and temperature susceptibility. Similar ﬁﬁﬂiﬁ W’!ﬁ&&b’aﬂn , mdf’h)!
Abmadinia et al. r"ﬁll) ;[ngamgmﬁﬁﬁ-.: of _‘m ! o

the eoiny

3 \wﬁnnﬂm mﬁhh
.-m.n e .-4.-.1. ﬂia: mﬁha
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Nassar ¢
; al, (2 =
(202 studied marphology and thermal properties. of modified bitumen

::I:::? ::n‘:i:':‘i- waste Polystvrene. Apnri from the observation of the improvement in

es of moditied bitumen over unmodified one, it was also found that
Polymets contained W the waste materinly are compatible with hitumen, which imparts
thermal stability 1o (he asphalt, On the basis of observations, Kahman et al. (2013)
reparted thit waste polyethylene imodifier aind waste PVC mudiﬁnr ¢an be used for
flexible pavement construction in warmer region from the standpaint of stability, stiffness
and voids -..harnch.-r;m-.:u Evaluation of properties of -mlﬁﬁulbindﬂ II'Id mﬂmm
the modifier used in the stud}- were within the ncunpuplu W_ h,dlﬂ_ 'M,*ﬁkh it
concluded that the polyethylene and PVC could be vsed 1o preparc dense Mw

concrele.

2.2.2. Soil modification using E-waste: international statns review

E-waste has not been studied for modification or stubilisation for pavement construction.
Plastic ‘and circuits boards which are the mmﬂrmmmﬁﬁf&mm‘*_ '
materials to be used as a soft aggregate for base course &ﬂdﬂwm ESCAr
has heen progressed in soil stabilisation techniques using waste plastic. Fletcher et al.
(1991) added polypropylene fibre with sail and found improyement significantly in CBR
value ranging from 65 1o 133% over normal soil. Craig et al. (1994) used strips oF plasti
orepared from reclaimed HDPE (High Density Polyethylene) in the as
and 12 1o investigate its effect on sand soil reinforcement. Resulis and

that addition of strip increased the engineering properties ﬂf‘-hil'm hi
value. secant modulus, resilient modulus and. shear stron :
reinforeed sand were depentent on'the aspeet ratio. Sﬁl_il [
Nilo el al. (2002), in which swips of plastic hottles were rnd
imprave the engineering behaviour of the composite. Bueno etk (1
investigation on soil of three different types mechanically stabili
strip stabilized gneiss residual soil, sand soil and ma
series of laboratory test, The results showed that ¢
mﬁﬂ;.ﬁéﬂﬂﬂ&ﬂﬂpﬂﬂﬂhdﬂﬁﬂﬁlﬁﬁ permeahi " nd

Plastic
carry out @
improves strength,

o '-.' ' .
P02 01 111148
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- i “waste plastic strip reinfore
Sobfian et al. (2003) to evaluate (he mechanical behaviour of waslie plastic strip orced
Sobhan ¢ -
o 1y ash. Strip of waste HDPE was added to cement sand and

soil containing cement and | o
mbination of cement. fly

rom the laboratory data that co
plastic strip held higher compressive strength. split
[t was also observed that addition

flv ash mixture. It was ohserved I

ash added soil on reinforcement with
tensile strength suitable for base course of a pavement.

of plastic strip: significantly increases the postpeak load carrying capacity and thus the
ite. Further study and investigation on soil

fracture energy of the soil composi
teted by Kulmba et al. (2013). in which

reinforcement using waste plastic was cond

plastic strips were reinforced with sand soil. Polyethylene shopping hags are cut into

strips of length 15mm to 40mm and width 6 mm to 18 mm were mix randomly with soil
and Shear strenath parameters were obtained. The laboratory data and analysis carried out
n the study showed that the soil plastic strip composite materials perform effectively in
some geotechnical application as the fibre of plastic acts as tensile member. However,
study on soil-plastic interaction mechanism was kept for future work.  Although nos.
studies have been carried out on plastic fibre reinforeed soil since last two-three decades,
plastic used in most of study were not recyeled from waste plastic materials. Such studies
include Gray etal, (1983), Freitag (1986), Kumarct al. (1999), Kaniraj et al. (2001). Tang
et al. (2007) and many more. Those reports are discarded in this section as the proposed

study is on investigating potential use of e-waste in pavement construction.

2.3, Summary

E-waste has not been taken for investigation to learn its effect on the pavement structure
at large scale. E-waste composed of many. materials inﬂ]ﬂdhig plastic, metals, s
Colbert (2012) attempted 10 use only e-waste | ve performance of asphalt
mixture.  Few reports were also published discu:
plastic. There are a nos. of réparts has published 2 _ dy on fwm piasﬁ;; to
improve characteristic of soil and asphalt mixture, IR
for the use of waste plastic in hot bituminous
Many have also observed better wﬁ;
subgrade and bas!.'lﬂggtmm oy
amnng_rthu sment and environm

ED 'rﬂ TTiMT:49




OBJECTIVES OF THE STUDY

After going through extensive literature survey, following observations have been made.

. Study should be carried out on other components of e-waste including plastic.
Considering only the plastic part of e-waiste again leaves other e-waste at landfills again.
Therefore a method is needed where all different types of e-waste excluding recyclable

waste could be used. This would reduce the e-waste to higher amount..

1

Technology demands simplicity and easy to he - : _--

complicated procedurals are avoided as far as possible at sﬂe as such methods scale
construction cost 1o higher range and skilled personals are necessary.
ditficult treatments of waste plastics or e-wasie to make

construction needs strong supervision.

£
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5
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5
2
2
3
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=
%
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B
o
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=
E
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from e-waste could be used as saﬁ aggi‘ﬂsﬂfﬁ ihl "..

Previous studies and investigations were intended 10 dese
application of e-waste in road construction bam Gﬂ*ﬂlﬁl soral
strength and compaction and better didinage characteristi
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i detail when materials are modified wigy

desitable properties it feed to be addressed

C-WasIe.

3.1. Objective
Fallowing are thie objeetive set in the proposed study
[, Evaluation of compaction’ eh&mﬂt'et'iﬁﬁ;:ﬂfwil and e=waste madified soil.

Evaluation of shear smglﬁ-cﬁal@ﬂleﬂﬁﬁfﬂfﬁﬁil ;
valyation of unsouked CBR value of soil and e-waste modified soil.
svaluation of soaked CBR value of soil and e-waste modified soil. :

5
=
N
4




CHAPTER 4

MATERIALS AND METHODOLOGY

The following section discuss the materiils and the methodology folluwed in the present

My estigation.

The materials that were required for the soil and c-waste. The soil was collected from
Naspam, Tezpur (Assam). The soil was dricd in oven for 24 hours and pulverized in the
laboratory. The e-waste was collected from computer centre, Tezpur University, {India).
Included e-wasie in the study were keyboard, mouse, CPU and monitor. The plastics were
separated from the metal parts of e-waste in the laboratory. E-waste plastics were later

shredded manually into the rectangular size of 3mm = Smm.

Work done in the study can be divided in the following parts:

4.1. The preliminary tests on soil are-

i. Sieve analysis ol soil

tJ

Specific gravity of soil

Wet sieve analysis of soil

[P

4. Anerberg's limit of soil

Proctor test of soil

A

California bearing ratio test of suil

411 Sieve analysisaf soil

Theory
The size of fine aggregate

carried out 10 determine the

is finmited fo 4 muximum of 475 mn gauge: Sieve analysis is
prading zone of fine sgeregole.
s

D2 O V1048
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CHAPTER 4

‘ 'I"{ll.i”"r | - I o ) - |

thc . Thnn the sample is keptin the top
the set of sieves for not less than )

| kg of <oil is tnke
2 36mm, | 18, 600 microns.
and cover

_ Keeping sieve 4. 75mm g
4, 75mme 2
vl 1 S0micTans: ot thie bottom
ihe sieving in cﬂrﬂu.l oul in
retained in each sieve is caleulated.

the top A
sieve (4.7 5mmk 1Tren

minutes. Then the weight aff sample
212 Specific gravin of sail

Theary
Specific gravity is’ the ratio of the mass/weight m air of given volume of dry seil (o the

muss'weight of equal volume of distilled water at 4 C. Its value helps us in identification and
dlassification of soil. The specific gravity of soil is made use of in calculations of CBR test

Procedure

Firstly the weight of an empty clean and dry pyenometer is recorded. Then [0g of soil is
placed in the pyenometer and then the Mrghtﬂfﬂiﬁﬁxyﬂm'ﬂlﬂﬁﬂnﬁlﬂlﬂg the soil is taken.
Hen distilled water i filled to about half o three-fourth of the pyenometer. Then the
samples are soaked for 10 minutes. Then a [:amql vac mnisapphedm the contents for 10

AR L A =

minutes to remove the cn!rapped air. Tﬁa vﬂmmﬁswpped tm&camfulh the vacuum line is

| with @ clean, dry cloth. Then the wemht nfzhe
pyenometer is determined and recorded lﬁ‘fﬂr | ———— i’sﬁmyﬂﬁﬂ and

Phen it is filled with distitled water only "ﬁﬂﬁm B mj;“;
with s clean. dry cloth, Then tnr:wﬁiﬂﬁﬁﬁﬂa- o

everiorsufe ofthe pycnometer is eleaned y

Wi= weight of wmainen
Wa= weight of container + soil

W= weight of container +50il  water
W= Weight of container +




CHAPTER 4

414.3 ey Sieve analvsiy of soil

T?Jt,‘nr_';'_
Sieve analysis wass carried out 1o determine the gradation of sample sofl under study.

Pl"ﬂt‘t'rfun_r

the portion of the soil passing 4.75mm 1S Sieve obtained as given in 3.2 was oven-dried at
105 10 110°C. The oyen-dried material was then riffled so that a fraction of convenient miss
is obtained. The riffled and weighed ffaction was spread out in the large tray and covered
with water, A solution of two grams of sodium hexametaphosphate per litre of water was
prepared and the soil was added o it. The mix was thoroughly stirred and left for soaking.
The soil soiked specimen was washed thoroughly over the nest of sieves with the finest sieve
Ta-micron IS Sieve at the bottom, Washing was continued until the water passing each sicve
is substantially clean. The fraction retained on each sieve was emptied carefully without any
loss of material in separate trays, The sample was oven dried at 105 1o 110°C ‘and each

fraction weighed separately and the masses recorded.
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414 .-?-"h*r'!!m'_-_: Wit of soll. Plastie limit of soll

Ty }
e 2720 (Pt 5) - 1985, Ihe

This test wae done o determing the plastic fimnit ol sasil s per | 28, ..
helow which it ceases 10

plistic fimit of Rne-grained sorl s the waler cotitent of ihe soil

plastic. 1t begins to crumbie when rolted int threads of Jmm diameter

Provedure

Fire about 8o of the soil is taken and rofled it with fingers on i EILHBS'F'I“"" The rate of mllfng
wits aintained between 80 1o 90 strokes per minute 1o frm a mim diameter. The rolling
wits continued 1ill the diameter of the threads reduced 1o less than 3mm; without any _crac.'ks
appearing. The process of alternate rolling and kneading is repeated until the: thread crumbles.
Then the picces of crumbled soil was kept iny the container 1o determine the water content
using oven drving method. The process is repeated at Jeast iwice more with fresh samples of

plastic soil each time.

415 Anerhers s limit of soil: Liguid limit of soil

Theory

This test was done to determine the liquid limit of soil as per 18: 2720/ (Part ) — 1985, The
liquid limit of fine-grained soil is the water Mﬂ‘#ﬂtﬂmt{hmﬂ mw‘y like a
liquid, but has small shear stength. Its flow closes the grobve frﬁﬁmﬁ 25 blows in
Casagrande’s liquid limit device. '

‘:
2
“
N
:
3
S
3
e
v
;:
5
—
v
S

Procedure

First @ partion of the paste was placed in the eup of the liquid limit
leveled so 45 1o have @ maximum depth of lem. 'Iiﬂﬂ;,:gmm-iijg.
sample along the symmetrical axis of the cup, holding the lool

grooving toal, the handle was rotated at the rate ol about 2 revolutions ﬁbrﬂiemﬂ.w

of blows counted, till the two parts of the soil samiple come o contact or gk
v L, sl b YT L A
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CHAPITER 4

Mined thoroughly after adding o little more waler, The test was repeated. By aliering the
water content of the soil and repeating the Toregoing operations ol least S readings were
obtained in the range of 15 1 35 blows, Diy 01l were not allowed w mix o change its
consistency. Then liguid limitwas determined by plotting a * flow eyrve” o a semi-log graph,
with nec of Blows us abscissa (log seale) and the water content as ordinste and drawing the

hest straight line through the plotted points.

1.6 Proctor st of soil

Tiwan

Compaction is the process of densification of soil mass by reducing air voids, The purpose of
laboratory compaction test is so determine the proper amount of witer at which the weight of
the soil grains in @ unit volume of the compacted is maximum. the amaunt of water is thus
called the Optimum Moisture Content (OMC). In the laboratory differem values of moisture
contents and the resulting dry densities, obtained after compaction are plotied both w0
arithmetic scale. the former as abscissa and the latter as ordinate. The points thus obtained are
joined together as a curve, The maximum dry density and the correspending OMC arc read

from the curve.

Procedure

About 20 kg of soil was taken and sicved it through 20 mm and 475 mm. A 100 mm
diameter Proctor mould was used for the study. Then about 5 kg of the soil sample was taken:
and water was added to make the soil partially maoist. The mix 'Sm::leﬂ"tﬂ mature for few

mintes. The inside surface of the mould and the hase plate way cleaned and grease
the weight of empty miould with the base plate was taken, The collar was fixed mﬂhmuﬁ
was placed on a solid basc. First bateh of soil was placed inside the mould snd ESHtmsﬂf
siandard rammer weighing 4,9 kg Is applicd. so ihat the compacted layor thickness is about
ane-fifth height of the mould. Then the top of the compacted spil wis seratehed betore the:
placing of secand layer. The seeond batch of wel soil was placed and the same procedure was
followed. Similarly, the soil was compacted in live luyers, each givien 25 blows off the
sandard rammer and haying 4 drop of 450 mm. Then the collar was remoyed. Mtﬁt excess
soil was trimmed with rimming knifte, The mould is cleaned, and wel I'umﬁ' '
hee compacted soil and the base plaie: A representative sample from the
14

e I



coplenl W # 3 i "ll I:F 2 JHJL'}”IE \\'ﬁlbi '“1[1
LY RRLLY . W, ] I] L IL[“H!! C
e L 1” L I ¥
-I m i l‘” Iht ;l! Wwe I":H.LL
= | t s ’ nl' sl clen | . I LIHCLWI |
L -' - hlulr. e I
R | lil ] I m |'| ” 4 _ 'I!-I.hI i'll ”]L" -u[]ll Ii” ll

417 California béaring ralio af senil

Theors per unil area pequired Lo penctrate into a

atio of force . -
- ol o rale of 1.25mm per minute. The

Califormia Bearing Ratio or CBR is the
a ,Tmu'r
Soil mass with a circular plunger qf S0un dian

value represents the strength of the soil.

Procedure

First of all the weight of the empty mnuld_(_‘,l?jﬂcﬂ)'{mpﬂﬁ‘lfﬁ with its base Plﬂlf: and extension
iple soil weighing 5 kg was mixed thoroughly

collar was taken (m). Then the oven dried san ;
the mould the spacer disc was inserted

a1 OMC. Afier removing the extension collar. from
inside the mould over the base plate and then a coarse filter pa
the spacer disc. Then the mould was placed upon the conerete floor and the wet soil in the
mould was compacted, 3 layers each approximately with equal mass. each layer by giving 35
blows with a 4.9kg hammer equally distributed and  dropped from a height of 450mm above

per was placed on' the top of

the soil. The amount of the soil used was taken sufficiently in filling the mould, leaving not
more than about 6mm to be struck off when the extension collar is removed. Theﬁ the
extension collar was removed and the compacted soil was carefully leveled to the top of the
mould by means of a straight edge. After ﬂ‘ﬂthﬂspmﬂrdiwﬂasmmwed by inverting the
mould and the weight was measured with the compacted sofl (ms). Now, before leaving i
mlcd:.ﬂ dmd'l :i:?j ::: samples of the material were taken at the beginning of

mould with: sample. then for the sosked condition the same gbove

with the same sample soil mass afier placing the adi

the maoisture content. First for unsoaked condition CRE
Lion Cﬂaw'wﬂlwﬂ1ﬁe SN L=
st was performed af _g;wmhm_gthﬁ

¢ was repeated

alier the completion of the compaction for determining

—— e em—— g 2
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CHAPTER 4

h:.-r placing the mowlg inclined for about 15 minutes and weigh the mould. Then the mould

was placed on the fower plate o thie testing machime with op i lacs exioiod. 16 prevent

upheavel of soil into the hole ol sircharse weights, annular disk of weights 2.5 kg was placed

on'the soil surface prior to <eating the penetration plunger afier which plage the reminder of
the surcharge weights, Then the plunger was allowed @0 penetrite tinder 4/ load of dkg to
establish the [ull contact between surfiice of the specimen and the phinger. Affer setting the
stress and strain gauges o zero considering the initial load applied 10 the plunger as P
load, Then the load was applied at a rate of 1.23mm et minite, Then e ek
at a penetration of 0.5, 1, 1.5, 2, 2.5, 3. 3.5, 4 4.5, 3 550w 12.5. Then the plunger is
raised and the mould is detached from the loading equipment. Then the sample is collected of
about 20g to 304 of soil from the top 30mm layer of the specimen for determining the water

content in accordance with 15:2720(part 4 1973.

Fig. 4.2: CBR 1est of soil

4 1.8 Divect shear sl

Theory
ar (esh was carried out 1o determine the shear strength ol soil as per 1S: 3720 - 986

[Direct she 0 195
(st is sheared horizontal under the application D_['.'\Tclftiuai';

(Part 13). The soil sample in the

loads.
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Procedim . ) . ¥ .
r” achieve optimum dry density. [he moist soil is then
L]

e soil sample was added with walet {0y :
sax of square efogsseetion thit 15
gl 1o maximum dry density.

split into two halves
prowred m the contined menal |
compaction €

allv. The Sl thin kneaded to provide
| essure pad was placed on top and the

honzont

Solid metal planes were il abwove the !v{‘!l.“-l;ilﬂl"ll. A pr
ar box apparatus. One

specimen through & static weight

 FReGL S half ol the box is pushed
entire box in placed 1n the trolley of direct she

relitive to the Tived one. A vertical load is applied to the
hanger and the soil was sheared gradually by applying a horizontal force which causes the
two halves of the box tn move relative to each other. The sh
constant rite of 1.25 mm/min. the magnitude of the shear load was measured by proving ring

¢ar is normally applied at a

and the deformation was by dial gauges. The procedure was repeated on three samples, each
subjected to & different vertical load. Normal stress and the shear stress on the failure plane
were obtained by diving the normal force and the shear force by the nominal area of the
specimen. Values of shear stress at failure are plotted against the normal stress for each test.
The shear strength parameters ¢ and ¢ parameters were obtained from the best fit line through

the points,

4.2 The preliminary tests on e-waste are-
I. Sieve analysis of e-waste
2. Specific Gravity of e-waste
3. Impact value test of e-waste
4. Proctor test of e-waste
Proctor test of e-waste using' 10% waste
Proctor test of e-waste using 20% wasie
Proctor test of c-waste using 30% wasie
Proctor test of e-waste using 40% waste
5. California Beuring Ratio of e-wagte
Califonis Bearing Ratio of “"wm'“ﬁ!ﬁlﬂs'lﬂ%m
California Bearing Ratio of e-waste using 204 -

alic
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1201 Sieve qr Hysis of e-waste

”h'mjt-
TR .'Illdl} s1s 18 carried out (8] EIE!U!"I'I'IIHI.: ”'ﬂ: gﬂldl"ll.}l"l ol shredded e-wisle.

Pre Ll 'r‘rf“f'{*

| ke of e-waste was taken from the laboratory sample. Then the sieves were arranged in order
of 73mm, 33mm. 20mm. 10mm. 4.75mm, 2mm, 0.425mm, .075mm. Keeping sieve 4.75mm
at the top and 150microns at the bottom and cover the top. Then the sample was kept in the
top sieve (4£.73mm). Then the sieving was carried out in the set of sieves for not less than 10

minutes. Then the weight of sample retained in each sieve was caleulated.

' ==1'|':..;li I
sol

Fig. 4.3: Sieve analysis of soil

422 Specific gravity of e-wasie

Theory
Specific gravity is the: atigiof
mass/weight of equal volme

2022/ 01,71 151
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Prowediine

pw._mm::.l-.r Pour distilled water o it ool i

it in the
¢ on ity side, the hole in the

cample anid place

Fake about 3008 ol
air by rotating the

pycnomete

the entrapped
outer surface of pycnometer and

with a finger. Wipe oul the

of the pyenometer Was transferred in to a tray. The

¢ 1o the same level. The weight (W1 was

was (i)l Eluminatg
apex of the cone being covered

weith it (WL Then the content

pyenometer was refilled with distilled wille

s then kept in air for 2440.5 hours to dry. The sample was then

measured, The sample W

weight (W2

Fig. 4.4: Specilic gravity of e-waste of e-waste

)
123 Impact value 1est of e-waste

Theory

The ; ; .
property of a material Lo resist impact is known as toughness. Due to 1
vehicles on the road the materials are subjected En?itﬁ"pda;"” et residth ey

into smaller picces. The, mmnia'la shan}d,,ﬂwml‘am have si

“2022/01/T 151



CHAPMTER 4
f'!'-‘h';-.« h”".

Fhi ey —— ,
Ssample consists of materiats sized 100 mm |2

5 mm: (he e-waste was sieved
througly 12 5 i

and TO0mm 18 sieves, The materinls passing thraugh 12.5mm sieve and

retained on 10 . ; :
Lol test materinl. The e-waste was potred to Bl the

O sieve comprises (e

measurine ¢ by T o . o
SUFINE cup ol about just 1730t depth of measuring eylinder. The c-waste sample was then

compacted by giving 23 zentle blows with the rounded end of the tamping rod. Two more
layers were added (o the cup in similar manner, so that eylinder is full. Then surplus part was
strike off. The net weight of the materials (W) was measured in balance. The sample was
brought to the impact machine. The cup was fixed Grmly in position on the base of machine
and placed whole of the test sample in it and compact by giving 25 gentle strokes with
tamping rod. The hammer was raised until its lower face is 380 mm hove the surface of
material sample in the cup and allowed it to fall freely on the material sample. 15 such blows
atan interval of not less than one second wus applied. The crushed material was removed
from the cup and sieve it through 236 mm IS sieves until no further significant amount

passes in one minute. The fraction passing part was weighted.

£24 Proctor west of e-waste safl mixture

Theory
Compaction is the process ol densilication of soil mass by mﬂucihs_ air voids. lnﬂjis
experiment. different percentage of e-waste (10%, 20%, 30%and 40%) is mised with soif and

test is carried out,

Procedure
About 20 kg of soil was taken and sieved it through 20 mm and 4.75 mm. A 100 mm
diameter Proctor mould was used. Then about 5 kg o the soil sample o nﬂ:ﬁﬂﬂifg_m. Ofcﬁwm
were mined and water was added to make the soil misture wet. The mix was I9il 1o mature
miniites. The inside surface of the mould and the base f’mmwﬁﬂl‘-ﬁmwl "

wilh the base plate was taken. The callar was fixed and the

“irst bateh of soil was placed inside the mould and 55

for few
Then the weight ol empty mould
mould was placed on a solid base. | s’
blows of standard rammer was applicd. 5“ "_h‘“ 'h“wm i
third height of the montd. Then the w.uf {hﬁ ‘mm . e
r was placed. The second bateh of wet soil was p

%

%

lnve
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el i flivee fayers, el given 55 hlows of the standard

{hen the

| '"i W { 1 5
Lll. In 1] ] tl . r A Ll"”ll o
L ¥ I 1C S0 W ik L-L* "“d

ranunecr wg 11
iwhine 4,75 K 5
i ¢ 475 K o having 9 vy b 45t : SHos
1 ECRAEBLLL . allar Wi 5

[ e muoulld was © weighted the

Jeaned, and
from the mould

d fior waler

'lh—' CANUiss

B _
ofl was trimed with wimming knile
presentinve sumple

roceiure wirs repeate

re was repeated for sample

mesled with the ¢
ith the compacted soil and the hise plite A e
wits taheh gl 1
its water Content wis determined. [The above p
comient vahoes of 3% I |
s W, 170 2, 220
- 2, 22 dndd 259 Simila
D548 ¢ procedu

vontainimg ol and e-Wiste ol
il e-waste of percentige 20%. 30% and 40%a by weight of dry 5

4 2 5 Califcmiia } i
Hex BT Y - Il
__'.'," f““” F{'W I:l'f =3 ! I /
F=Nie .\'ﬂ”’ e

Mo
Culiforniy Bearin i
o Ra BR i
R .,i lio or CBR is the ratio of force per unit area require Ao peactiste i
* Cire : 1 '
i cular plunger of S0mm diameter at a rate of | 25' . RO
speriment difTere ' : -2JMIm per mi I
erent percentage of e-waste (10%. 20%, 30%and 41;?:} i
S sand 40%) was mixed with

soil and the test is carmied out

il 45, CBR test of 30% e-waste mi - |
te mixed soil -

Procedure

2022 01/ T 11:52
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ol the eawaste soil mistune reguired for the CBR test were determined  from the

T dry density (MDD) obtained from the proctor west. Water was added (o the e-waste
soil mixture to ac hieve the optimuim moisture content (OMC). Compaction oF the sample wils
carried out with rammer of F9%e, after filling it in CBR mould in fayers. A total of five
lavers were laid and compacted for 55 times per layer. Compacted CHR samples were
prepared for unsoaked and soaked conditions. The procedure sas repeated for the e-waste

soil minture containing c-waste 10%, 20%, 30% and 40% by weight of dry weight of soil.
5 by -
126 Direct shear test of e-waste soil misture

I'he soil sample in the test is sheared horizontal under the application of vertical loads. Here
in this experiment different percentage of e-waste (10%, 20%, 30%and 40%) was mixed with

301,

Frocedure
The required amount of oven dried soil sample and the e-waste were added with water to
achieve optimum dry density. The moist e-waste soil mixture was then poured in the confined
metal box of square cross-section that is split into two halves lorizontally. The e-waste soil
mixture then kneaded to provide compaction equal to maximum dry density. Solid metal
plates were used above the specimen. A pressure pad was placed on top and the entire box in
placed in the trolley of direct shear box apparatus. One half of the box is pushed relative
the fixed one. A vertical load is applied to the specimen through a static weight hanger and
the soil was sheared gradually by applying a horizontal force which causes the two halves of
the box 1o move relative 1o each other. The shear is normally applied at a constant tate of |.25
moymin. the magnitude of the shear load was measured by proving hmgnndthﬁ dbf&ﬂnm
was by disl sauges, The procedure was repeated on three samples. each subjected to a
different vertical load. Normal stress and the shear stress on the failure plane mwminﬁl
by diving the normal force and the shear force by the nominal area of the spmmm ’#amgwf
shear stress at failure are plotted against the normal stress for each test, The shear strensth
parameters ¢ und @ parameters were obtained from the best fit line thro

ugh the points. The
procedure was repeated for the e-waste soil mixture {:unmlnmg, -waste ‘(ﬁ. 200, 300 mﬂ
40%% by weight of dry welght of soil,

2022/ 01152




b CHAPTERS

RESULTS AND DISCUSSTION

Ihis chapter contiine . 3
hapter contains the caleulations and results of all the experimients performed on the test

soil and soil mixed with sugareane bhagasse.

AL Grain Sieve Analysis

A4 Dry siove analysis

Wt of the soil sample taken for analysis, sm = 14538.50'am

Colour of the soil = brownish vellow

Table 5.1 dry sieve analysis

IS sieve Wit retained (gm) % retained  Cumulative % retained Yo finer
100.0 0.0 0.0 0.0 100.0
75.0 0.0 0.0 0.0 100.0
19.0 0.0 0.0 (0.0 100.0
475 624 4.2 4.2 95.8
Pan 1423.1 058 _ =

Dry sieve analysis shows that the soil sampic brought for the investigation is belong o fine
arained category. Therefore, wet sieve analysis was carried out to investigate thep.nmcleme
distribution of soil sample below 75 micron. Fraction passing through the 75 micron sieve was
then used for plummet balance test to further determine the silt and clay content, Table 5.3 and
6.4 shows the result of wet sieve analysis and plummer balance test respectively. Fig. 5.1 shows

that the combined prin size distribution curve obluined sfter dry sieve. wel sieve anulysis and

plummet balance method.

202201 11152
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502 Wor sieve amalyses |>
|
Mass of total soil taken for analysis 400" gm
44 of soil sample passing 4.75 mm gieve = 95.8%
Mass of soil taken for this analysis = 200 gm
Table 5.2 wet sieve analysis
ey We.Retained o ed G““f"‘f?'“_ v 9% finer
(gm) rebuined

2,000 0.10 0.05 0.05 99.95

1.000 0.80 0.40 045 99.95

0,600 5.10 2.55 3.00 97.00

0425 6.60 3.30 6.30 93.70.

0.300 4.60 230 8.60 91.40

0212 2,60 1.30 g;_'?gg 90.10

o 9.20 4.60 14.50 85.50

0.075 38.30 19.15 33.65 6‘6.—5‘5

5.1.3 Plummet balance resy
lemperiture (1) =31.5°C
Specific pravity =2.62
Effective length (7,) =15. I em

Mean diameter (d 26.55-21 48 ~ 5.077% _W:l:lﬁm:-i-‘—-"ﬁiﬂé%f"”
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Uable 5.3, Result of plummet halance analysis

Fime t, minute Menn dinmeter, {-:_mhl _'._fn_ﬁmr
‘ I 0.047 53
- 2 0.033 34
3 3 0027 21
4 4 0,024 13
3 5 0,021 8
6o o 0.01% 5

Table 5.4 combined grain sieve analysis of the soil sample

S no. Diameter (mm) % finer than
1 100,000 100.0
2 75.000 1 00L0
3 19.000 100.0
4 4.730 95.8
5 2,000 100.0
6 1000 100.0
7 0.600 97.0
8 0.425 93.7
9 (1.300 91.4
10 D212 0.1
11 0.150 85.5
12 0,075 (e
13 0.047 530
14 0.033 34900
15 0.027 210
16 0.024 13.0
7 0.021 80
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Fig. 5.1. Grain size distribution curve of soil sample

5.2. Liguid Limit and plastic limit test

Table 3.5 and 5.6 shows the result of liquid limit and plastie limit test. Plasticity index obiaired

from ligquid limit and plastic limit test was 5.07. Based on the observe liguid limit and plastic
Tuble 5.5. Result of liquid limit test

Determination no. 1

5

4 5
No of blows (n) 18 :

Container no.
Mass of container+ wel soil. (gm) 4900
Mass of container + dry soil. (gm) 433{]
Mass of water, (gm) :5@&1
Mass of container, {zm) IM
Mass of dry soil, (am) 24.20
Maisture content %

2022/ 0111152
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limait values, the _\;;1r|'-|l'|||c soil was clissilicd pg CL-MIL. 0% jHer plil‘w‘llL‘l[}' chirt (Indian standard soil

classification system)

f | ! l -
"--‘_‘_ = L 1
: |
= |
= J0 ——— :
= |
=
: |
g Is — :
= in L B .
f = - — | =

No ol blows

Fig. 5.2. Liquid limit curve
From the Fig. 5.2, the liquid limit (LL) of the sample soil obtained was 26.55%.

Table 5.6. Result of plastic limit test

Determination no. 1 2
Container no. I 3
Mass of container + wet soil, (gm) 22.82 13.82
Mass of container + dry soil, (gm) 1996 L9
Mass of water, (gm) 0.42 032

Mass of container, (gm)’ 20,10
Mass of dry soil, (gm) .30
Plastic limuit, %

Average plastic limit (PL) = 21.48%
Plasticity index (Pl)= 26.55-21 48 = 3.07%

2022/ 01,/ 11 11:56



5.3. Specific gravity test

I'able 5.7 shows the result of specifie gravity (st €

specilie gravity of the soil sumple was obtained 2.62.

Testtemperature T =31"C
Relative density of water at T9 € = 0.995369

Relative density of water at 27° € =0.996542

Table 5.7. Result of specific gravity test

arried out on 3 soil sample.

CHAPTER 5

The average

Determination number . 1 2 3
Pycnometer number 1 2 3
Mass of pycnometer. Wy (gm) 24.83 24.83 24 .83
Mass of pycnometer + dry soil,Wa (gm) 47.03 38.70 46.36
Mass of pvenometer + soil + water. W3 (zm) 90.55 8544 90.07
Mass of pycnometer + water. Wy (gm) 76.82 76.82 76.82
Specific gravity of soil at T, 2.62 2.64 2.60
Specific gravity of soil at 27°C 261 2,64 260

5.4. Proctor test of soil

Table 5.8 shows the result of proctor test carried out on soil 2

Tuble 5.8. Proctor t

5. Moisture  weightof mould ¥ weigh
no. content(%)  base plate (kg)  soll

I 94 14,975
2 13.8 15.286
3 169 15428
4 1.2

5 253




soil sample obtained fiom the t¢

CHAPTER 5

Sowere L83 gmfoc and 14% respectively. Fig, 5.3 shows the

compaction curve obtained frony 1he procior test,

| 90 m_ L
|
et —— rl
180 |
-+ |
E 1.7
-
Z i
R | J 11
= o I
= |
1.50 = |—
i.40 J - o
5.00 10,00 15,00 20,00

5.5. California bearing ratio (CBR) test of soil

Table 5.9 and 5,10 show the result off CBR test for unsoaked: a

Water content, %

Fig. 5.3. Proctor test of soil sample

condition, the CBR value obtained was 12.3% whereas, at so

5.4 and 5.5 show the load vs penetration curve obtained f

- - e

022/ 01/ 71 11:54



Tahle 5.9.¢ il
h_Eul (i kND _

yrnin benring ratio test on 3 soil
Penetiation (in mm]

Penctration (i mm)
- — 05 1l 7

| (.44 75
|5 069 L

2 1.03 835
235 1.42 9

3 1.68 Y5
35 1.89 10
4 2.05 10,5
45 212 "

3 229 1 1.5
5.5 242 ‘Ega
6 2.62 3 o
6.3 28 ) .

6
= : =

< |
E = |
=
3
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Burﬁ:ﬂﬂmm1alrﬂlﬁ El%giiy_rlﬂmari?g ratio 't'nr ﬁkﬂ 5ulple_
o - ———— (in KN) penetration (in mm) load (in kN)
I-_ L 7 243

g 0.28 7.5 2.56
b 0.57 8 275
; ) 01.85 8.5 3G
23 1.17 9 3.08
32 .38 9.5 3.25
2.0 1.55 10 3,39
4 1.68 10.5 3.57
43 1.74 1 3.74
3 1.88 1.5 3.90
5.5 1.99 12 4.07
6 2135 12.5 420
6.3 %53 13 4.40

4 “ | ' |
4 =

(W

=

load (in kKN)

1.5 .
| |
0.5 | ———
ﬂ. 3 i : 2 - - ) .i -~ ‘I.' = -
0 2 A B 5 10 12 4
penetration (in mm)

Fig. 5.5. Load penctration curve of soil sample under soaked condition

Soaked CBR value of soil sample = 1.38 » 10000/1370=10.1%,

2022, 01/ MT56
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5.6, Sieve analysis of ewaste
analysis carried out on shredded e-waste. The result of sjgy,

; <« the tésult ol sieve i :
[uble 5.11 shows the tesult ol sic s wise ghove 2mm. Fig. 5.6 shows
analveis shows that the mantally ﬁ?“‘“"_jd“"il-‘:"wzﬁm h?;;!:d fhe
patticle size distribution ctirve ol chredded e-wasle piist

Table 5.11. sieve analysis of e-waste

— — — D ———
IS sieve Wi oncach sieve  cumulative retained ﬂmﬁ]ﬂh?ﬁ:%‘ _ ffﬁ :
size : - igllgl- .m?'dk — ﬂ?“ A
75 0 0 :

5 30 30 3.00 97.00
2 70 100 9.99 90,01
10 431 531 53.05 4695
475 267 798 79.72 2028
2 130 928 92.71 729

0425 73 1001 100 0
0.073 0 1001 100 0
100 5 | | e __l_
|
‘ | “ ‘ |
|
g L | : |l [ ] -
|
|

(| iy ||

||H \'
[/ i "=||

L
sy

0.01 01 T
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3. 7. Specific gray iy of c-waste

Speetiic v edilb i
peettic gravity of e-waste wis determined wsing pycnomieter. Table 512 shows the result of

wiilie i MLk W (L) " :
speetiie pravity of c-waste. The avernge specifie gravity) of e-wiite obtained from (b test was

.92,
Table 512, result of specific gravity of e-waste
mass of mass of pyvenomerer mads ol pycnometer mass of pycnometer  specific
pyenomwtor. oy soil.w2 () tdry soil + water, wi + witer,wd (g) gravity
wlig) u (B). (gfee)
524 64.50 133,80 152.3 1.91
323 68.70 1 27:21 152.2 1592
314 7245 121,75 I52.3 1.93

S.8. Aggregate impact test on e-waste

Weight of e-waste taken, A = 180 g
Weight of e-waste passing 2.35 mm sieve after impact test, B =225 g
Weight of e-waste retained on 2.35 mm sieve after impact test. C = 138.5
l'otal weight on mould after impact =B+ C =161 g <180 g
Aperegate impact value = (B/A) = 100 %

= (22.5/180) = 100%

=12:5%

3.9, Proctor test of e-waste soil mixture

[able 5.13 - 5.16 show the result of proctor test carried out on e-waste sail mixture. Fig. 5.7 -

510 show the compaction curve obtained from the proctor test.
Table 5.13. Proctor test on soil with 10% e-waste

bulk H M
weight of wer  Jensity, ¥ dey density v, =,

5. Moisture  weight of mould + ) SESTELEY
no. content (%) base plate (kg) soil, W ikgi glee) ANt /100y glee
| 9.2 14.761 1181 L858 1702
2 12.6 14.984 4.04 1957 &5
3 14.7 15.196 4616, 2052 L7890
4 16.9 15,212 4032 2059 1761

5 2075 15.196 4616 2 1.699

2022/ 01/11 1157
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Fig. 5.7. Proctor test on soil with

- Table 5.14. Proctor test on soi
. Muoisture  weight of mould + wni%;_ﬁf

no.  conem (%) hase plate (kg)

! 04 14.602
2 14.5 15112
3 18.27 15101
4 229 14 505
5 6.2 14,693

2022/01/M 1:57
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1.80
|
| l
|.70
. 60
=
£
o .50
=
i : I
a0 | Y = ].
: | l |
|30 ——— -
' |
= = —
| >y L I L A i ot L 1 i
5.00 10.00 15.00 20.00 25,00 30,00

b
'l
:

water content (in %)

Fig. 3.8. proctor test on soil with 20% e-waste

Table 5.15. Proctor test on soil with 30% e-waste
5. Moisture weight of mould +  weight of wet  bulk density  dry :I-am.Itv Y=
no, content (%) base plate (kg) soil. W (kg) Y (gee) (0 m100) e

[ 103 14.589 3.953 757 1.393
2 14.4 15.045 4.409 1.960 1713
3 17.8 15.154 4,518 2.008 u;m#
4 21.7 14.785 4.149 1.844 1315
5 258 14.684 4,048 1.799 1430

2022/ 0L/ 1157
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Fig. 5.9. Proctor test on soil with 30%
Table 5.16. Pmetorf%t 0T} §
5. Moiswre  weight of mould + ight
no. content (%) base plate (kg), :&’dﬂ{W' |
1105 14.542 3906
2 142 14.984 4%
3 18.1 I5.108 4470
4 229 14,756 4.120
5 264 14.621 3985
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IR —

| a

1.70

.o

meed

T 150 =

W

Dy density (in

[ 40 —

130 | —

130 !

.00 10.00 1500 20,00 25.00 30.00
‘Water content {in %)

Fig. 5.10. Proctor test on soil with 40% e-waste
S.10. CBR test of e-waste soil mixture

Table 5.17 - 5.20 shows the result of unsoaked CBR test of e-waste soil mixture containing
e-waste 10%, 20%, 30% and 40% respectively.

Table 5.17. California bearing ratio test on soil with 10% e-waste

displacement (in mm) load (in kN) displacement (in mm) lﬁﬂd (in kN)
0.5 0 7 336
1 01.33 15 3.56
15 0.84 8 375
2 1.31 8.5 398
25 1.65 9 412
3 1.89 0.5 4.23
35 1.98 10 43
4 215 105 4.69
43 234 1 4.89
3 249 1.5 5.02
55 2.65 12 5.19
6 298 {25 331
65 312 13 e

2022/ 01/ 157




ste in soil =
California heating satio for 10% e-waslc |

CHWERFS_

{80 = 1HOO0/1 370-13.8

fio test on soil with 2“% e-waste

Tahle S, A8, 4 nl:f‘nrmn hearing ra
displacement ( (in mim) ~ load (in kN)
0. ———————n S |
L 0.23
1.3 I'J.8I;_

2 fir2
23 1.36
3 1.54
5 1.89
45 202
: 215
2D 291
. 236
6.3 559

displacement (1 C n mim) Noad (in hm
7 :E.'ih[
8 f&.lﬂ
8.5 3.34
9 3.56.
9.5 3.74
10 3.94
105 402
11 c-!}“ﬂ
115 %%
DEL

125 ;%
! =

displacement (in mm) load (in RN) i' | ;
05 0 75
] 0.38 TS
L3 (.86 8
2 113 85
23 123
3 147
35 1.55
4 1-?‘1
453 1.89
5 2.02
3.3 2. 13
6.5

2022/01/
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Table 5.20,

Californin bearing vatio test on soil with 40% c-waste

L:I_I_.‘-i]_'ll_i.ll:l.‘l'l!lilﬂ (I mim) load (in kN displagement {in mm) load (in kN)
4o 0 e _ 251
: 0,41 7.5 274
1.5 0.75 8 243
k (.98 g5 3.6
2.3 1.09 U 3138
3 .21 9.5 3.52
3.5 1.38 10 3,81
4 |65 10,5 4.02
45 .72 I 4.32
3 .81 11,5 4.61
5.5 1.93 12 4.83
6 2.12 125 5,06
6.3 231 13 5.36

California bearing ratio for 40% e-waste in soil = 1.93 = 10000/2055-9 .4

3]
LE
4L
=
B
=T —0—|iMts E-waste
3 ——3me Ewasie | |
> —O— U Easte |
0y it

F= [ i i i A  — A i A _-I_l
i 2 i ) f i 2 I
Venutratinn mm

Fig. 5,11, Load penctration curve of e-waste soil mixture for mumkqﬂ? o ion
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Lt s istiire containing e-waste
' b CIRR test o e-waste soil mi
[able 3 21 <624 shows the nestll il sk LF

[0, 207, 0% andl 40, pespeetively

andition
Fable §.21. CHR vatue for soil with 'ﬂ at soaked ¢ ~ foad(in kN)

penetEafion (in mm) L ond (in kN) prenetr M_—u—— 2.00
i e 0

| 0. ;5 i:;: ‘
1.5 078 Y
2 1.17 8.5 ;ﬁ '
S A7 9 376

3 .68 0.3

13 1.76 10 3.9

N 1 91 10.5 4.47

45 208 1 435

5 221 11.5 :

5.5 2.36 12

6 2.65 123

b5 278 13 | o

1l value for soil with 10% ut soaked condition is=1.68 % 10000/1370=12.3

_;E;u.jrmﬁzn (in muy_ = luad (in kN '
(5 0 7

019 1.5
5 .67 £
0yl 8.5
5 113 Y
128 05
5 145 10
1.57

168
178

i._;.

I?E%'M*L?Jw[ulql—-—
Lh

Ll
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I Table 523, CBR value for soil with 30% at soaked condition

[‘w‘fmtrﬂ_l_mu L mmd toad (in kW) penetration (10 mm) load (in kM) e
0 0 7 .88
‘ 0.28 75 206
1.5 (.04 8 2:2%
2 (1,84 8.5 236
23 .92 1 253
3 1.10 0.5 2.66
35 1.16 1 2.80
4 1.28 105 292
4.5 .41 11 3.08
5 1.51 IE:5 3.20
A5 1.59 12 343
6 .68 12.5 3.58
6.5 1.79 13 372

CBR value for seil with 30% at soaked condition is=1.10 = 10000/1570=8.1

Table 5.24. CBR value for soil with 40% at soaked condition

_penetration (in mm) load (in kN) penetration (in mm) load (in kN)

0,5 () 7 1.30

1 021 753 1.40

1.5 0.39 8 152

2 0.51 8.3 1.64

25 0.56 9 .75

3 0.63 Q5 1.82

3.5 0.71 10 1.97

3 0,86 10.5 2.08

45 0, 845 11 22"

5 0.94 11.5 239

5.5 | .00 12 250

i) 1.10 12.5 2.62 |
65 1.20 )3 278

CBR value for soil with 40% at soiked condition is=1 = 10000/1370-7.3
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Fig. 5.12. Load penetration curve of e-waste soil mixture for soaked condition

2.11. Direct shear test

The results of direct shear test of soil and e-waste soil mixtur s
strength of soil composites increases on adding e-
soil increases friction between soil particles, which increa
composites. However, optimum content of waste material m,a oy

from the present study as shear strength of the soil composites was
waste content. h

Table 5.25. Result of dms‘hgm
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However, the mprovement was insienilicant in case o unsoiked CBR 1es The CHAR salue
decreases Turther hevond the 10 o-widtie. It reprenents i the rasing the c-wnste content
reduces the div density of soil, Inclusion of eswaste 1o the sorl sample for CBR test aliminstes
same weight of soil, Tt rediices (he cohesion churactensties of soil, Therefore, unsotked CBR
vatlue reduces bevond 10% cawaste content, Similar phenomenon happens in case soaked CIRR
test. which showed the reduction bevond 10% c-wiste content. However, the impravement in
case of soaked CBR value is higher than that of unsapked one. This may be due o resistance 1o
Now water due o presence ol e-waste plastic inside the compagted CIER 4ol sample. Dry densaty

)
.
J
)
v
v
v
»
\

Table 5.26. Summary table

S [ -waste Maximum dry OMC. % Unsoaked CBR Soaked CBR
NG content, % density, gmice  value, %  value %
I {0 1.83 14 12.3 10.3
. 10 1,78 15 15.8 12.5
3 20 174 14.5 1.3 9.4
4 30 1.71 14.5 0.8 8.1
5 40 1.69 14 94 73

of the e-waste soil mixture found 10 be reducing on increasing e-wasie conlent. This may be

attributed 10 the elimination of the dry soil equal to that of e-waste content. However, optimum

water content approximately remains same.

2022 /011158
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CONCLUSION

E-waste plastic may be used as soil stabilizing agent 1o improve the properties of soil

necessary tor subgrade construction.

F-waste soil mixture was found to have lesser miaximum dry density compared 1o the

normal soil and the reducing progress with increase of e-waste.

E-waste soil mixture was found to optimum moisture content approximately equal 10 the

normal soil.

Unsoaked and soaked CBR value of soil increases at e-waste content. 10% by weight of
drv soil. Further increase of e-waste reduces the CBR value of soil: The reason may the
luke of compaction that reduces the maximum dry density of soil. The improvement of

CBH value is found 1o be more in case of soaked condition.

Dispersion of e-wasle on mixing with soil increases friction between soil particles,
which increases shear strength of the soil composites. However. optimum content of
waste material either e-waste could not be assessed from the present study as shear

strength of the 50il composites was kept on increasing atall the waste content.

2022/01/T1M:58
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Following are the conclusion may be drawn based on the result obtained from the
mvestigation
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