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ABSTRACT

In these days geotechnical engineers often encourgak subsoil, down to an appreciable
depth, in respect of low to medium foundation laa@nd around a main city in India. This
happens due to rapid urbanisation, which leadxk@awst the lands for construction. Thus
there arises the need for use of reclaimed landereow filled up areas developed for
construction purposes. This necessitates groundowement since the earlier low lying
areas, which have been developed, were either sndasids or agricultural ones. This is
because shallow foundation with ground improvenmeay be cost effective in comparison to

deep foundation.

Recycling plastic waste for the purposes of cowsivn is one of the major
challenges in the world at present. PET (polyetingléerephthalate) strips obtained from
drinking water bottle wastes may be used as andmi of soil to improve its strength
characteristics, and the mix may be used for §lliof reclaimed land for ground

improvement.

With this in view, the present research work hasnbearried out with one type of
locally collected clayey soil and two types of amhed soil (clayey soil with 10% sand and
20% sand separately). These soils have been reatfovith randomly mixed PET bottle
strips of different values of aspect ratio (lengilth) of 1, 2 and 3 with constant width of 5
mm. For each aspect ratio the strips were mixet @i5%, 1%, 1.5% and 2% by weight of
soil. Improvement of shear strength parameterscamdolidation characteristics of the soill
with admixture of PET bottle strips have been stddn the laboratory. The characterization
of soil reinforced with PET bottle strips have badne by conducting routine laboratory
tests like Atterberg’s limits, grain size distritart, standard Proctor test, unconfined
compressive strength test and UU triaxial test.sT$tudy has shown that the optimum
percentage of PET bottle strip reinforcement is ih%ase of soil compacted with energy
corresponding to standard Proctor compaction. Thexecompressibility characteristics of
three types of soil mixed with 1% of PET bottleépgrhave been obtained in the laboratory.
In order to study the effect of improvement of liegrcapacity of footings placed on soil
reinforced with PET bottle strips, small scale mddeting tests have been carried out with
square footings of 5 cm and 10 cm sizes. The teste been done with the original clayey
soil and two types of amended soils in the laboyatwith and without PET bottle strips. In
case of tests with PET bottle strip reinforcemeh®, PET bottle strips for different aspect



ratios have been used since earlier tests sugg#saedhis is the optimum percentage of
reinforcement. To supplement the experimental tesalumerical analyses have been also
done by PLAXIS 3D software to compare the beariagacities obtained from experimental
and numerical studies. Subsequently statistical eiiad has been done to obtain an
expression for bearing capacity of footings restmy the reinforced soil in terms of
maximum dry density, optimum moisture content, slsté@ngth parameters, aspect ratio and
percentage of PET bottle strip reinforcements. fgitesent study focuses on increase of shear
strength, decrease of compressibility of the reodd soil. This has resulted in increase of
bearing capacity of footings with addition of PE®tte strips. The bearing capacity of
footings placed on such amended soil was founcht¢oease on an average by 95% (for

locally collected soil) and 56% (in case of amensieitk) for 5 cm and 10 cm footings.



Chapter 1

INTRODUCTION
1.0 General

Ground improvement is becoming necessary day bywdtyrapid growth of urbanisation
because reclaimed lands are sometimes found t@dyeweak for construction of structures
with low to medium foundation pressure. In thoseesa shallow foundations may be
preferred since deep foundation may not be cosic#fe. Hence the need of ground

improvement arises for those cases.

Despite the ban in some Indian states, the uséasfip products, such as polythene
bags, bottles, containers, and packaging stripacreasing by leaps and bounds. As a result,
open waste dumps are continuously filling up witls tvaluable resource. In many areas
waste plastic is collected for recycling and reusgse bottled water is fastest growing
beverage industry in the world. Recycling plasti&stes formed due to use of water bottles
has become one of the challenges worldwide. Plastitte recycling has not kept pace with
the increase in virgin resin polyethylene tereplatiea(PET) sales and the reuse becomes
necessary for maintaining ecological balance. Tést tvay to handle the increasing pressure
of waste plastic on open dumps is to utilize it gyound improvement particularly for
reclaimed land, after shredding with desired valofethe aspect ratio (length to width ratio)
and strip content. Moreover an environmental cancealso included by utilization of waste
plastic materials and they can be made usefulngraving the soil characteristics and to
solve problems related to the disposal of waststiglanaterial.

The techniques employed to improve the propertis®ibin respect of strength and other

relevant characteristics of soil can be put ineftillowing categories.

A. Soil stabilization by binding agent: It is the pess of improving the engineering
properties of soil by mixing some binding agentsthoinding the soil particles like

lime and cement.

B. Soil stabilization with reinforcement in the formf ocontinuous planer
members/sheets: Soils are strong in compressionvbak in tension. This weak
property of soil is improved by introducing reinéarg elements in the direction of
tensile stress. Reinforcement material generallysists of galvanized or stainless

steel strips, bars, grids, or fabrics of specifeaterial, or wood polymer and plastic
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etc. the reinforcement is placed or layered atifipatirection and position, more or

less the same way as steel in concrete.

C. Soil stabilization with randomly mixed fibres/diste members called ply soil: Soil
stabilization with randomly mixed fibres/discretembers called ply soil: Randomly
distributed fibres in soil (RDFS) are among theesattechnique in which fibres of
desired type and quantity are added in the soikethiand laid. The composite
material is called ‘ply soil'. Thus the method afparation of RDFS is similar to

conventional stabilization techniques.
In this context many investigations have been edrout by many investigators.

Naeini and Sadjadi (2008), Gosavi et al. (2004),086soli et al. (2005), Dutta and
Venkatapparao (2007), Babu and Chouksey (201Gtudied improvement of soil with
inclusion of fibre reinforcements. They found soneenarkable improvement of soil with
increase of strength parameters leading to an aseren residual strength, ductility and
energy absorption capacity. Furth@handrasekhar et al. (1998), Basudhar et al. (207
Sharma et al. (2009), Madhavilatha and SomwanshR(009), Al-Saidi (2009), Kumar
and Kaur (2012) also found on the basis of experimental and nuraksittidies that use of
reinforcements result in increase in bearing capaaf footing placed on reinforced soil
compared to that for unreinforced soil.

A detailed literature review has been presentedhiapter 2.

1.1 The Present Study

Based on the literature review presented in chaptdre following objective and scope have
been chosen for the present study.

1.1.1 Objectives
The objectives of the present study are as follows:

1. To study the engineering properties of soil reioéat with PET bottle strips including
its undrained shear strength parameters.

2. To find the optimum proportion of PET bottle stripsrespect of improvement of
soil.

3. To study compressibility characteristics and imgment of bearing capacity of

footings placed on reinforced soil for optimum attof PET bottle strips.



1.1.2 Scope

The scope of the work is outlined as follows:

A.

Collection of locally available clay from Jadavparea, preparation of amended soll
samples of different types with different percee®{l0% and 20%) of sands.

Collection of PET bottles and preparation of PETbastrips in proper form.

Conducting the Laboratory tests for determiningftilwing properties of original and
two amended soils both with and without PET bddtlgps. PET bottle strips have been
mixed with different proportions and at differerstlwes of aspect ratio (ratio of height to
width of each fibre) of 1, 2 and 3. For each aspa&ib the strips were mixed with 0.5%,
1%, 1.5% and 2% by weight of soil. The followingperties of original and amended

were found.
1)  Liquid limit, plastic limit, plasticity index.

i) Optimum moisture content, maximum dry density amdirained shear strength

parameters of reinforced and unreinforced soils.

Conducting the laboratory tests for determining pneperties of the PET bottle strips
like (a) width, (b) thickness, (c) tensile strengtid (d) density.

Based on the study of material properties an attemag been made to observe the
optimum percentage of fibre, at which the optimuatues of various parameters such as
MDD (Maximum dry density), OMC (optimum moisture ntent), UCS (unconfined
compressive strength), E (Modulus of Elasticityhe& Strength Parameters (c apd

occur for different aspect ratios in case of reicéal soils.

Further compressibility characteristics of unreméa and reinforced soils with optimum

percentage of PET bottle strips have been found.

Model footing tests have been carried out on botfeinforced and reinforced soil for
the optimum percentage of reinforcement. Reinfoer@mvith aspect ratio of 1, 2 and 3
has been adopted to prepare foundation beds witifioreed soil. Different sizes of

model (square footings of 5 cm and 10 cm sizesg Heeen used to obtain the effect of

width of foundation in case of reinforced soil.

Numerical analyses have also been done by PLAXIS@Dvare to compare the results

with experimental ones.



I.  Multiple linear regressions have been carried outtitain an empirical relationship for
ultimate bearing capacity of footings in terms dfaitent parameters of soil and fibre
(PET bottle strips).

1.2 Organization of the Thesis
The thesis has been organized veélvendifferent chapters as follows:

An Introduction to the current research work has been present€tapter 1. This chapter

also deals with objective and scope of the study.

Chapter 2 presents a detailedliterature Review related to both experimental and

theoretical studies separately on the relevard téresearch.

Chapter 3 deals withMaterials and Their Properties, which deals with different materials

used for the study, i.e., locally available clageyl, sand and PET bottle strips. This chapter
depicts the test procedures adopted for deterromaif appropriate material properties of
clay, sand and PET bottle strips. This chapter lcoles with presentation of results along

with a discussion on the results.

Chapter 4 describes equipment and procedurévimidel Footing Testsand presentation of

their results.

Chapter 5 presents methodology dflumerical Analysis and presentation of numerical

results.

Chapter 6 incorporates a detailediscussion on Results of Experimental and Numerical

Studieson model footing tests.
Chapter 7 brings out the&Summary, Conclusions and Suggestions for Further RBearch

An Abstract of the dissertation has been presented at themiegi of this dissertation.



Chapter 2

LITERATURE REVIEW
2.0 General

Reinforced soil has been the interest of many rebeses throughout last few decades. Many
studies are being carried out in this respectdalie. Investigation on reinforced soil can be
classified into experimental and theoretical StadReview of some important experimental
and numerical studies on reinforced soil is arrdnggparately in chronological order in the

following sections.
2.1 Experimental Studies

In this section the past works available on expenital works on reinforced soil have been

discussed in chronological order.

Waldron (1977) carried out direct shear test using a large disbetar device to study the
effect of plant roots on the soil shearing resistarde carried out the test with four varieties
of plant roots and using a soil mixture of siltaland sand. He proposed a simple force
equilibrium model to describe the load deformatatraracteristics of soils reinforced with
plant roots. He used the original Mohr-Coulomb’si@ipn of shear strength (s = a+tary)

in a modified form, for root reinforced soil asssc +o tanp + AS, sbeing the shear strength
of root reinforced soil andAS being increase in shear strength on account of ro

reinforcement; ¢ ang had indicated the shear strength parameters afaihe

Gown et al. (1978)classified reinforcement into two major categariegally inextensible
and ideally extensible inclusions. Metal stripsgdgonails used in reinforcement soil fall
under the category of ideally inextensible inclasiarhile natural or synthetic fibres used in
ply are extensible inclusion. Mats of geotextilesgeogrid nets used in reinforced soil are
relatively much less extensible in comparison bves used in ply soil. As compared with
very stiff elements of reinforced soil, current dpments make use of more extensible and
less stiff reinforcements in the form of discretelusions (ply soil). In addition to this ply

soil also appears to be economic.

Gray and Ohashi (1983)conducted a series of direct shear tests on oy s&inforced with
synthetic (PVC), natural (reed), and metallic (capwire) fibres to evaluate the effect of
parameters such as fibre orientation, fibre contdéibre area ratio, fibre stiffness on

contribution to shear strength. Based on the expmrial results, the authors concluded that
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(i) shear strength increased was directly propoaiido the fibre area ratio, fibre content and
fibre stiffness. (ii) shear strength increased wasximum for fibre orientations of 6@vith
respect to the shear surface. (iii) fibre reinfoneats behaved as “ideally extensible”
inclusions. They did not rupture during shear. Thain role was to limit the amount of post
peak reduction in shear resistance in dense sardshear strength envelopes for fibre
reinforced sand clearly showed the existence bdfeshold confining stress below which the
fibres did tend to slip or pull out. Envelopes wpeegallel to each other for confining stresses
above this threshold stress. According to the asttibe behaviour, in turn, indicated that the
fibores did not affect the angle of internal frigtioof soil above this stress. A typical
illustration of threshold confining stress was ai¢a as shown in Fig. 2.1 (after Gray and
Ohashi, 1983). A theoretical model based on limuikbrium of forces was used to examine
the influence of fibre modulus, diameter, initialemtation and elongation during shear; skin

friction between fibre and sand; angle of interfnation and relative density of the sand.

Unparallel
Prin. Stress Parallel Principal Stress Envelopes,

Envolopes Reinf. yield or Stretch

reinf. Slip
Fiber Reinforced
Sand

Unreinforced
sand

Critical Confining

/ Stress

Critical Stress

Major Principal Stress

Fig. 2.1: Effect of fibre inclusion on failure envelope @irsl
(after Gray and Ohashi, 1983)

Fibre reinforcement in this study consisted of mgl@lastic fibre extending an equal length

over either side of a potential shear plane of sand

Gray and Al-Refeai (1986)conducted a series triaxial compression tests gnsdnd
reinforced with continuous, oriented fabric layarsl also with randomly distributed discrete
fibres. Test results showed that both types offoezement systems increased strength and

modified the stress-deformation behavior of sana significant manner. The following main
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conclusions emerged from the stu (i) continuous, oriented fabrimclusions markedly
increased the ultimatgrengtt increased the axial strain at failure, amanostcases limited
reductions in pospeak loss of strenc as shown in Fig.2.2. (ii) Discrete, randomly
distributed fibres increased both the ultin strength and thstiffness of reinforced sand. (i
At the same aspect ratio, confining stress and weiraction, rougher(not stiffer) fibres

tended to be more effective in increasing stre.

4] =2Kg/cm’

e = 54 @

—

14 16 g 20

o
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3

on

Axial Strain (%)
Fig. 2.2: Deviator stress vs. axial strain Curves
(after Gray and Al-Refeai, 1986)

Setty and Rao (1987rarried out triaxial tes, CBR tests and tensile strength tests
silty sand, reinforced with randomly distribdt polypropylene fibres. The teresults
indicated that thesoils showed significant increase in cohesiotercept (5.7 times) an
a slight decrease in angle of internal friction , overall effect was to increase she
strength), with an increase in fibre contemtto 3% (by weight).Adding fibres uj to
2% increase indry strength, but afterwards there wadecrease in dry strenc

Gray and Maher (1990)carried out triaxial compression tests ondsaeinforced with
discrete, randomly distributed fibres and obsé the influence of various fibi
properties on soil behavior. Thfound thata better gradation i.e. increase in coeffici
of uniformity (G), lower sphericity and smaller average graize (Dsg) of sand
resulted in higher fibre contribution to sigéh. In addition to the experimental prograr

they proposed a force equilibrium model based statistical analysis for random



distributed discrete fibre reinforced sandherientation of the fibres on the average
was expected to be perpendicular to the eplah shear failure in triaxial compression
test. The failure plane was observed to tbe same as given by Mohr-Coulomb
failure criteria i.e., oriented at an angle d%4 /2) with horizontal.

Lindh and Eriksson ( 1991)conducted field experiments to study the adility of
fibores for road construction. They constructest tstretches of 20 m and 40 m road by
incorporating plastic fibores in sand and comagathe performance with unreinforced
stretch of road. The effect of plastic fbren the stability of the sand was observed
to be effective. This was confirmed after abdwb years use by traffic, when the test
stretches were reported to have performed, wath no rutting of the road surface.
Fatani et al. (1991)conducted direct shear tests and pull-out testsnadified Proctor
density of 2.08 t/mand corresponding moisture content of 8.9%,37 ands = 22, g ands
being angle of internal friction and angle of wiction respectively. Results of direct shear
tests revealed that residual strength of compagée 200% to 300% higher than that of
unreinforced soil. Best orientation of fibre wasifid to be oriented at 6@ shear plane.
Pull-out tests revealed that well graded sand dagkest anchorage capacity indicated by
friction angles.

Maher and Ho (1994)carried out unconfined compressive strength, tspiitension, three
point-bending and hydraulic-conductivity tests oraolinite soil reinforced with
polypropylene fibres at different water congenand evaluated the mechanical
properties of the composite soil. The expeniweas conducted in a universal testing
machine with digital data acquisition systemmr fperforming unconfined compression
test, split tension and flexural (using beamd third point loading) tests and flexible
wall parameter set up for measurement of Hyelraulic conductivity of fibre- clay
composite. They observed that inclusion of ceny distributed fibres significantly
increased the peak compressive strength, dyctdplitting tensile strength, and flexural
toughness of kaolinite clay as shown in Fig.. Z1Be fibre inclusion increased the
hydraulic conductivity of the composite angcrease was more pronounced at higher

fibre contents.
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Fig. 2.3: Unconfined compressive strength vs. Strain

(after Maher and Ho, 1994)

Michalowaski and Zaho (19%) found an energy based homogenization techr which
was used to evolve a design criterion. The failwordition consisted of two parts; first t
tensile failure of fibre and second the slip ofdéibThe transfer from one part to another
smooth. Theoretical and experimental results wegobod agreemel

Wasti and Butun (1996)carried ou laboratory model tests on a strip footing mm (width)
x 250 mm (length) supported by sand reinforced by rangodistributed polypropylen
fibre. Reinforced sand sample was m x 0.51 m x 0.7%n (depth) size. Results indicat
that reinforcement of sand caused an increasesinltimate bearing capacity values and
settlement at the ultimate load in general. Therb&sh size was found to be superior to

other inclusion considering thecrease in ultimate bearing capacity valt

Mandal and Manjunath (1995} used geayrid and bamboo sticks as vertical reinforcen
elements and studied their effect on the soil bgacapacity Geo grid and bamboo stic
were installed along each side a strip footing to increase the bearing capacity ;fanc
subgrade. At a distance of 0.5B from the centrethef footing of width B, the loa
displacement behaviour of the footing was modif@gnificantly and the occurrence
general shear failure wadiminated. It could be recommended that two rowsemmforcing
elements, one on each side, be driven verticalih sufficient length, at a distance of O.

from the centre of footing would be most effecti®¢.the same inclination angle, outwart

11



inclined reinforcement was found to be more effexthan inwardly inclined reinforcement.
However, vertical reinforcement was found to be eneffective than both outwardly and

inwardly inclined reinforcements.

Ranjan et al. (1994)conducted a series of triaxial compressioristes sand, reinforced
with discrete randomly distributed fibres, bosynthetic (plastic) and natural (coir,
bhabar). The influence of fibre characterisfics., fibre content, aspect ratio, and
surface friction), soil characteristics and foung stress on shear strength of reinforced
soil were analyzed. They observed that (i) thencipal stress envelopes for fibre-
reinforced soils were curvilinear having tidéioe at confining stress, called critical
confining stressoi) below which the fibres tended to slip pullout. An increase in
fibore aspect ratio, I/d, resulted in a lowalue of the critical confining stress. (he
inclusion of fibres caused an increase inkpshear strength and reduction in the loss
of post-peak stress. Thus residual strength higiser as compared to unreinforced soil.
Shear strength increased approximately lineavith increasing amounts of fibres up
to 2% (approximately) by weight, beyond whi¢he gain in strength was smaller.
They presented a mathematical model basedregmession analysis of test results.
Since the failure envelopes of fibre-reinforcedils were curvilinear with a transition
at certain confining stress, termed as diiticonfining stressof;;), two mathematical
equations were developed. They were as follows:

Foros < o,
log(c1r) = 1.09 + 0.4 log(fc ) + 0.28 log(l/d) + 0.27 169(+ 1.1 log(f) + 0.68 logfs) ..(2.1)

(o11) being shear strength of fibre-reinforced soilp&ng fibre content, I/d is aspect ratio, f =
(clon + tan@), ozbeing minor principal stress or cell pressufer (cido, + tan@) being
skin friction coefficient, gand o, is represented adhesion intercept and vertstedss

respectively angg meant the angle of skin friction.

For o3 > oqit, a similar expression was developed forcudating shear strength of
fibre reinforced soil , which is given,

o = 8.78 (Wi (/d)>% ()% (f°8 (63> . (2.2)
wf being the fibre content and other symbols beisglefined earlier.

Coefficients of determination, R? for the above w®guations were found to be 0.91 and 0.93

respectively.
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Nataraj and Mainis (1997) conducted compaction, unconfined compression, sbkear
CBR test. Compaction characteristics of the filmi@forced soils were similar to that of t
unreinforced soils. Thegbserved thi addition of fibres to clay and sand specimens ted
in subgantial increase in the measure value of the peakioh angle and cohesion. T
increase in compression strength was obtained fasction of fibre content and moistu
content. The CBR values also increased signifigamilh the addition of fibres. inally, the
test results indicated that optimum fibre conteaswW.3% of the dry unit weight of the s

specimen.

Ranjan et al. (1999)took a moist sample of clay to make a central hateich was filled
with a moist mixture of sand and fibre. Fibreslusion improved both strength and stiffni
of cohesionless soil. In triaxial tests on unreiogal soil showed peak of normal stres:
10% -20% of axial strain, but reinforced soil did nobghany peak, so 15 - 20% of strain
was taken as failure. Figu®4 shows deviator stress vs. axial strain curgeskdained b
the authors. In principal stress envelope, at ftitecal confining pressure, fibre tended
slip/pull out. Critical confining pressure decredssith increase of aspect ratio. Critic
confining pressure remained unaffected by fibret&oin Shear strength increased line:
with increasing the amount of fibre ug 2%, afterwards gain was smaller. Residual stre

of reinforced soil was higher than of unreinforced.

— — 1
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Fig. 2.4. Deviator stress vs. axial strain curves
(after Ranjan et al., 1999)
Alawaji (2000) carried out several model load tests to investigfa¢ potential benefits ¢

geogridreinforced sand over collapsible soil to controktwg-induced collapse settleme
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Tests were carried out using 100 mm diameter @arcplate and tensor SS2 geogrid. The
width and the depth of the geogrid were varied étednine their effects on the collapsible
settlement, deformation modulus and bearing capaattos. The results showed that there
was significant difference in the structural conabion of the tested geogrid which ranged
from 99% reduction in settlement to 2000% incraasgastic modulus and 320% increase in
bearing capacity. It was found that the efficieméythe sand-geogrid system increased with

the increasing geogrid reinforcement at model scale

Dash et al. (2001)performed some laboratory-model tests on strigidgosupported by a
sand bed reinforced with geocell mattress and ptedehe results. Based on the model test
results, the depth of placement and the dimensainthe geocell layer for mobilising
maximum bearing capacity improvement were deterchiiéhile performing the test, some
parameters, such as pattern of geocell formatiooket size, height and width of the geocell
mattress, the depth to the top of geocell matttessjle stiffness of the geogrids used and the
relative density of the sand were varied. Fromtésés results it was concluded that pressure-
settlement behaviour of the strip footing on geloa@hforced sand was approximately linear
even up to a settlement of about 50% of the footwdth and a load as high as 8 times the
ultimate capacity of the reinforced one and veryodyamprovement in the footing
performance could be obtained even with geoceltressd of width equal to the width of the
footing. Besides the author concluded that thenotn width of the geocell layer was around
4 times the footing width and the optimum aspetit raf geocell pockets for supporting strip

footings was found to be around 1.67.

Yamamoto and Otani (2002)carried out a series of model load tests on bateinforced
soil and reinforced foundations. A rigid-plastioite element analysis considering the effect
of geometrical non linearity had been conductedqt@antitatively investigate both the
increase of calculated bearing capacity and thegrpss in deformation localization
corresponding to the settlement of a loading plEte analysis was done considering the soill
and the reinforcing element as composite matekiadording to their results the deformation
properties of reinforced foundations were totallyfedent from those of unreinforced

foundation.

Consoli et al. (2002)carried out unconfined compression and drainedi#diatests on
uncemented and cemented sands, reinforced pldktic fibre (polyethylene
terephthalate) and observed as follows:
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() Fibre inclusion improved both the peak stthngand ultimate strength for

uncemented and cemented sands.

(i) Fibre length improved the unconfined compressivengfth to a large extent as shown in
Fig. 2.5. Uncemented sand showed a proportionalbatgr increase. For cemented
sand longer the fibre, higher was its efficig in increasing the ultimate strength.
(iif) Addition of fibres increased the peak clion angle; for uncemented sands it

increased from 37to 43and for cemented sands from°®48 49.
Fibre inclusion reduced the brittle behavadr cemented sands.

Boushehrian et al. (2003performed some laboratory model tests and numearicysis to

investigate the bearing capacity of circular anahg rfootings on reinforced sand. Both
experimental and numerical studies indicated thawa single layer of reinforcement was
used there was an optimum reinforcement embednepth dor which the bearing capacity
increased. The authors also recommended an optiveutical spacing of the reinforcement
layers for multi-layer reinforced sand. The beartagacity was also found to increase with
increasing number of reinforcement layers. The ihgacapacity of those model footings
were affected by the distance of separation betwleeiirst layer of reinforcement and base

of the footing and the vertical spacing betweenréieforcement layers for a given soil.

Kumar and Tabor (2003) performed unconfined compression tests on soitispms
prepared at degrees of compaction of 93%, 96% &ftl & the maximum dry unit weight
determined using the standard Proctor test. Samgegpacted at 93% showed higher
increase in the peak and residual strength compardte samples compacted to higher
densities. For samples compacted at 93% of maximryrdensity obtained from standard
Proctor test with 0.3% fibres, the residual strangts found to increase approximately 20
times the residual strength of unreinforced samptampared to approximately 4 times

strength increase in case of the peak strength.

Gosauvi et al. (2004xonducted standard Proctor test, direct sheaatessoaked CBR test in
the laboratory. Value of OMC increased and MDD dased up to fiber content$2%. The
trends were reversed on further increase in fibregent. Value of cohesion (c) increased and
angle of internal friction of soilg) decreased with.up to 2%. With further increase qf t
decreased anglincreased. CBR increased by 42% to 55% §or 1%. With increases in,f
CBR values decreased. Safe bearing capacity irentehy 33.58% and 29.67% due to

addition of 2% woven fabrics and fibre glass wispect ratio 50 and 500 respectively.
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Consoli et al. (2005)Yook unreinforced sands and sands reinforced naitdomly distributed

polypropylene fibres (0.5% by weight, 24 mm in léngnd 0.023 mm thick), subjected to

high pressure isotropic compression tests to inyast the effect of fibre addition on the

triaxial stress-strain response of the compositéenad, including the effects of confining

stress and fibre characteristics. Two importaneolaions were as follows:

1.

Insertion of fibres into sand changed its behav&gnificantly. Two distinct and parallel
normal compression lines (NCL) for the fibre rentied and non-reinforced sands were
observed. Both loose and dense fibre-reinforced sgpecimens were found to tend

towards a uniqgue NCL when plotted in specific votuspace, and

When the fibres were exhumed from the sample, i¢ Waund that they had both
extended and broken. When the sample underwenbBotcompression, the fibres
suffered large plastic tensile deformation and sofmem reached breaking point. The
isotropic compression caused relative movement gmuarticles and consequently

produced tensile stress in the fibres located antio.

Casagrande et al. (20063tudied the effect of fibre reinforcement in higphastic clay with

high initial water content and void ratio and atykarge shear displacements, using the ring

shear apparatus. Their salient observations welialag/s:

1.

2.

The fibre-reinforced specimens showed peak stremgjtnificantly higher than the non-
reinforced specimens at all confining pressures extubited greater post peak strain

softening.

Although the fibre insertion increased the peakrgjth, the effect was not as large as
observed for some other soils. Probably numberibog$ per unit volume would be
lower. Another reason might be a lower shearingsta@sce between the fibre surface and
the surrounding soil.

Ring shear tests on fibre reinforced and non-reg& silty sand (e = 0.55) and fine sand
(e = 0.65), e representing the void ratio, yieldadincrease of peak strength of 115%
and 165% respectively at a normal stress of 100 KRa improvement of bentonite was
about 25% at the same normal stress.

The fibres had little effect on residual shearrgite mobilized at large displacements,
where bentonite was very low. The increased strenlgie to insertion of fibres was

found to deteriorate at large shear displacements.
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5. Peak strength improved slightly with increaseddilemgth because longer fibre allow
greater stresses to be developed in the fibre dugrdater anchoring effect of tl

increased frictional resistance between the filbgk surrounding so

Dutta and Venkatappa Rac (2007) presented regression  models for predicting

behaviour of sand mixed with waste plastics and the followsogclusions were draw

1. The energy absorption capacity of sand mixed wilbPH/LDPE waste plastic strij
increased with an increase in aspect ratio (AR sbntent (SC) and confining pressi
(CP).

2. The deviator stress of sand mixed with HDPE/LDPEteglastic strips increased w

increase in AR, SC and C

3. The initial stiffness of sand mixed with LDPE wagikastic strip increased with an
increase in SC and CP.

4. The cohesion increasedth an ncrease in AR and SC in the mixture.
5. Friction angle increased with an increase in AR &fx

Figures 2.5 and &.show the effect of AR, HDPE SC, and CP on enafggorption capacit
and the effect of AR, LDPE SC, and CP on energymh®n capacityrespectively, as we
obtained by the authors.
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Fig. 2.5: Effect of AR, HDPE SC, and CP on energy absorptepacit

(after Dutta and Ra@007)
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Naeini and Sadjadi (2008) used the waste polymer materials which had baesemn as th
reinforcement material and it was randomly includedo the clayey soils with differel
plasticity indices at five different percentagesfibfe contents (0%, 1¢ 2%, 3%, 4%) by
weight of original soil. Effects of Random Fibreclasion on consolidation, hydraul
conductivity, swelling, shrinkage limit and desitoa cracking of clays on the strength ¢
compressibility characteristics of the reinforceail shad been stied and appreciabl
improvement of their characteristics was noted.efailed review of past works carried ¢

by several researchers has been presented inxhehaptel

Chandra et al. (2008)conducted the static triaxial tests on unreinforaed renforced soils
as well as on other pavement layers at a confipregsure of 4 kPa. These stre-strain data
were used as input parameters for evaluating tinécak compressive strain at the top

subgrade soils using elastoplastic fi-elementanalysis. They observed as follo

1. CBR values of soils Aclay), E (silt) and C(silty sand) were found to be 1.16, 1.95
6.20 respectively, which increased to €6, 6.42%and 18.03% respectively, due

fibre reinforcement.

2. The static modulus of sis A, B and C, uniaxial compressive strength tesieviound tc
be 3.824 MPa, 4.83BPc and 5.572MPa, respectively. These increased to MPa,
9.056 MPaand 9.712MPa respectively, at optimum fibre contirthe pavement sectic

was kept the same fomreinforced and reinforced sub grade soil A, B, &dthe
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pavement resting on reinforced subgrade soils A8, C yielded CBR values of 3.35,

2.28, and 1.94 respectively.

3. For a constant thickness of base and DBM the tles&mof sub-base reduced by 38.52%,
26.23% and 16.67% respectively, for reinforcedssail B and C. The pavement resting

on reinforced subgrade soils was beneficial in cadputhe construction materials.

Sharma et al. (2009)developed an analytical solution to estimate themake bearing

capacity of geogrid reinforced soil foundations ER®r both sandy and silty clay soils. The
author proposed failure mechanism for reinforced feoindations based on the results of
their experimental study on model footing testab#ity analyses were conducted on the
proposed failure mechanisms to include the efféatemforcement tension on the bearing
capacity of RSFs. Bearing capacity formulas thatoiporate the contribution of

reinforcements to the increase in bearing capaeoge then developed for RSF of sand and
silty clay soils. Since the mobilisation of tensilerce in the reinforcement layers were
needed to quantify the increase in the bearingagpa reasonable estimation of the tensile
force along with the reinforcement was also prodo3éie results of the laboratory model
tests conducted on reinforced sand and silty ctayndations were compared with some
analytical solution and the predicted values using proposed models. The proposed

analytical solutions were also verified by the fessaf large scale model tests.

Madhavilatha and Somwanshi (2009tonducted laboratory model tests using square mode
footings on geo synthetic reinforced sand. Beakagacity of footings on geosynthetic
reinforced sand was evaluated and the effect abwarreinforcement parameters like the
type and the tensile strength of geosynthetic nateamount of reinforcement, layout and
configuration of geosynthetic layers below the fiogton the bearing capacity improvement
of the footing were studied through systematic nhetiedies. They made some conclusions
about the behaviour of square footing resting omdseeinforced with multiple layers of
geosynthetics on the basis of results obtained fitmenexperimental and numerical studies.
Effective depth of the zone of reinforcement belwquare footing was found to be twice
the width of footing. Within the effective reinfament zone, the optimum spacing of
reinforced layers is about 0.4 times the widthhef footing. Apart from the tensile strength of
reinforcement, its layout and configuration playet@l roles in increasing bearing capacity.
Aperture size and flexibility of geosynthetic maaémere found to be important parameters
for the design.
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Phani Kumar et al. (2008)presented the data obtained from a series of |&drgrplate load
tests. The authors used geogrid-reinforced sadd bhad improvement in load settlement
response was studied. It was found that it resuftechproved load settlement response. The
vertical compressive loads required to be appleFdafdeformation of 0.5 mm for fine sand,
medium sand and coarse sand reinforced by singlgrigewere, respectively 83 N, 44 N and
47 N, while in the case of unreinforced sand béey wvere equal to 63 N, 38 N and 47 N.
Increasing no of geogrid layer improved the behawvfarther.

Vinod et al. (2009) performed some laboratory model tests to investighe effect of
braided coir rope reinforcement on load settlemieslhaviour of square model footing
founded on loose sand. Based on the findings otilny, they concluded that: provision of
braided coir rope reinforcement layer(s) improvkd load carrying capacity of the model
footing substantially at all levels of normaliseettement. The optimum location of the
reinforcement was at about 0.4B below the basd@fodel footing of width B. Strength
improvement ratio increased appreciably with inseem length of braided coir rope up to
length ratio of 3. Strength improvement ratio iraed almost proportionately with decrease
in the vertical spacing of reinforcement. Provisioh single and multiple layers of
reinforcement could result in strength improvemeatio as high as about 3.4 and 6.6

respectively.

Al-Saidi (2009) presented the results of laboratory models tegherbehaviour of a model
footing resting on loose sand reinforced by geagudder inclined load. Several parameters
were studied in order to find the general behavimfumprovement in the soil by using the
geogrid. These parameters include depth of reiafoemt layer, vertical spacing of
reinforcement layers and the angle of inclinatidnlaad. The results showed that the
optimum ratio of reinforcement for the first layier0.5. The increase of such ratio between

vertical spacing layer and footing width above & ha effect on soil improvement.

Choudhary et al. (2010)carried out a series of CBR tests on randomly oec&d soil by
varying percentage of HDPE with different lengtld gmoportion. The following conclusions

were drawn from their study.
1. Addition of HDPE strips to local sands increasesl @BR value.

2. The maximum improvement in CBR was obtained whersthip content was 4% and for

aspect ratio of 3.
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3. The reinforcement benefit increased with an in@daswaste plastic strip content and

length.

The maximum CBR value of a reinforced system wasr@pmately 3 times that of an

unreinforced system as shown in Fig. 2.7.

55 1 Strip content
50 |
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Fig. 2.7: CBR vs. strip length (after Choudhary et al.,@01

Babu and Chouksey (2010)arried out experiments on stress-strain respofselastic

waste mixed soil. Based on test results, thegmesl that the strength of soil is improved
and compressibility reduced significantly wistddition of a small percentage of plastic
waste to the soil and there by bearing dgpaamprovement and settlement reduction

in the design of shallow foundation.

Mohamed (2010)carried out small scale laboratory experimentabpgmme systematically

in a 500 mm x 500 mm x 200 mm tank to investighte dffect of width and depth of soft
pocket on the ultimate bearing capacity of unreitdd loose and dense sand beds. The main
conclusions from the experimental investigation evérhe existence of soft pockets had a
major impact in reducing the capacity of the soitésist surface loads. With the increase in
the width of soft pockets the bearing capacity cedudramatically. It was found that for a
soft pocket of similar footing width placed at gptte equal to footing width B, the bearing
capacity reduced by 55% in loose sand and 70%rnisaleand. Soft Pockets within the depth
of 1.5B below the footing interfere with the fakuzone underneath the foundation and result
in significant loss to the carrying capacity. Feslwf the reinforcing layers in loose sand beds

was largely due to low frictional resistance betwesinforcing layers and surrounding soil.

Maheshwari et al.(2012)investigated the influence of randomly distributiddes on highly

compressible clayey soil, series of laboratory nhddeting tests were conducted. The
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dosages of polyester fibres having 12 mm in sizeewaken as 0.25%, 0.50% and 1.00%.
The results of load settlement curve of differanes of square footing on unreinforced soil
and soil reinforced with various amount and depth$ibre reinforced soil were recorded.
The results indicate that reinforcement of highbmpressible clayey soil with randomly
distributed fibres caused an increase in the utemiaearing capacity and decrease in

settlement at the ultimate load.

Rao et al. (2012¥ound from their experiments that fiber reinforcgmll may be considered
as a function of fibre weight fraction, aspectoatnd surface friction, soil characteristics (i.e.
angle of internal friction) and its density and finimg stress on shear strength of reinforced

soils.

Kumar and Kaur (2012) investigated the potential benefits of fibre rensked soil
foundations over unreinforced sands subjecteddinied loads using total of 93 small scale
model footing load tests. The effects of soil rersement (percentage of fibres), thickness of
reinforced layer, soil density and load inclination some prominent parameters such as
ultimate bearing capacity, vertical settlement hadzontal deformation were investigated in
this study. Test results indicated that the usdilwe reinforced sand made considerable
improvement in ultimate bearing capacity, vertisattiement and horizontal deformation of
foundation. A statistical model using multiple lareregression analysis based on the
experimental data for predicting the settlement) (&psquare footing on reinforced sand at
any load applied was done where the dependentolames predicted settlement (Sp).

Ahmadi and Bonab (2012)did experimental and analytical investigations ofa#i-scale
physical model tests. For this purpose, a set sist&vere conducted with and without
reinforcement on the top of the backfill. The speens were different in terms of parameters
like the number of geotextile layers, the vertidstance between layers and the strip footing
distance from the wall. Soil failure in the bearicapacity step and the backfill shear zones
was analysed using particle image velocimetry nughdearing capacity of the strip
footings was studied using analytical procedurd® fiesults indicated that a reinforcing top
zone of the flexible retaining structures mightrhere appropriate than unreinforced case.
The ultimate bearing capacity and wall deflectioould be significantly improved by
increasing the number of reinforcement layers. Wtieee layers of reinforcement were
used, there was an optimum vertical spacing olakliers at which the bearing capacity was
the greatest. The study showed that the analyscdlition and the results from the

experimental models were in good agreement.
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The Colorado Division of Highways (2013)suggested use of flexible reinforced soil
retaining structures to meet architectural and remvinental constraints in the design of I-70
at sites underlain by compressible soils in Glerdv@anyon. Four wall systems were
constructed: Reinforced earth, Retained earth, Wakk and Geotextile reinforced walls. The
geotextile reinforced-soil retaining wall tests weatescribed, and design, construction, and
instrumentation details were provided. The test wak 300 ft long and approximately 15 ft
high. The wall incorporated four nonwoven geotestileach in two weights) in 10 test
segments. Instrumentation was provided to monitadtlesnents and surface and internal
deformation of the reinforced soil. The test waltlha gunnite facing. The wall was designed
by conventional methods. However, some segments assigned lower-than-usual factors
of safety to provide a more critical test. Sincéstauction, the wall had settled from 6 to
more than 18 in due to foundation consolidatiorstveall performance, however, had been
satisfactory, and none of the segments had extiliigtress. Wall design and performance
relative to laboratory geotextile strength and préest results were analysed, and it was

concluded that safe, economical geotextile walldabe designed by existing methods.

Chandra Shekar Arya et al. (2013)carried out an experimental study to investigheedry
density and CBR behaviour of waste plastic (PETteat on stabilized red mud, fly ash and
red mud fly ash mix. PET bottle of size less th@m#n and bigger than 4.75 mm was taken
and mixed in different proportions of 0.5, 1, 2ar®&d 4% by dry weight of red mud, fly ash,
and red mud fly ash mix. From the test resultsasviound that with inclusion of plastic (1)
The dry density of red mud, fly ash, red mud fliy asix increases at 2% plastic content. And
there after with the inclusion of plastic theren@gincrease in dry density. (2) The dry density
of red mud, fly ash, red mud fly ash mix at 2% ptasontent was found to increase from
1.53 g/cc, 1.21 g/cc, 1.38 g/cc to 1.62 g/cc, B/2e, 1.44 g/cc. (3) The unsoaked and soaked
CBR values increased with the varying plastic conéad found to be optimum at 2% plastic
content. (4) The unsoaked CBR values of unreintbreel mud, fly ash and red mud fly ash
mix is found to be 2.92%, 8.03% and 7.6%. The ukst&BR values of reinforced red mud,
fly ash and red mud fly ash is found to be 9.72%84% and 10.66% at 2% plastic content.

Haider Mohammed Mekkiya (2013) carried out experimental study on new soill
improvement method with a minimum cost by usingypw@r fiber materials having a length
of 3 cm in both directions and 2.5 mm in thicknedistributed in uniform medium dense
sandy soil at different depths (b, 1.5b and 2bdwehe footings. Three square footings have

been used (5 cm, 7.5 cm and 10 cm) to carry theeaborestigation by using lever arm
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loading system design for such purposes. Thesesfivere distributed from depth of (0.1b)
below the footing base down to the investigatedtdelp was found that the initial vertical
settlement of footing was highly affected in thelyatage of loading due to complex soil-
fiber mixture (SFM) below the footing. The failu@ad value for proposed model in any case
of loading increased compared with the un-reinfdra®il by increasing the depth of
improving below the footing. The bearing capaciéyio (BCR) for soil-fiber mixture has
been increased by ratio of (1.4 to 2.5), (1.7 ® 4nd (1.8 to 8) for footings (5 cm, 7.5 cm
and 10 cm) respectively. The yield load-settlenfentsoil-fiber mixture system started at
settlement of about 1.1% b while the yield loadumreinforced soil started at smaller
percentage which reflects the benefits of usinghstiber material for improving soll
behaviour. It is concluded that, the bearing capaatio increased from unreinforced to
reinforced condition which reflect the benefit oking such polymer fiber material
underneath footing as minimum cost solution foréasing the bearing capacity and reduces

soil settlement.

Mahali and Sinha (2015)carried out a series of California bearing rafBBR) tests on
reinforced stone dust. Three different sizes of REips were used in this study. The effect
of strips content (0.25% to 2%) and length on tiBRGralue of reinforced stone dust were
investigated. It was investigated that maximum CB&ue of reinforced system is

approximately 2.79 times that of unreinforced syste

Kala (2017) experimentally investigated the utilization of weaglastic as geotechnical

material to solve both geotechnical and environalgooblem. It was observed that there is
considerable increase in bearing capacity valulk thi¢ inclusion of plastic waste addition of
4% PET bottle plastic waste can improve the sh#angth of the soil sample up to 39.9
KN/,

2.2 Theoretical Studies

Review of some important theoretical studies onfoeced soil is arranged in chronological

order as follows:

Chandrasekhar et al. (1998)arried out a plane strain elastic interaction ysialof a strip

footing resting on a reinforced bed by utilizingcambined analytical and finite element
method (FEM). After obtaining the stiffness matiox the reinforced soil bed, the reinforced
zone has been idealised as an equivalent orthotnofmite strip (composite approach) and a
multi layered system (discrete approach). In thelyams the interface between the strip
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footing and the reinforced half plane had been rassuas (i) frictionless and (ii) fully
bonded. The load-deformation behaviour of the cetdd soil obtained using above
modelling had been compared with some availabléyaca and model tests results. The
importance of performing the combined interactioralgsis, taking into account of the
deformational characteristic of the soil and tlexdiral behaviour of the foundation, had been
brought out. The force distribution along the rensEment was computed using Boussinesq’s
stress distribution theory. It was shown that tbenposite approach was simple to use and
required minimum computational effort compared with other methods, without sacrificing
the accuracy of predictions. The analysis presebtedhe authors was based on elastic

theory.

Belal and George (2000¢arried out finite element analysis of reinforseil retaining walls
subjected to seismic loading. The meshing of theehoonsisted of 744 elements and 930
nodes. The elements were discretized into 4 nodadrdateral elements. The retaining wall
was designed as pseudo-static design procedulan8del was considered as Drucker Pager
model. The properties of the soil were taken asng@modulus E = 82680 kPa, Poisson’s

ratio = 0.3, cohesion ¢ = 0, unit weight = 1628nkg/angle of internal frictionp = 37.5 and
angle of soil dilationp = 1.

Kellezi and Stromann (2003)analyzed spud can penetration for multi-layeraticat soil
conditions. Mohr-Coulomb elasto-plastic constitatsoil model was formulated for sand and
clay layers considering the available soil paramset@ased on the same parameters extended
Drucker Prager (DP) parameters for sand and voredVimrameters for clay were derived
and used in the final FEM calculations. Two axisyetme parts were created for soil and
spud can and assembled them together in the iphiade. Spud can was taken as weightless
material. ‘Contact pair’ modelled the non-linead-spud can interaction during penetration.
The bottom spud can area was modeled as ‘Mastéacest and the sea bottom area were
modeled as ‘Slave Surface’. A friction coefficiewith its value of 0.6 is used for the
tangential behavior between the spud can contaf@cguand soil, based on the parameters of

the soil layer in contact. An elastic slip of 0.005~vas predefined for the study.

Basudhar et al. (2007)analyzed the behavior of a geotextile-reinforcaddsbed using the

finite element method with a strip loading. Thegwsed method was calibrated and validated

by comparing the results for some standard probl®asmetric studies examined the effect

of reinforcement depth, the ratio of the moduluglakticity of the geotextile and the soil, the

variation of soil modulus with depth and soil laygroperties on the settlement of the
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footings. Based on the parametric study they catezithat the ratio of modulus of elasticity
of soil (E) and the geotextile ¢(fEplayed a role to detect the slip between soil gewtextile
occurring along the contact surface, the redudtiagettlement ratio at a modular ratio of 200
is about 12%, for a single layer of geotextile f@ioement the optimal placement depth is
0.6b, b being the strip width, the shear forcenm geotextile increased up to a distance of 0.5

times of b from center and then decreased.

Madhavilatha et al. (2009)incorporated the numerical simulation of the betraef Geo-
cell reinforced sand foundation. The study was duuid finite element analysis. The
analyses were performed using displacement comrethod. Vertical deformation was
applied in small increments of 0.025 mm per loagpstLaboratory model testing was
simulated numerically using the finite element c&IEOFEM. Eight noded quadrilateral
meshing was selected for finite element analysisaBpQUS. The meshing consisted of 378
nodes and 1213 nodal points. As boundary conddiosupport condition roller support was
taken at the two side faces of the model and heggport was selected as the bottom

boundary of the model.

Jie Gu (2011)carried out the numerical modeling of reinforcex $oundation by finite
element modeling software. In geometrical modelergyth to width ratio was considered as
10 hence taken as plain strain problem. He analyzednodel as 2-D plain strain model.
Dimension of the domain was 7.5Bx7.5B (B = founaiatwidth) with 16500 elements. Soil
was discretized using 8 noded iso-parametric elésresn geogrid was modeled with surface
element following Coulomb friction law. Uniform ueral downward displacement was
applied. Horizontal displacements at the interfdmdween footing and the soil were
restrained to zero assuming perfect roughnessetanterface and symmetry of the footing.
The vertical displacement was applied in 1000 imenets. In initial condition geostatic stress
was applied. Gravity load due to the soil was agpin the first step of analysis. In Material
modeling three types of material modeling were te@asoil model, geogrid model and soil-
geogrid interaction model. Soil model was takeneatended Drucker Pager model with
isotropic elasto-plastic continuum. Interaction viie¢n two deformable bodies or a

deformable body and a rigid body was considerdaddermodel.
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2.3 Motivation of the Present Research

It is observed from the literature review th@absavi et al. (2004), Consoli et al. (2005),
Dutta and Venkatapparao(2007) and Babu and Chouksey (201@}udied improvement of
soil occurs with fibre inclusion. The overall engaring behaviour of soils improves with
increase of strength indicated by peak frictionlarand cohesion intercept leading to an

increase in residual strength, ductility and enexigyorption capacity.

Further Chandrasekhar et al. (1998), Basudhar et al. (20p7Sharma et al. (2009),
Madhavilatha and Somwanshi (2009), Al-Saidi (2009)Kumar and Kaur (2012) also
found that use of reinforcements results in ina@aasbearing capacity of footing placed on

reinforced soil compared to that for unreinforced.s

Thus it appears that there is scope of study orawetr of clay mixed with randomly
distributed plastic fibre obtained from waste PEttles lies in recycling of plastic waste to
reduce environmental hazard. Mixing of waste ptastiips with soil may therefore be done
to increase the strength and stability of soilthlis context the present investigation has been
carried out to study the behaviour of clayey soiked with waste PET bottle strips. This
apart there remains a further scope of findingtbatbearing capacity of footings with the
soil improved with PET bottle strips. With thisurew the present study has been carried out,
with the objectives and scope of work outlined ima@ter 1, to examine the improvement of

soil with PET bottle strips and also its effecthmaring capacity of footings.
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Chapter 3

MATERIALS
3.0 General

In order to study the effect of ground improvemetth use of PET bottle strips three types
of soil have been used in the present study. Tdym® two more types of soil in addition to
the primarily collected clayey soil itself the sbis been mixed with 10% and 20% sand.
Different mixes have been obtained for those thsgmes of soil by mixing them with
different percent of PET bottle strips having difiet aspect ratios. Thus three types of
materials, namely, soil, sand and PET bottle stngge been used in this study. They have
been depicted in details in respect of their chtaraation and properties in the following

sections.
3.1 Primary Clayey Soil

The clayey soil has been collected from some lonatit Jadavpur near Jadavpur University,
Kolkata, West Bengal, India.

3.1.1 Sand

In this study, all experimental works have beeneautaken with one type of locally collected
sand. The sand is medium grained uniform quarryd daaving sub-angular particles of

weathered quartzite.
3.1.2 Soil Types Used

For the current investigation collected clayey smitl two types of amended soil (with sand)
have been used in this present study. The threstgpsoil namely S1, S2 and S3 have been
identified as follows:

1) Clayey soil (S1).

2) Soil with 90% clayey soil and 10% sand by weightlof soil (S2).

3) Soil with 80% clayey soil and 20% sand by weightiof soil (S3).

3.1.3 PET Bottle Strips as Reinforcement

For the present study, plastic strips have beeaimdd from PET bottles, procured for this
purpose. Strips of required sizes of 5 mm x 5 mmmn® x 10 mm and 5 mm x 15 mm with
aspect ratios of 1, 2 and 3 have been preparedtting the PET bottles. These strips have

been used as reinforcement. The content of PETebsitips has been varied with 0.5%,
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1.0%, 1.5% and 2.0% to study the effect of theatamn of content with different proportion
of the soil-reinforcement mixes. Typical waste Rioftle strips are shown in Fig. 3.1.

Fig. 3.1: PET bottle strips

3.2 Soil-reinforcement Mixes

The three types of soil namely S1, S2 and S3 adiomexl above have been mixed with
reinforcements with three aspect ratios (1, 2 gnd3e combinations of all these mixes have
been indicated in Table 3.1.
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Table 3.1:Soil Reinforcement Mixes

Sl. No. Soil Type Aspect Ratio % of Mix
1 S1 Nil 0
2 S1 0.5
3 S1 1 1
4 S1 15
5 S1 2
6 S1 0.5
7 S1 2 1
8 S1 15
9 S1 2
10 S1 0.5
11 S1 3 1
12 S1 15
13 S1 2
14 S2 Nil 0
15 S2 0.5
16 S2 1 1
17 S2 15
18 S2 2
19 S2 0.5
20 S2 2 1
21 S2 1.5
22 S2 2
23 S2 0.5
24 S2 3 1
25 S2 1.5
26 S2 2
27 S3 Nil 0
28 S3 0.5
29 S3 1 1
30 S3 1.5
31 S3 2
32 S3 0.5
33 S3 2 1
34 S3 15
35 S3 2
36 S3 0.5
37 S3 3 1
38 S3 15
39 S3 2
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3.3 Material Properties

In order to determine different properties of anagi clayey soil, two types of soils amended
with sand without PET bottle strips and also prapsrof different soil-reinforced mixes,
various laboratory tests have been conducted. Esmthhas been performed thrice and the

average value has been taken.
3.3.1 Test Program

In this section various tests conducted for deteaton of properties of three different types
of soil, PET bottle strips and soil-PET bottle gtmixes have been described as mentioned in
the test programs for different soil types- origiaad amended soils and PET bottle strip
mixes have been presented in Tables 3.2, Tablar®i3rable 3.4 respectively. The program

tests of different types of materials have beesqmted in the following sections.

Soil-PET bottle strips mixes have been preparetd @itypes of soil (S1, S2 and S3) and PET
bottle strips with 3 aspect ratios (1, 2 and 3) forceach aspect ratio 4 strip contexts (0.5%,
1.0%, 1.5% and 2.0%) have been taken. In this wt} humber of tests on each type mix
becomes 36. The test program is furnished in Taldend 3.3 for soil and sand respectively.

Table 3.2: Test Program for soils (S1, S2 andS3)

Test No. of tests Remarks
Hydrometer Test
Liquid Limit
Plastic Limit 3 1 no. test for each
Standard Proctor Test: Maximum Dry Density and type of soil
Optimum Moisture Content S1, S2 and S3 for
Unconfined Compressive Strength each test

Unconsolidated Undrained Triaxial Test

w W w w

Consolidation Test

Table 3.3: Test Program for Sand

Test No. of test

a. Sieve analysis test 1
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Tests on plastic strips have been carried outdentification of characteristics of PET bottle

strips has been presented in Table 3.4

Table 3.4:Test Program for PET Bottle Strips

Property No. of test
Average width 1
Average thickness 1
Average tensile strength 1
Density 1
Water absorption 1

The test program for soil-PET bottle strip mixes baen presented in Table 3.5.

Table 3.5: Test Program for Soil-PET Bottle Strip Mixes

Test No. of Remarks
tests
Standard Proctor test: Maximum dry density 36
(kN/m?) and Optimum moisture content (%)
For each
Unconfined compressive strength 3¢ mix 1 no.
test of each
Unconsolidated undrained test 36 type
Consolidation Test 36

3.4 Test Procedures

Procedures of tests for determining engineeringpgmees of different types of soil, PET

bottle strips and soil-PET bottle strip mixes haeen described in this section.

The three types of soil namely Clayey soil (S1)i] #th 90% clayey soil and 10% sand by
weight of dry soil (S2) and Soil with 80% clayeyilsand 20% sand by weight of dry soil

(S3) without PET bottle strips has been testedthis relevance procedure of Atterberg’s
limit, grain size distribution, standard Proctorngmaction test, unconfined compressive
strength test, and triaxial test (UU) have beertiesd in this section. For locally available
sand, particle size analysis by sieving method famddetermination of tensile strength,
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density and water absorption of PET bottle strifsiaf procedure has been depicted in this
section. In case of soil samples mixed with plastitgp of aspect ratios of 1, 2 and 3
procedures of standard Proctor test, unconfinedpcessive strength test and triaxial tests
have been followed appropriately. Consolidation vess carried out on soil-PET bottle strip
mixes have been performed after obtaining optimuwrcgntage of plastic strip content to
observe the change in compressibility behaviousaf due to addition of strips of PET

bottles.

3.4.1 Tests on Soil Samples

In order to determine the properties of clayey aoil sand amended clayey soils with PET
bottle strips an attempt has been made to carryandus relevant tests for determination of
their different properties. The procedures of théssls are described in the following

sections.
3.4.1.1 Atterberg’s Limit

Casagrande liquid limit device is used to deterntiveeLiquid limit and plastic limit of the
soil as per 1S-2720 (Part 5).

The liquid limit of fine-grained soil is the wateontent at which soil behaves practically like
a liquid but has small shear strength. Its flowse® the groove in just 25 blows in
Casagrande liquid limit device and the correspapdirater content is considered as liquid
limit.

The plastic limit of fine-grained soil is the wamntent of the soil below which it ceases to
be plastic. It begins to crumble when rolled intoetds of 3 mm diameter and the

corresponding water content is taken as the plastit
3.4.1.2 Grain Size Distribution

Grain size distribution of the soil is to be detered by standard hydrometer method using a
hydrometer confirming to 1S-2720 (Part 4). This huoet is applicable, if less than appreciable
percent of the material passes 75 micron IS si@vE00 ml soil suspension is prepared in a
measuring cylinder with 50 g of dry soil and 5 dlaeculating agent (Sodium hexameta
phosphate). The hydrometer reading is taken atr) om1/4 min, %2 min, 1 min, 2 min, 4
min, 8 min, 15 min, 30 min, 60 min and 24 hour frime start of the test. The hydrometer
reading is then corrected for meniscus correctidispensing agent correction and
temperature correction. Immersion correction isstgred from 2 min, with the help of
calibration curve of the hydrometer to find the tthepf centre of hydrometer. The particle

33



size settling at the level of centre of hydrometed the corresponding percent finer has been

determined. The grain size distribution curve entbeen plotted.
3.4.1.3 Standard Proctor Test

This Indian Standard code 1S-2720 (Part 7) laysrdthve method for the determination of the
relation between the water content and the dryitleatsoils using light compaction. In this

test a 2.6 kg rammer falling through a height dd 8im is used. The soil is uniformly mixed

with requisite quantity of water. Then it is suliget to light compaction in proctor method.

The soil is compacted in three layers applying vk of hammer on each layer. The actual
water content and dry density is then determindgk Mmaximum dry densities and optimum
moisture content of the unreinforced and reinforseits are determined by standard proctor
compaction. About 3 kg of dry soil passing thro@fhmm IS sieve is taken. For compaction
of soil-fibre mix, the required amount of fibre Hasen mixed with the dry soil before adding
water. The test has been repeated for differenémaintents to find the optimum moisture

content and maximum dry density.
3.4.1.4 Unconfined Compressive Strength Test

This Indian Standard code, 1S-2720 (Part 10) dessrithe method for determining the
unconfined compressive strength of clayey soil,istndoed, remoulded or compacted, using
controlled rate of strain. It is the load per uarea at which an unconfined cylindrical
specimen of soil will fail in the axial compressitest. Unconfined compression tests are
carried out on cylindrical specimens of 38 mm ditenand 76 mm height. These specimens
have been prepared at maximum dry unit weight gtonhom moisture content state, with
standard compaction. Initially all of the soil ahdlf of the water and fibres are mixed, after
which the proportions of water and fibre are gty increased up to optimal water content
and the required fibre percentage. The mix has bespacted in Proctor mould with desired
water content and density. Then specimens have ddeacted from the mould for carrying
out unconfined compressive strength test. Streagisturves have been drawn and ultimate
compressive strength has been determined for regdoand unreinforced soil. Typically
failed samples after the test are shown in Fig. 3.2
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Fig. 3.2:Samples after failure

3.4.1.5 Triaxial Test (UU)

IS-2720 (Part 11) describes the test for the detatmon of the shear strength parameters of a
specimen of saturated cohesive soil in the triastahpression apparatus under conditions in
which the cell pressure is maintained constant tuede is no change in the total water
content of the specimen. Unconsolidated undraimedial tests have been conducted on
unreinforced and reinforced soil samples at theefitontents and the aspect ratios. This test
is limited to specimens in the form of right cylerd of nominal diameter 38 mm and of
height 76 mm, twice the nominal diameter. The djiical specimens are prepared in a way
similar to that explained earlier in unconfined @eassion tests. The tests have been
conducted at three different confining pressureS@®kPa, 100 kPa and 150 kPa. The stress-
strain behaviour has been studied for both reieirnd unreinforced soils. Typically failed

samples at the maximum axial stress at differenficimg pressures are shown in Fig. 3.3.
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Fig. 3.3: Samples after failure at different confining p@a®s

3.4.1.6 Consolidation Test

This test was performed as per IS 2720 (Part 15)etermine the coefficient of volume
change that a laterally confined soil specimen tgwks when subjected to different vertical
pressures. From the measured data, the e vs. tagve has been plotted. These data are
useful in determining the coefficient of volume nga and the pre-consolidation pressure of
the soil. In addition, the data obtained have baeed to determine the coefficient of
consolidation of the soil. The soil sample has despt inside oedometer ring, with a porous
stone and filling paper at the top and another gp®iione and filter paper at the bottom. The
load on the sample was applied through a lever amd,the compression of the specimen
was measured by a micrometer dial gauge. The lothsity has been doubled every 24
hours. The specimen has been kept saturated witdr waoughout the test. Consolidation
tests have been run in floating ring type oedomeateder standard load increment ratio

starting from 0.25 kg/cfrand going up to 8 kg/ chas is generally done.
3.4.2 Tests on Sand

The test procedure of grain size analysis of Igcallailable sand has been described in this

section.
3.4.2.1 Grain Size Analysis

The grain size analysis for sand was performeddoordance IS 2720 (Part 4) with

recommended sieve sizes. An oven dried sampleilofesaining on 75um sieve was tested
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with sieve sizes of IS 4.75 mm, 2 mm, 1 mm, §@® 425um, 212um, 150um and 75um.
Sieving was performed by arranging those sievesowrethe other in order of mesh opening
with largest aperture sieve on top and smallestabribe bottom. A pan is kept at the bottom
and a cover is fixed at the top. The sand samplputsin the top sieve and the whole
assembly was fitted on a sieve shaking machine.aBsembly was shaken for 10 minutes.
The portion of soil sample retained on each sieas weighed to determine cumulative
percentage retained and corresponding percentag® fn order to draw grain size

distribution curve.
3.4.3 Test on PET Bottle Strips

In order to determine the properties of PET bo#teps different relevant tests for

determination of its tensile strength, density amder absorption have been carried out.
3.4.3.1 Average Thickness

Thickness of PET bottle strips was measured byameter with least count of Vernier scale
of 0.01 mm. In order to find the average thickness samples were tested. The variation

ranged between .02 mm.
3.4.3.2 Tensile Strength

ASTM D638 describes the test method covers therm@tation of the tensile properties of
plastics in the form of standard dumbbell-shapedt specimens when tested under defined
conditions of pre-treatment, temperature, humidégd testing machine speed. This test
method can be used for testing materials of argkti@ss up to 14 mm. Tensile strength of
PET bottle strip has been obtained by testing @uegrto the method given in ASTM D638.

3.4.3.3 Density

ASTM D792 describes the method of determinatiothefspecific gravity (relative density)
and density of solid plastics in forms such as she®ds, tubes or moulded items. The
density of PET bottle strip has been obtained Walhg the method given in ASTM D792.

3.4.3.4 Water Absorption

In this test the plastic strips were immersed i@ water for 24 hours for examining the
water absorption capacity of the PET bottle stripghis way, the water absorption of PET

bottle strips was determined with respect to iysvaeight.
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3.5 Presentation of Results of Material Testing

In this section an attempt has been made to préiseriest results of soil, PET bottle strips
and soil-PET bottle strip mixes to summarize theema properties based on the results of

the tests conducted as per the test programs dedaarlier.
3.5.1 Test Results on Sand

In this section the results of tests on sand haes Ipresented to find properties of clean sand
used to prepare two types of amended soils. Grasmdsstribution curve of clean sand has
been presented in Fig. 3.4. The characterizati@ehsarength properties of clean sand have

been presented in Table 3.6.
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Fig. 3.4: Grain size distribution curve of sand

Table 3.6: Properties of Sand

Test Grain Size Distribution
Sand 80%
Grain size
Silt 20%
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3.5.2 Test Results on PET Bottle Strips

In this section the results of tests on PET batilgps have been presented in Table 3.6. These

properties are useful to understand the composieepties of soil-PET bottle strip mixes.

Table 3.7: Properties of PET bottle strips

Sl. no. Test Test Results
1 Average thickness 0.5 mm
2 Average tensile strength 184.8 kgfcm
3 Density 1.38 gm/cth
4 Water absorption nil

3.5.3 Test Results on Soil Type (S1)

In this section the results of tests on Soil Tyde Have been presented to find various
properties of this soil type. Grain size distrilbuaticurve of clayey soil has been presented in
Fig. 3.5. Standard Proctor Compaction curves fayey soil have been shown in Fig. 3.6.
Figures 3.7 and 3.8 present axial stress-straiesuobtained from UU triaxial tests and

Mobhr circles respectively to obtain strength partarse
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Fig. 3.5: Grain size distribution curve of the clayey $a¢ soll
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3.5.4 Test Results of Soil Type (S2)

This section presents the results of tests onTSqé S2 to obtain various properties of this
soil type. Grain size distribution curve of clay®il has been presented in Fig. 3.9. Standard
Proctor Compaction curves for clayey soil have bgleown in Fig. 3.10. Figures 3.11 and
3.12 present axial stress-strain curves obtainech fUU triaxial tests and Mohr circles

respectively to obtain strength parameters.
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3.5.5 Test Results of Soil Type (S3)

In this section the results of tests on Soil Ty Have been presented to find various
properties of this soil type. Grain size distrilbbaticurve of clayey soil has been presented in
Fig. 3.13. Standard Proctor Compaction curves fyey soil have been shown in Fig. 3.14.
Figures 3.15 and 3.16 present axial stress-straives obtained from UU triaxial tests and

Mohr circles respectively to obtain strength partarse
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Based on all these figures an attempt has been toadétain the properties of soil of
different types. The characterization and strermgtiperties of different types of soil have

been presented in Table 3.7.

Table 3.7:Properties of Soil

Soil Type
Test Property
S1 S2 S3
Clay (%) 34 29 25
Grain size |Silt (%) 59 56 51
Sand (%) 7 15 24
Liquid Limit (%) 54 48 42
Alterberg's | - stic Limit (%) 2264 | 23 24
Limit
Plasticity Index (%) 31.36 25 18
Standard ProctdMax. Dry Density (g/c 1.65 1.72 1.8
Compaction Optimum Moisture Content (%) 19 18 15.4
Cohesion (kg/cn), ¢ 0.9 1.1 1.2
UU Triaxial |Angle of Internal Frictiond) 7° 10° 12
Modulus of Elasticity (kg/cA), E 13 15 18
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3.6 Results of Tests on Soil-PET Bottle Strip Mix

The results of the tests conducted on soil-PETléettip mixes have been presented in this
section. Based on the tests carried out accordiriget test program presented earlier in Table
3.5, the obtained results have been furnisheddptacal forms in the following sections.

3.6.1 Mix S1+AR1

In this section the results of tests on differgpes of soil have been presented to find various
properties of these solil types. Standard Proctaniastion curves, axial stress-strain curves
as obtained from UU triaxial tests and Mohr circtésstress for determination of shear

strength parameters for the mix for strip conten®.6%, 1.0%, 1.5% and 2.0% have been
shown in Figs. 3.17 to 3.19, 3.20 to 3.22, 3.23.8b and 3.26 to 3.28 respectively.
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3.6.2 Test Result of S1+AR:

In this section the results of tests on different sypesoil have been presented to find vari
properties of these soil types. Standard Proctan&stion curves, axial stre-strain curves
as obtained from UU triaxial tests and Mohr cirobésstress or determiiing shear strength
parameters for the mix for strip content of 0.5%%, 1.5% and 2.0% have been show
Figs. 3.29 to 3.31, 3.32 34, 3.3%0 3.37 and 3.38 to 3.40 respectively.
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3.6.3 Test Result of S1+AR:

In this section the results of tests on differgpes of soil have been presento find various

properties of these soil types. Standard Proctaniaetion curves, axial stre-strain curves
as obtained from UU triaxial tests and Mohr cirobésstress for determning shear strength
parameters for the mix for strip content of 0.5%0%, 1.5% and 2.0% have been showi

Figs. 3.41 to 3.43, 3.44 ©46, 3.470 3.49 and 3.50 to 3.52 respectively.
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3.6.7 Test Result of S2+AR:

In this section the results of tests on differgpes of soil have been presented to find var
properties of these soil types. Standard Prccompaction curves, axial str-strain curves
as obtained from UU triaxial tests and Mohr cirobésstres for determning shear strength
parameters for the mix for strip content of 0.5%0%, 1.5% and 2.0% have been show
Figs. 3.53 to 3.55, 3.56 ®58, 3.5¢0 3.61 and 3.62 to 3.64 respectively.
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3.6.8 Test Result of S2+AR:

In this section the results of tests on differgpes of soil have been presented to find var
properties of these soil types. Standard Proctaon&stion curves, axial stre-strain curves

as obtained from UU triaxial tests and Mohr cirobésstress for deterining shear strength
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parameters for the mix for strip content of 0.5%0%, 1.5% and 2.0% have been shown in
Figs. 3.65t0 3.67, 3.681 3.70, 3.71 to 3.73 aiid B 3.76 respectively.
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3.6.9 Test Result of S2+AR3

In this section the results of tests on differgpes of soil have been presented to find various
properties of these solil types. Standard Proctaniaztion curves, axial stress-strain curves
as obtained from UU triaxial tests and Mohr cirabésstress for determining shear strength
parameters for the mix for strip content of 0.5%0%, 1.5% and 2.0% have been shown in
Figs. 3.77 to 3.79, 3.80 to 3.82, 3.83 to 3.85286 to 3.88 respectively.
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3.6.10 Test Result of S3+AR1

In this section the results of tests on differgpes of soil have been presented to find various
properties of these solil types. Standard Proctaniastion curves, axial stress-strain curves

as obtained from UU triaxial tests and Mohr cirabdésstress for determining shear strength
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parameters for the mix for strip content of 0.5%0%, 1.5% and 2.0% have been shown in
Figs. 3.89 t0 3.91, 3.92 to 3.94, 3.95 to 3.97 288 to 3.100 respectively.
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3.6.11 Test Result of S3+AR2

In this section the results of tests on differgpes of soil have been presented to find various
properties of these solil types. Standard Proctaniaation curves, axial stress-strain curves
as obtained from UU triaxial tests and Mohr cirabésstress for determining shear strength
parameters for the mix for strip content of 0.5%0%, 1.5% and 2.0% have been shown in
Figs. 3.101 to 3.103, 3.104 to 3.106, 3.107 toBarfid 3.110 to 3.112 respectively.
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3.6.12 Test Result of S3+AR3

In this section the results of tests on differgpes of soil have been presented to find various
properties of these soil types. Standard Proctan&stion curves, axial stress-strain curves

as obtained from UU triaxial tests and Mohr cirabdésstress for determining shear strength
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parameters for the mix for strip content of 0.5%0%, 1.5% and 2.0% have been shown in

Figs. 3.113to 3.115, 3.116 to 3.118, 3.119 toBdrd 3.122 to 3.124 respectively.
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Based on all these figures an attempt has been toadbtain the properties of Soil-PET
bottle strips mixes prepared with 3 types of s8il,(S2 and S3) and PET bottle strips with 3
aspect ratios (1, 2 and 3) and of 4 strip contgft8%,1.0%, 1.5% and 2.0%). The
characterization and strength properties of diffetgpes of mixes have been presented in
Table 3.8.

Table 3.8: Property of Soil-PET Bottle Strips Mix

i iorf Angle of
Sl. | Type of| Dimension with Optimum MDD | UCS (q) Cu Cohesior : nge o
No. | soail percentage water (g/ cn?)| (kglent) | (kg/ent) ©) internal
' content (% (kg/cnt) |friction @
5 mm x 5mm o
1 S1 (0.5%) 17.8 1.68 2.5 1.25 1.05 9
5mm x5 mm
2 S1 (1.0%) 17.48 1.7 2.79 1.39 1.2 11
3 | gy | CMmxsmmg 167 | 245 | 122 1 °g
(1.5%) ' ' '
5mm x5 mm o
4 S1 (2.0%) 18.44 1.65 2.15 1.07 0.9 6
5mm x 10 mm o
5 S1 (0.5%) 17.6 1.7 2.60 1.30 1.15 9
5 mm x 10 mm
6 S1 (1.0%) 17.4 1.71 3.0 1.50 1.35 12
5mm x 10 mm o
7 S1 (1.50%) 18.15 1.66 2.38 1.19 1.0 8
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5mm x 10 mm o

8 S1 (2.0%) 19.2 1.64 2.10 1.05 0.9 6
5mm x 15 mm

9 S1 (0.5%) 18.15 1.67 2.66 1.33 1.1 90
5mm x 15 mm

10 S1 (1.0%) 18.50 1.65 2.50 1.25 1.0 93
5 mm x 15 mm o

11 S1 (1.50%) 19.40 1.62 1.88 0.94 0.6 9
5mm x 15 mm o

12 S1 (2.0%) 19.80 1.58 1.65 0.82 0.5 7
5 mm x 5mm

13 S2 (0.5%) 16.90 1.70 3.08 1.54 1.3 911
5 mm x 5mm

14 S2 (1.0%) 15.85 1.72 3.45 1.72 1.45 13
5 mm x 5mm o

15 S2 (1.5%) 17.50 1.67 2.68 1.34 1.18 9
5 mm x 5mm o

16 S2 (2.0%) 19.60 1.65 2.25 1.12 0.98 7
5 mm x 10 mm

17 S2 (0.5%) 16.50 1.71 2.98 1.49 1.3 92
5 mm x 10 mm

18 S2 (1.0%) 15.53 1.74 3.55 1.77 1.48 13
5mm x 10 mm o

19 S2 (1.50%) 18.50 1.64 2.15 1.07 0.95 7
5mm x 10 mm o

20 S2 (2.0%) 19.20 1.61 1.85 0.92 0.76 6
5mm x 15 mm

21 S2 (0.5%) 17.00 1.71 3.32 1.66 1.45 12
5mm x 15 mm

22 S2 (1.0%) 18.24 1.68 2.96 1.48 1.25 14
5mm x 15 mm o

23 S2 (1.5%) 19.50 1.63 2.15 1.07 0.8 9
5mm x 15 mm o

24 S2 (2.0%) 20.20 1.60 1.77 0.88 0.65 7
5 mm x 5mm

25 S3 (0.5%) 15.20 1.75 3.16 1.58 1.35 13
5 mm x 5mm

26 S3 (1.0%) 14.85 1.76 3.65 1.82 1.55 15
5 mm x 5mm

27 S3 (1.5%) 16.50 1.68 2.78 1.39 1.2 121
5 mm x 5mm o

. 0
28 S3 (2.0%) 19.60 1.65 2.53 1.26 1.0 8
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5mm x 10 mm
29 S3 (0.5%) 15.10 1.75 3.28 1.64 1.4 14
5 mm x 10 mm
30 S3 (1.0%) 14.73 1.77 3.75 1.87 1.5 96
5mm x 10 mm o
31 S3 (1.5%) 17.00 1.67 2.65 1.33 1.15 9
5mm x 10 mm
2 S3 19.65 1.63 2.15 1.07 0.8 °7
3 (2.0%) 8
5mm x 15 mm
33 S3 (0.5%) 15.00 1.76 3.48 1.74 1.48 14
5mm x 15 mm
34 S3 (1.0%) 16.84 1.71 3.28 1.64 1.33 17
5mm x 15 mm
35 S3 (1.50%) 18.50 1.66 2.38 1.15 0.95 11
5mm x 15 mm
6 S3 20.50 1.62 2.07 1.0 0.75 °9
3 (2.0%) 3

3.7 A Brief Discussion on Material Properties

It is observed that OMC decreases and MDD increadbsincrease of percentage of sand.
Sand can retain less moisture and the densityeok#imd is quite higher than that of clay.
Angle of internal friction ¢) increases with increase of percentage of plastips but up to
1% of plastic strips. It is obvious since qualitaty increase of shear strength occurs with
increase of density of a soil. Shear strength (@) angle of internal frictiond) increases
with increase of percentage of sand. Since theityenisthe sand is quite higher than that of
clay and sand helps to increase the angle of stgeagsistance of the soil. OMC decreases
and MDD increases with increase of percentage a$tigl strips up to 1% and it is also
noticed that beyond 1% of plastic strips the OMCréases and MDD decreases because
plastic fibers have no water absorption capacityaso addition of plastic fiber increases the
MDD. After addition of more than 1% plastic fibdrete is increase of void ratio due to
separation of soil grains caused by plastic fibAfter addition of 1% of plastic strips, angle
of internal friction decreases for aspect rati@ Bnd 3. There is an increase in MDD, UCS,
modulus of elasticity and shear strength with addiof plastic strips up to 1% beyond which
these properties do not show any improvement dfisaiespect of strength. Further this
occurs up to aspect ratio of 3. The values of ¢oient of consolidation have been obtained
from time-settlement data (not presented). Theatues have also been furnished in tables.
The my, values are obtained for getting settlement ofifgst used for numerical study in

chapter 5. Thecvalues give an idea about the time required ftiteseent of a footing for
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occurrence of a particular degree of consolidatidre values for each soil type S1, S2 and
S3 obey with reinforcement with different aspedios and optimum strip content of 1%

have presented in the following sections.
3.8 Influence of strip content on properties of SGPET bottle strip mixes

In an attempt to find variation of plastic stripntents on properties of the mixes it is found
necessary at this stage to find the optimum cordeRET bottle strips at which the strength

properties yield maximum value for each type of s&1, S2 and S3.

Therefore the variation of unconfined compressivength test and also the Shear Strength
parameters have been studied with variation of guerof plastic strips in the following

sections.
3.8.1 Variation of UCS with % of Plastic Strips

Variation of UCS with % of plastic strips for thrégpes of soil has been presented in
Fig.3.125 (a) to (c) for soil S1, S2 and S3 regpelst It is observed that UCS increases with
increase of percentage of plastic strips but up%oand it is also noticed that after 1% of
plastic strips the UCS decreases for aspect ratloand 2. In case of aspect ratio 3, there is a
reduction of UCS. Optimum value comes at aspei Batlt may also be found in Table 3.6
that up to aspect ratio 2 MDD increases for additid 1% plastic fibore and beyond this
aspect ratio and percentage of strip MDD decreddes.same trend is observed in case of
UCS also due to the fact that increase of MDD eauscrease of shear strength and thereby
increase of UCS and the vice versa. Beyond AR ah@ after addition of 1% plastic fibre

UCS decreases for the same reason.

3.5
3
= 25 =
£
L 2
[T]
g
- 1.5 =@=—5mm x 5mm
o
> 1 =f=5mm x 10mm
0.5 5mm x 15mm
0
0 0.5 1 1.5 2 2.5
% OF PLASTIC STRIPS

Fig. 3.125(a):UCS vs. Percentage of plastic strips — Soil S1
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Fig. 3.125(c):UCS vs. Percentage of plastic strips - Soil S3

3.8.2 Variation of Shear Strength Parameters with %of Plastic Strips

Both the shear strength parameters C @méve been considered to study the alteration of

shear strength of soil due to addition of PET leddtlips.
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Variation of C with % of plastic strips has beeeganted in Fig. 3.126(a) to (c) for soil S1,
S2 and S3 respectively. Similarly variation@fvith % of plastic strips has been shown in
Fig. 3.126(d) to (f) for soil S1, S2 and S3 respety. It is observed that shear strength (c)
increases with increase of percentage of plagtigssbut up to 1%. But beyond addition of
1% of plastic fibre, ¢ decreases for aspect rattmd 2. For aspect ratio 3, there is reduction
in value of c. Angle of internal frictiong] increases with increase of percentage of plastic
strips but up to 1% of plastic strips. After adalitiof 1% of plastic strips, angle of internal
friction decreases for aspect ratio 1, 2 and 3iMph value occurs at aspect ratio of 2 for
shear strength. At aspect ratio ofgBncreases up to 1% of plastic strip but sinceghgran
appreciable reduction in c, effectively the shdegrgth is reducing. Hence optimum value

occurs at aspect ratio 2.
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Fig. 3.126(a):C vs. Percentage of plastic strips
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3.8.3 Optimum Value of Aspect Ratio and Percent d®lastic Strips

Considering all the results of soil-PET bottlestfieinforced) mixes, it appears that there is
an increase in MDD, UCS, and shear strength paemsetith addition of plastic strips up to
1% beyond which these properties do not show argrawement of soil in respect of
strength. Further this occurs for all aspect rat8ased on this optimum values attempts have
been made to carry out consolidation tests on elexamples of reinforced soil so that the
data may help in determination of allowable beacagacity of model footings. Since this
optimum percent of plastic strips occurs for ak tihhree aspect ratios has been chosen for

further part of investigation.
3.9. Consolidation Test with 1% of Optimum Reinforement

The presence of plastic strips in soil plays al vidée in increasing the rate of consolidation
of soil. To investigate the effect of plastic stop co-efficient of volume change and co-
efficient of consolidation further investigation shéeen carried out with optimum 1% of

reinforcement.
3.9.1 Test Programme for Consolidation Test

The test programme for consolidation test of optimplastic strip content of 1% is presented
in Table 3.9.
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Table 3.9: Test programme for consolidation tests

TESTS

Plastic| Aspect

Soil type % Ratio

No. of
tests

Consolidation

S1
S2 0 -
S3

S1+AR1
S1+AR2 1 1
S1+AR3

tests

S2+AR1
S2+AR2 1 2
S2+AR3

S3+AR1
S3+AR2 1 3
S3+AR3

Total No of Tests:

12

3.9.2 Presentation of Results of Consolidation Test

been presented in tabular form in Tables 3.1018.3.

Table 3.10:Coefficient of volume change for S1 soil type

Type of Soil S1 S1+AR 1 S1+AR2 S1+ AR
Applied Pressure Coefficient of volume change
(kN/m?) (m?/kN)
0-125 0.00016842(10.000126316 0.000084211 0.000126316
12.5-25 0.0006751050.000548234 0.000505796 0.000548234
25-50 0.00055319/10.000488323 0.000424178 0.000467091
50 - 100 0.0003883% 0.000343900.000289389 0.000386681
100 - 200 0.0002585260.000229634 0.000190321 0.000240964
200 - 400 0.0002145680.000165081 0.000141353 0.000176768
400 —- 800 0.0001430680.000101273 0.000105533 0.000110529

In this section, the results of consolidation testoriginal clayey soil and soil-PET bottle
strip (reinforcement) mixes have been presentecatfampt has also been made to obtain co-
efficient of volume change (fnat different pressure ranges of surcharge. Theatlues have
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Table 3.11:Coefficient of volume change for S2 soil type

Type of Soil S2 S2 + AR1 S2 + AR2 S2 + ARB
Applied Pressure Coefficient of volume change
(KN/m?) (m?/kN)
0-125 0.00016842/10.000126316 0.000084211 0.000210526
12.5-25 0.0006329110.000506062 0.00037934/ 0.000548813
25-50 0.00048910R0.000403183 0.000359979 0.000467588
50 — 100 0.0003229280.000267953 0.000245726 0.000311828
100 — 200 0.0002461710.000184682 0.000173064 0.00021846
200 - 400 0.0001514300.000116215 0.000107320 0.000178671
400 — 800 0.0000968770.000070822 0.000067492 0.000092646

Table 3.12:Coefficient of volume change for S3 soil type

Type of Soill S3 S3+AR1 S3 + AR2 S3 + ARB
Applied Pressure Coefficient of volume change
(kN/m?) (m?/kN)
0-125 0.00016842(10.000126316 0.000084211 0.000084211
125-25 0.0005063290.000421719 0.000337191 0.000379347
25-50 0.0004670910.000402756 0.000338624 0.000423504
50 -100 0.00034371p0.000267666 0.00025613/ 0.000310326
100 - 200 0.00021857/90.000184482 0.000172973 0.0002010871
200 - 400 0.0001452510.000099502 0.000077008 0.000119246
400 - 800 0.00008055/20.000073322 0.000071229 0.000078125

3.9.3 Variation of Coefficient of Volume Change wh Aspect Ratio.

As co-efficient of volume change indicates the amaf settlement that a soil will undergo,
this property has been studied to understand thegehin soil behaviour due to addition of
plastic strips of PET bottles. The consolidatiostsewere carried out with optimum 1% of

reinforcement.
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The m value for the different pressures ranging from 8.800 kN/nf has been taken into
consideration. It was found that the value gfwas lesser for reinforced soil as compared to
that of unreinforced one and the minimum value wh&ined at an aspect ratio of 2 for
almost entire pressure ranges in all three typesoffor 1% of reinforcement as shown in
the figure 3.127(a) to 3.127(c) below.
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Fig. 3.127(a):Variation of m for different AR on Soil type S1 (Clay Only)

106



0.0007

0.0006
= 00005
3
~0.0004
E —_—y—52
£ 00003 —8—57 + AR1
=
E 0.0007 —i—52 + ARZ
——52+ AR3
0.0001
0
10 100 1000

Applied Pressure in K N/m2

Fig. 3.127(b):Variation of my for different AR on Soil type S2 (90% Clay + 10%nd)

0.0006
0.0005 L\
2  0.0004
v
L"‘ \
E ooo03 =33
= —=—53+ARL
-l
g 00002 —4—53+ ARZ
——53+ AR3
0.0001 [—f
0.0000

10 100 1000

Applied Pressure in KN/m2

Fig. 3.127(c):Variation of my for different AR on Soil type S3 (80% Clay + 20%nd)

107




As seen above, the reduction in coefficient of wmduchange is maximum for aspect ratio of
2. The decrease in coefficient of volume changelifferent pressure ranges and soil types
for aspect ratio 2 with respect to correspondingeunfiorced soil are summarized in Table
3.13.

Table 3.13:Decrement of coefficient of volume change of aspatio of 2

Type of ) ] S3 +
Soil S1 S1+AR2 % S2 S2 + AR2 % S3 AR? %
Applied my my decre my my decre m, m, decre
Pressure| (m7kN) | (m?/kN) | ment | (m7kN) | (m%kN) | ment | (m?kN) |(m*kN) | ment

(kN/m?) | x10° | x10° X10° | X10° X10° | x10°

0-125 | 0.1684 | 0.0842| -50.00 0.1684  0.0842 -50/00 0.16840842 | -50.00
125-25| 0.6751 | 0.5058| -25.08 0.6329 0.3793 -40(06 0.50633372 | -33.40

25-50 | 0.5532 | 0.4242| -23.32 0.4891 0.3600 -26/40 0.4671338® | -27.50
50-100 | 0.3883 | 0.2894| -25.48 0.3229  0.2457 -2391 0.34372561 | -25.48
100-200| 0.2585 | 0.1903| -26.383 0.2462 0.1731 -29/70 0.2186173D | -20.86
200 -400| 0.2146 | 0.1414| -34.12 0.1514  0.1073 -29]13 0.1453077D. | -46.98
400-800| 0.1431 | 0.1055| -26.24 0.0969 0.0675 -30/33 0.08060712 | -11.57

Firstly it can be seen that there is reduction {rvatues for S2 soil type with respect to S1
due to presence of sand. The reduction can fulibeseen in S3 soil type due to more sand
percentage. From the Table 3.13 it appears thatléeement in values of coefficient of
volume change due to addition of Plastic stripsalbpressure ranges has average values of
30.09%, 32.79% and 30.83% for S1, S2 and S3 god tgspectively. From above it is clear
that presence of plastic strips in soil plays aparntant role in reduction of compressibility of

soil.

As found above the optimum fibre content becomesah% optimum aspect ratio is 2 for all
types of soil used in this study. This may be du¢he fact that when the strip content and
aspect ratio increases beyond the optimum, theteffiecompactness of soil becomes less,
that is, strip portion of the mix becomes too muehjch results in decrease in dry density
and the corresponding shear strength. Based gmtlodel footing tests as well as numerical
study have been carried out for studying the appba of soil-PET bottle strip mixes in case

of bearing capacity of footings.
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Chapter 4
MODEL FOOTING TEST

4.0 General

Based on the study of materials it has been fobatdptimum percentage of PET bottle strip
reinforcements becomes 1% for all values of asgagits, 1, 2 and 3. Therefore to study the
improvement of bearing capacity with use of reinéat soil an attempt has been made to
carry out model footing tests in the laboratoryeTést results have also been presented at the
end. The tests have been done on soil type Slanmihwithout reinforcements. All the three
aspect ratios (1, 2 and 3) have been considerethéoreinforced soil. The tests have been
carried out on square footings of sizes 5 cm andrOEquipment, program and procedure

of tests have been depicted in this chapter.

4.1 Test Program, Equipment and Test Procedure

4.1.1 Test Program

The test program for eight numbers of model footegls has been presented in Table 4.1.

Table 4.1: Test programme for model footing tests

i , . PET bottle | Aspect| No. of
Footing Size Soil type _ _

strips (%) | Ratio tests

0 -- 2

5cm and 1@m
' S1 1,2 and
(Square footing) 1 3 6
Total No of Tests: 8

4.1.2 Equipment

A typical setup for model footing tests is showntle Figs. 4.1A and B. The equipment

required to fabricate the test setup are discusstus section.
4.1.2.1 Test Tank

In the present study, tank with one side movable used so that the size can be adjusted
according to the size of the model footing in casa particular test. The steel tank was
fabricated with steel plates held at the cornerstbgl angles. The width in the present study

was taken 6 times the width of the footing while thepth was made 4 times the width of
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footing. With these considerations one mm x 600 mm x 600nm steel tank wa
fabricated. There were two wooden partitions widohld be placed within slots so that
tank could be divided into two halves in both directions of tank size. Thus c-fourth of
the tank was used for tests with footing cm size (Fig4.1A) and the whole tank was us
for 10 cm size footing (Figt.1B). The depth of test tank considered 1cm size and 10 cm
size footings were 200 mm and 40 mm respectively. Beyond this depth appropriate e

were placed to use the tank for model footing te

Fig. 4.1A: Set-up for 5 cm model footing tests

Fig. 4.1B: Set-up for 10 cm model footing tests
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4.1.2.2 Loading Frame

Reactionframes were used for loading model footing placedhe surface of soil in tank
shown in schematic diagram of the set up showngr 4.2. The frame has been fabrica
with two steel columns fitted to bottom of tank.h&rizontal sliding steel joi have been
fitted above them butestrained to displace in the vertical direction fmgans of twe
adjustment bolts. This has been done to shiftabdihg position for tests with footings o

cm and 10 cm sizes.

frame
= —
@ Lead

Proving B o o Torew
Steel nng E o
frame —

1 Datum

Dial bar

T alaisanaleleTaTisaatetaseieensiesoene Soil

Fig.4.2: Schematic Arrangement for mo footing tes

4.1.2.3 Proving Ring

The proving ring is a device used to measure fdtceonsists of an elastic ring of know
diameter with a measuring device located in thereesf the ring. The proving ring consit
of two main elements, the ringelf and the dial in the middi&he dial gives indication ¢
the force being applied on to the ring. The provimgs of 5 ton and 10 ton capacities w
used for loading the footings in cases «cm x 5 cm and 1@m x 1( cm footings

respectively
4.1.2.4 Dial Gauges

Two dial gauges of least count 0 mm have been used to measure the settlement
model footing. The settlement at the centre offtlmting was recorded as average of the

dial gauge readings.
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4.1.2.5 Model Footings

Model Footings were made up of 5 mm thick steelgslaThey were made sufficiently stiff
such that they do not get subjected to distresmglloading. Square footings of sizes 5 cm
and 10 cm were used for tests.

4.3 Test Procedure
4.3.1 Preparation of Foundation Bed

The foundation bed was prepared by compaction efuthreinforced or reinforced soil in
appropriate number of layers with proper compact¥Wert, as required for a particular
testing. The compaction was done in layers andettexgy was so applied that energy per
unit volume remained same as for correspondingstiaedard Proctor test. In order to
maintain uniformity in sample preparation, it wassered that samples taken from different
depths after each test, reported more or less mmifowvater content and unconfined

compressive strength with variation of +/-2%.
4.3.2 Application of Load

Load was applied on the model footing by meanssifraw jack gradually in increments and
each load increment was recorded with the helpmfaing ring as shown in Fig 4.2. Each
increment was kept sustained till the settlemeatlirey became more or less constant. The
next incremental load was then applied. The test eamtinued till failure indicated by rapid

change of settlement with no application of loadbypreduction in proving ring dial reading.
4.3.3 Recording of Settlement

The displacement (settlement) of the model footwag measured using dial gauges located
on either side of the centre line of the footing &#me settlement at the centre was obtained as

average of the two dial gauge readings.

Load - settlement curve for each model footing teas plotted with load on x-axis and

observed settlement on y-axis on arithmetic scale.

The load settlement curves for all the tests haenlplotted and shown in Figs.4.3 to 4.10.
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Settlementin mm

0.000 S0.000

Load in kg

100.000 150.000

200.000

250,000

300.000

-1 \\
-15

N\
\

-4.5

Fig.4.3: Load Settlement curve for 5 cm footing on S1 sgk

Settlementin mm

Load in Kg

o S0 100 150 200 250 300 350 400 450 S00

| ~
N\

\

\
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Fig. 4.4: Load Settlement curve for 5 cm footing on (S1 AR
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Settlementin mm

Load in kg

o 100 200 300 400 500 500

Fig.4.5: Load Settlement curve for 5 cm footing on (S1 +2AR

Settlementinmm

Load in Kg

o 50 100 150 200 250 300 350 400

450

AN

_4 \

_5 .

-6 \b

Fig.4.6: Load Settlement curve for 5 cm footing on (S1 +3AR
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Settlementinmm

Load in Kg
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1200
]
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Fig.4.7: Load Settlement curve for 10 cm footing on S1

Settlement in mm

Load in Kg

1000 1500
| I

2000
|

Fig.4.8: Load Settlement curve for 10 cm footing on (S1R1A
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Fig.4.9: Load Settlement curve for 10 cm footing on (S1R2A
Load in Kg
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Fig4.10: Load Settlement curve for 10 cm footing on (S1R3\
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Chapter 5
NUMERICAL INVESTIGATION

5.0 General

In this chapter an attempt has been made to catrguwmerical analysis of the model tests by
finite element method using PLAXIS 3D FOUNADATIOMfsvare. Material nonlinearity
has been considered to model the clay using Mobutetnb failure theory and elasto-plastic

behaviour of clay.
5.1 Finite Element Method

It is an approximate numerical solution techniquevhich continuous system is discretized
into many small and simple pieces called finitevedats. For each element it is necessary to
make an assumption as to how the primary variables) as displacement, are distributed in
terms of geometrical position. Then a set of siamdbus equations are developed for
describing the constitutive or other behavior aflealement in terms of discrete nodal point
values of the primary variable. Each of these eftémes then combined using proper
compatibility relations between them and global gfesimultaneous equations is obtained.
Then the applications of load and boundary condtiare imposed to the global set of
simultaneous equations. These equations are ssiradtaneously or implicitly in a personal
computer. Solutions of these equations provide gpproximate results or prediction of
behavior of the physical system that has been nredd@l short overview of the finite element

is provided below.

At first body to be analyzed is discretized intaiti elements which can be one dimensional,
two dimensional or three dimensional dependinghenltody to be discretized and the need
of the user. Within an element the displacemend fieis obtained from the discrete nodal

values in a vector using interpolation functions assembled in malitix
u=Nv (5.1)

The interpolation functions in matriX are often denoted as shape functions. The
shape function depends entirely on the type ofetheent considered and its geometry. The
relation between strain and displacement fieldaecan be formulated as:

e =Lu (5.2)
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This equation expresses the six strain componastsembled in vectat, as the spatial
derivatives of the three displacement componensserabled in vectou, using the

differential operatoL. Substitution of Eq. (5.1) in the relation (5.} es:
€ = LNv = Bv (5.3)

In this relationB is the strain displacement matrix, which contaimermation of geometry
of the element. The stress vector is then estimfabea the strain vector by multiplying with

constitutive matrix as:
s = D°Bv (5.4)

Finite elements obtained by discretization of aticmum are formulated in general and
systematic way. The stiffness matrix and load wsctd an element can be formulated by
Rayleigh-Ritz or variational principle and Galerkiueighted residual methods. Consequently

the body is reduced into a basic matrix equatiomfas:

[F] = [K][v] (5.5)
F=fp+fs+f, (5.6)

where,fyis the body forcelsis the surface traction force vector dndoncentrated or internal
force vector. The matrix K defines the stiffnesstioé element and its basic form can be

expressed as:-
KszTDe BdV (5.7)

The stiffness matrix is evaluated using any sugahlmerical integration scheme. Once the
element stiffness matrices are formulated theyagseembled into global stiffness matrix to
generate a set of simultaneous equations of altegegf freedom. For 3D analysis the
dimension of the global stiffness matrix3sx3n, n being number of nodes of the model. In

mathematical form, the global simultaneous equatame written as:
F& = K8v8 (5.8)

where K ? = is the global stiffness matrix,

V¥ = is the global displacement vector{w ... UV, }'
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F %= is the global force vector {1k Fu ... FoxFny }T

Once the global displacement vector is evaluatedhindisplacement vector is extracted
separately. Then with the help of equations (5r8) €.4) we can calculate the strain and
stress respectively.

5.1.1 Finite Element Formulation

In the present investigation, the soil has beeaorelized using three dimensional 8 nodded
isoparametric elements. For the 8 nodded isopararedement, each node of the element
has three degrees of freedom, displacements uywi&the three orthogonal directions x, y

and z as shown in Fig. 5.1.

(-1, +1, -1) 4
3 (+1, +1, -1)
(+1, +1, +1)
| :

1(-1,-1,-1) T[T 2 (+1, -1, -1)

(-1,-1,+1) 5

6 (+1, -1, +1)

Fig. 51 Geometry and co-ordinates of 8 noded element

The generalized displacement vector {u} at a poeuthin an element is related to nodal

displacement vector {q} by shape function matriy f$,

u
{u} = {V} = [N]{q} (5.9)

W

where {u} = displacement vector at the point witlain element,

{af = {ug, Vi, Wi, Up, Vo, W e, , Us, Vg, Wa} (5.10)
N, 0 0 N, 0 0 N, 0 O

and[NJ=| 0 N, 0 0 N, O ... 0 N, O (5.11)
O 0N 0 0 N, 0 0 N,

For isoparametric formulation, the element geometrglefined in terms of the same set of

shape functions and the nodal co-ordinates anés dpy
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X
{Ry= 1Y =[NJ{Rn}
z

where {R} = array for co-ordinates of the same paiithin the element,

[N] = shape function matrand

R}"={X1Y1Z4

(5.12)

Xs Yg Zg} = array for nodal co-ordinates

The shape functions of 8 nodded isoparametric elemdocal co-ordinates (s, r, t) as shown

in Fig. (5.1) are taken as

Ny = 1/8 [(1-8) (1-t) (1-1)]
N, = 1/8 [(1+s) (1-t) (1-1)]

Ng = 1/8 [(1-S) (1+t) (1+1)]

The nodal displacements are

5.13 (a)

5.13 (b)

5.13 (c)

5.14 (a)

5.14 (b)

5.14 (c)

The strain vector,d} is expressed in terms of the nodal displacemastgiven below:

ou
0x
v
oy
ow
0z
Ju o0v
—_
dy 0Xx
ov ow
- 4+
dz 0y
ow du
- 4+ -
0x 0z

(5.15)
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where {} = strain vector,

[B] = strain displacement transformation matrix sisting of derivatives of shape function

i.e.
[B] =[B] [B] -.......... [Bg]
oN, 0
ax
and [B] = o o N
N, 9N,
dy ox
o NN
0z
Ny N
L 0z

The stress-strain relationship for elastic matesiaixpressed as,

{c}=[Dd {&}

where,

{o} =

and [] = elasticity matrix

1 U U
1-v 1-vu
1
1-v
E(1-0)
(1+0v) (1-20)

where E = modulus of elasticity,being the Poisson’s ratio

(5.16)

(5.17)

(5.18)

(5.19)

The shape functions used for describing the gegmatrthe element and displacement

variation are expressed in terms of local co-oté®ds, t, r) and it is required to determine
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the derivatives of the functions with respect tobgll coordinates (X, y, z). From chain rule of

differentiation the relationship between two coipate systems is given below:

oN, N,
ox os
N, | =J" |aN, (5.20)
oy or
ON, oN;
3 ot

where [J] = Jacobian Matrix (5.21)

NMEEETIE
XSRS
&

and [J]" is the inverse of Jacobian Matrix

The variational function for the displacement meth® given by the potential energl, of

the system and it can be expressed as:
M = [, dv(u,v,w)dv— [ (xu+yv+zw)dv

I'Ipzj'dv(u,v, w) dv-j (xu+yv+zw)dv (5.22)

where, dv (u, v, w) = strain energy per unit volum
X,y, z = components of body forces

v = volume of element

For a linearly elastic isotropic material behaviour

dv =%} {c} dv (5.23)
0 np:j ¥ {e} " [Dd {€} dv-j {ur " {F} dv (5.24)
= %{a)"(B]" [DJ [B] {q} dv- [ {q}"[N]" {F}dv (5.25)

where {F} ={x, vy, z}"

Now for static equilibrium of a system, conditiohrsinimum potential energy is to apply for
which
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=0 5.26

ofa} o

Now aa(?qi) =] B Dd Bl g dv- [ NI {Fpav=0 (5.27)
or | [B]"[DJ [Bl {a}dv= [ NI {F}dv (5.28)

The above equation may be represented by
[K]{a} = {Q}

Where, [K]=[ [B]" [Dd [B] dv [5.29 (a)]

= stiffness matrix

And, {Q}=[ [N]"{F}dv [5.29 (b)]

= Equivalent nodal vector
In global relationship the stiffness matrix [K] ftire entire system is given by
[KI {3} ={F¢ (5.30)
where, [K] = global stiffness matrix
{8} = global nodal displacement
{F¢ = global nodal force vector

The global stiffness matrix has been obtained bgirep appropriately for the individual

contributions from elements which are common toden
5.1.2 Material Nonlinearity

At higher stress level, the stress-strain charetierof clay becomes nonlinear. Therefore,
clay has been idealised as an elastic-perfecthtiplenaterial satisfying Mohr-Coulomb vyield

criterion. Mohr-Coulomb model requires a total ofef parameters, which are generally
familiar to most geotechnical engineers and whiah be obtained from basic tests on clay

samples. These parameters with their standard armgtésted below.
E = Young’s modulus (kN/A); v = Poisson’s ratioy = Dilatancy angle; ¢ = cohesion;

@ = Friction angle.
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It is quite generally postulated as an experimefaizti that yielding can occur only if

stresss satisfies the general yield criterion:
Fo,Ky=0 (5.31)
Where, K = hardening parameter and F is the yield function.

For isotropic cases the yield surface is convehjeskpressed in terms of the three

stress invariants, i.e.,

om= Pure hydrostatic stress #3F (oxtoyto;) /3 (5.32)
However, in this formulatios, =0, under plane strain condition

o= (J2)1/2: [1/2(S<2+S),2+SZZ) +szy+'f2yz+Tzzx] 112 (5.33)

A potential surface is defined by Q = & Ky) which defines the plastic strain increme@pd

as
dep =A3Q/c (5.34)
where, A={OF/3c} "[Del{d €}/ 5F/5c} '[Del{ 5Q/5c}+A (5.35)

The particular case of Q = F is known as associali&sticity, otherwise the plasticity follows

non associated flow rule. The elasto plastic mdDiy] is derived as
[B] = [De-[D{ 6Q/cH SF/5a} "IDx [A+{ 8F/56} "[D){ 6Q/S0] ™ (5.36)

For ideal plasticity with no hardening, A becomesia to zero. The stress increment vector

{Ac} is related to strain increment vectokd} as
{Ac} = [Deg { A€} (5.37)
5.2 Modelling by PLAXIS 3D

PLAXIS 3D is a finite element package intended three-dimensional analysis of
deformation and stability in geotechnical enginegrilt is equipped with features to deal
with various aspects of complex geotechnical stimest and construction processes using
robust and theoretically sound computational prooesl With PLAXIS 3D, complex
geometry of soil and structures can be definedwio tlifferent modes. These modes are
specifically defined for Soil or Structural modstl. Independent solid models can
automatically be intersected and meshed. The stagestructions mode enables a realistic
simulation of construction and excavation procedsgsactivating and deactivating soil
volume clusters and structural objects, applicatibloads, changing of water tables, etc. The
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output consists of a full suite of visualizatiorol® to check details of the complex inner
structure of a full 3D underground soil-structuredal. PLAXIS 3D is a user friendly 3D
geotechnical program offering flexible and intengide geometry, realistic simulation of
construction stages, a robust and reliable caloma&ernel, and comprehensive and detailed

post-processing, making it a complete solutiorgiwtechnical design and analysis.

Numerical analysis was carried out by PLAXIS 3D Raation geotechnical finite element
package which is specifically preferred for advahanalysis for piles and pile-raft
foundations. In the following paragraphs a shortaw of this program is given.

PLAXIS 3D Foundation program consists of four basiomponents, namely Input,
Calculation, Output and Curves. In the Input pragrthe boundary conditions, problem
geometry with appropriate material properties agfingéd. The problem geometry is the
representation of a real three-dimensional probéemd it is defined by work-planes and
boreholes. The model includes an idealized soiilprastructural objects, construction stages
and loading. The model should be large enough abtkle boundaries do not influence the
results. Boreholes are points in the geometry muusl define the idealized solil layers and
the groundwater table at that point. Multiple barlels are used to define the variable soil
profile of the project. During 3D mesh generatiail $ayers are interpolated between the
boreholes so that the boundaries between theaga@td coincide with the boundaries of the
elements. Work planes are horizontal planes witferdint y-coordinates that show the top
view of the model geometry. They were used to diastivate and deactivate the structural
elements and loads. Each work-plane holds the ggumetry lines but vertical distance
between them may vary. Within work-planes, poihit&s and clusters are used to describe a

2D geometry mode

After creating the 2D geometry model in a work-gla2D was automatically generated
based on the composition of the clusters and lim&D geometry model. However, the 3D
finite element mesh was the extension of 2D mesb ihe third dimension and it was

generated after generating 2D mesh. The 2D meskra@on in the program is fully

automatic while 3D mesh generation is semi autamdesh dimensions should be
appropriately defined, to prevent the effects olimary conditions. The 2D mesh was
constructed before proceeding to the 3D mesh exten3he mesh element size can be
adjusted by using a general mesh size varying frem coarse to very fine and also by using
line, cluster and point refinements. Very fines hemsswas avoided in order to reduce the

number of elements, thus to reduce the memory copson and calculation time. The
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program does not allow entering a new structuheint or a new soil cluster after the mesh
is generated. If a new element or cluster is addd¢de geometry model, the mesh generation
has to be repeated with the new input. 3D finitemednt mesh is composed of elements,
nodes and stress points. During a finite elemealyars, displacement values are calculated
at the nodes and a specific node can be selecfecklmlculation steps in order to generate
the load displacement curves. On the contrarysstieand strains are calculated at individual
stress points (Gaussian integration points) ratteem at the nodes. However, stress and strain
values at stress points are extrapolated to thesfud the output purposes. At the bottom of
the 3D finite element mesh, total fixities were digbat restrain the movements in both
horizontal and vertical directions. For upper p8i, finite element mesh had no fixities.
Besides, for right and left sides, roller suppontsre used in order to restrain only the
horizontal movements and vertical displacement&wedt free.

After defining the model geometry and 3D mesh gatiam, initial stresses are applied by
using either lg-procedure or gravity loading. The calculation gaare can be performed
automatically or manually. The initial stresseshie soil are affected by the weight of the soil
and history of the soil formation. Stress statecharacterized by vertical and horizontal
stresses. Initial vertical stress depends on thghwvef the soil and pore pressures; whereas
initial horizontal stresses are related to theivartstresses by the coefficient of lateral earth

pressure at rest. This relation is provided bykhg@rocedure in this study.

In this analysis the effect of ground water taldenot taken into account. If it would have
been taken into account then the initial stresslavbave been calculated by effective stress

consideration as this is not so here is would beedy the total stress consideration only.
onh = Kooy (5.38)
where K = (1- sinp) (5.39)

The construction stages are defined by activatingeactivating the structural elements or
soil clusters in the work-planes and a simulatibthe construction process can be achieved.
A construction period can also be specified forhee@nstruction stage but the soil material
model should be selected as “MOHR COLUMB MODEL".

The mechanical behavior of soils may be modeledaabus degrees of accuracy. Hooke's
law of linear, isotropic elasticity, for exampleagbe thought of as the simplest available
stress-strain relationship. As it involves only timput parameters, i.e. Young's modulbs,

and Poisson's rati@, it is generally too crude to capture essentiatuiees of soil and rock
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behavior. For modeling massive structural elememd bedrock layers, however, linear
elasticity tends to be appropriate. The most ingrtcalculation type in PLAXIS 3D
Foundation is the staged construction. In everguation step, the material properties,
geometry of the model, loading condition and theugd water level can be redefined.
During the calculations in each construction stapmultiplier that controls the staged
construction proces&i/ stage) is increased from zero to the ultimatell¢vat is generally

1.0. The constructions that are not completed ftally be modeled by using this feature.

5.3 Numerical Analysis

An attempt has been made to carry out numericdysisaf the model tests by finite element
method using PLAXIS 3D FOUNADATION software. A tbtaf 78 cases have been carried

out. The properties of soil as used in the numksitaly have been given ifable 5.1.

Table 5.1 Values of various parameters for numerical anslys

~ | Optimum| Maximum Angle
Percentage of Aspect| Footing ) )
, , , Moisture Dry Cohesion  of
Sl. | Soil | Reinforcement Ratio | Width _ o
Content| Density friction
No.| type
P AR B omMC MDD c [0)
(%) (cm) (%) (gm/cc) | (kg/ent) | (degree
1 5 19 1.65 0.9 7
S1 0 0
2 10 19 1.65 0.9 7
3 5 17.8 1.68 1.05 9
S1 0.5
4 10 17.8 1.68 1.05 9
5 5 17.48 1.7 1.2 11
S1 1
6 . 10 17.48 1.7 1.2 11
7 5 18 1.67 1 8
S1 15
8 10 18 1.67 1 8
9 5 18.44 1.65 0.9 6
S1 2
10 10 18.44 1.65 0.9 6
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Table 5.1: Values of various parameters for numerical analystontd.

Percentage of Aspect| Footing Opt.lmum Maximum . Angle
_ : . . Moisture Dry Cohesionn  of
Sl. | Soil | Reinforcement Ratio | Width . -
No. | tvpe Content| Density friction
P P, e | B | oMC | wmDD c 0
(%) (cm) (%) (gm/cc) | (kglent) | (degree
11 5 17.6 1.7 1.15 9
S1 0.5
12 10 17.6 1.7 1.15 9
13 s1 1 5 17.4 1.71 1.35 12
14 5 10 17.4 1.71 1.35 12
15 s1 15 5 18.15 1.66 1 8
16 10 18.15 1.66 1 8
17 s1 2 5 19.2 1.64 0.9 6
18 10 19.2 1.64 0.9 6
19 s1 05 5 18.15 1.67 11 10
20 10 18.15 1.67 1.1 10
21 s1 1 5 18.5 1.65 1 13
22 3 10 185 1.65 1 13
23 5 194 1.62 0.6 9
S1 15
24 10 194 1.62 0.6 9
25 s1 ) 5 19.8 1.58 0.5 7
26 10 19.8 1.58 0.5 7
27 5 18 1.72 11 10
S2 0 0
28 10 18 1.72 1.1 10
29 5 16.9 1.7 1.3 11
S2 0.5
30 10 16.9 1.7 1.3 11
31 52 1 5 15.85 1.72 1.48 13
32 1 10 15.85 1.72 1.45 13
33 5 17.5 1.67 1.18 9
S2 15
34 10 175 1.67 1.18 9
35 5 19.6 1.65 0.98 7
S2 2
36 10 19.6 1.65 0.98 7
37 5 16.5 1.71 1.3 12
S2 0.5
38 10 16.5 1.71 1.3 12
39 $2 L 5 15.53 1.74 1.45 13
40 5 10 15.53 1.74 1.48 13
41 5 18.5 1.64 0.95 7
S2 15
42 10 185 1.64 0.95 7
43 5 19.2 1.61 0.76 6
S2 2
44 10 19.2 1.61 0.76 6
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Table 5.1: Values of various parameters for numerical analystontd.

Percentage of Aspect| Footing Opt.lmum Maximum . Angle
_ : . . Moisture Dry Cohesionn  of
Sl. | Soil | Reinforcement Ratio | Width . .
No. | tvpe Content| Density friction
P P, e | B | oMC | wmDD c 0
(%) (cm) (%) (gm/cc) | (kglent) | (degree
45 5 17 1.71 1.45 12
S2 0.5
46 10 17 1.71 1.45 12
47 52 1 5 18.24 1.68 1.25 14
48 3 10 18.24 1.68 1.25 14
49 5 195 1.63 0.8 9
S2 15
50 10 19.5 1.63 0.8 9
51 5 20.2 1.6 0.65 7
S2 2
52 10 20.2 1.6 0.65 7
53 5 154 1.8 1.2 12
S3 0 0
54 10 154 1.8 1.2 12
55 5 15.2 1.75 1.35 13
S3 0.5
56 10 15.2 1.75 1.35 13
57 s3 1 5 14.85 1.76 1.55 15
58 L 10 14.85 1.76 1.55 15
59 5 16.5 1.68 1.2 11
S3 15
60 10 16.5 1.68 1.2 11
61 5 19.6 1.65 1 8
S3 2
62 10 19.6 1.65 1 8
63 5 15.1 1.75 14 14
S3 0.5
64 10 15.1 1.75 14 14
65 53 1 5 14.73 1.77 15 16
66 5 10 14.73 1.77 15 16
67 5 17 1.67 1.15 9
S3 15
68 10 17 1.67 1.15 9
69 53 5 5 19.65 1.63 0.88 7
70 10 19.65 1.63 0.88 7
71 5 15 1.76 1.48 14
S3 0.5
72 10 15 1.76 1.48 14
73 s3 L 5 16.84 1.71 1.33 17
74 3 10 16.84 1.71 1.33 17
75 5 18.50 1.66 0.95 11
S3 15
76 10 18.50 1.66 0.95 11
77 5 20.5 1.62 0.75 9
S3 2
78 10 20.5 1.62 0.75 9

5.4

Presentation of Numerical Results
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The load-settlement curve for each case has besemted irfFigs. 5.2 to 5.2from the
output of PLAXIS 3D FOUNDATION software.

Settlement (mm)

Load (kg)
0 100 200 300 400 500
0w
5
10
15
20

N
(63}

30 -

——S1
—u—S2

S3

Fig. 5.2: Load - settlement curve for 5 cm x 5 cm footingumineinforced soil
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Fig. 5.3: Load - settlement curve for 5 cm x 5 cm footingSin(R = 0.5%)
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Fig. 5.4: Load - settlement curve for 5 cm x 5 cm footingSh(R = 0.5%)
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Fig. 5.5: Load - settlement curve for 5 cm x 5 cm footingS$(R = 0.5%)
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Fig. 5.6: Load - settlement curve for 5 cm x 5 cm footingSIn(R = 1%)
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Fig. 5.7:Load - settlement curve for 5 cm x 5 cm footingSth(R = 1%)
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Fig. 5.8: Load - settlement curve for 5 cm x 5 cm footingSh(R = 1%)
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Fig. 5.9: Load - settlement curve for 5 cm x 5 cm footingSIn(R = 1.5%)
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Fig. 5.10:Load - settlement curve for 5 cm x 5 cm footingSI(R = 1.5%)
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Fig. 5.11:Load - settlement curve for 5 cm x 5 cm footingS(R = 1.5%)
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Fig. 5.12:Load - settlement curve for 5 cm x 5 cm footing3In(R = 2%)
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Fig. 5.13:Load - settlement curve for 5 cm x 5 cm footingSh(R = 2%)
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Fig. 5.14:Load - settlement curve for 5 cm x 5 cm footingS$(R = 2%)
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Fig. 5.15:Load - settlement curve for 10 cm x 10 cm footamgunreinforced soil
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Fig. 5.16:Load - settlement curve for 10 cm x 10 cm footimgS1 (P= 0.5%)
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Fig. 5.17:Load - settlement curve for 10 cm x 10 cm footmgS2 (P= 0.5%)
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Fig. 5.18:Load - settlement curve for 10 cm x 10 cm footimgS3 (P= 0.5%)

S1 (P = 1%)

Load (in kg)
0 500 1000 1500 2000
0Om . .
-—AR=1
S - —+—AR=2
AR=3
g 10 +
£
2 15 -
(D)
5
= 20 -
(D)
n
25 -
30 -

Fig. 5.19:Load - settlement curve for 10 cm x 10 cm footmgS1 (P= 1%)
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Fig. 5.20:Load - settlement curve for 10 cm x 10 cm footimgS2 (P= 1%)
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Fig. 5.21:Load - settlement curve for 10 cm x 10 cm footmgS3 (P= 1%)
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Fig. 5.22:Load - settlement curve for 10 cm x 10 cm footimgS1 (P= 1.5%)
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Fig. 5.23:Load - settlement curve for 10 cm x 10 cm footmgS2 (P= 1.5%)
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Fig. 5.24:Load - settlement curve for 10 cm x 10 cm footingS3 (P= 1.5%)
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Fig. 5.26:Load - settlement curve for 10 cm x 10 cm footimgS2 (P= 2%)
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Fig. 5.27:Load - settlement curve for 10 cm x 10 cm footmgS3 (P= 2%)
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Chapter 6

DISCUSSION ON RESULTS OF EXPERIMENTAL AND NUMERICAL STUDIES
6.0 General

Based on the results obtained from experimentadstigation and numerical analysis an
attempt has been made in this chapter to studgffeet of PET bottle strip reinforcements

on ultimate bearing capacity of footings.
6.1 Load - Settlement Curves

Load - settlement curves for footings of sizes 5x&cm and 10 cm x 10 cm as obtained
from experiments and output of PLAXIS 3D softwasvé been presented earlier in Chapter
4 (Figs. 4.3 to 4.10) and Chapter Bigé. 5.2 to 5.27)xespectively.lt is observed that
experimentally and numerically obtained curvesdiwllcontinuously curvilinear trend and
hence the ultimate loads have been obtained fra@asetltcurves by double tangent method.
From the curves, it can be seen that for both ©ifése footings, ultimate load carried by soil
reinforced with PET bottle strips is maximum forigtcontent of 1% and aspect ratio 2,
compared to that of all other mixes, both for ekxpental and numerical cases. Table 6.1
presents the experimental and numerical valuesltohate bearing capacities for square
footings of sizes 5 cm and 10 cm. The values wéd&eky and 1740 kg for 5 cm and 10 cm
square footings respectively as obtained for 1%p stontent and aspect ratio 2 from
experiments. On the other hand 395 kg and 1605&kg the respective values for 5 cm and
10 cm square footings as obtained from numericalyars. Although values for aspect ratio
1 and 3 were lower than the corresponding valueafpect ratio 2, they were higher
compared to the corresponding values for respectinreinforced soil type. It can also be
seen that the initial nature of load-settlementvesrobtained from experimental and
numerical data agree within reasonable range a@étvan. Further, it can be observed that the
experimental values obtained are higher than thaboesponding numerical value. On an
average they vary by 12.72% and 9.29% for 5 cmlfnhdm footing size respectively.
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Table 6.1Ultimate Load from Experimental and Numerical Arsad (for 1% strip content)

, % variation of
, Ultimate Load .
Sl. Size of Aspect (kg) experimental from
No Footing Ratio d numerical results
Experimental| Numerical (%)
1 0 225 205 9.76
2 1 379 332 14.16
5cm
3 2 442 395 11.90
4 3 351 305 15.08
5 0 930 840 10.71
6 1 1460 1370 6.57
10 cm
7 2 1740 1610 8.07
8 3 1420 1270 11.81

PLAXIS 3D has been used as a tool for determinittighate bearing capacities for all soil

types, mixes and two footing sizes of 5 cm and rhObecause for 8 experimental cases the
values of ultimate bearing capacity matches witt tf corresponding numerical cases. Thus
for total 78 numerical cases considered for the enigal study, as mentioned in Chapter 5,
the ultimate bearing capacities obtained from Isatflement curves presented in Chapter 5

are furnished in Table 6.2.

Table 6.2: Ultimate bearing capacities obtained from numéacalysis

_ Percentage of Aspect| Footing Ultimate bearing

st No. | SO | reinforcement| ratio | width capacity
type P (%) AR | B (cm) q (kg/crh)

1 s1 0 0 5 8273
2 S1 0 0 10 8.275
3 S1 0.5 1 5 10.652
4 S1 0.5 1 10 10.702
5 S1 1 1 5 13.518
6 S1 1 1 10 13.584
7 S1 15 1 5 9.695
8 S1 15 1 10 9.708
9 S1 2 1 5 7.913
10 S1 2 1 10 7.875
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| Percentage of Aspect| Footing Ultimate bearing
sl No. | SO | reinforcement| ratio | width capacity

Pe T (%) AR | B(cm) q (kg/c)
11 Sl 0.5 2 5 11.643
12 S1 0.5 2 10 11.655
13 S1 1 2 5 16.064
14 S1 1 2 10 16.194
15 S1 15 2 5 9.744
16 S1 1.5 2 10 9.637
17 Sl 2 2 5 7.816
18 S1 2 2 10 7.875
19 S1 0.5 3 5 11.784
20 S1 0.5 3 10 11.744
21 Sl 1 3 5 12.597
22 S1 1 3 10 12.565
23 S1 1.5 3 5 6.087
24 S1 1.5 3 10 6.085
25 S1 2 3 5 4.587
26 S1 2 3 10 4.586
27 S2 0 0 5 11.74
28 S2 0 0 10 11.745
29 S2 0.5 1 5 14.628
30 S2 0.5 1 10 14.678
31 S2 1 1 5 18.565
32 S2 1 1 10 18.134
33 S2 1.5 1 5 11.996
34 S2 1.5 1 10 11.975
35 S2 2 1 5 9.053
36 S2 2 1 10 9.083
37 S2 0.5 2 5 15.507
38 S2 0.5 2 10 15.508
39 S2 1 2 5 18.263
40 S2 1 2 10 18.615
41 S2 15 2 5 8.707
42 S2 1.5 2 10 8.694
43 S2 2 2 5 6.618
44 S2 2 2 10 6.691
45 S2 0.5 3 5 17.288
46 S2 0.5 3 10 17.288
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| Percentage of Aspect| Footing Ultimate bearing
sl No. | SO | reinforcement| ratio | width capacity
Pe T (%) AR | B(cm) q (kg/c)
47 S2 1 3 5 16.581
48 S2 1 3 10 16.656
49 S2 1.5 3 5 8.115
50 S2 1.5 3 10 8.119
51 S2 2 3 5 5.952
52 S2 2 3 10 5.965
53 S3 0 0 5 14.267
54 S3 0 0 10 14.257
55 S3 0.5 1 5 17.021
56 S3 0.5 1 10 17.011
57 S3 1 1 5 21.843
58 S3 1 1 10 21.771
59 S3 1.5 1 5 13.558
60 S3 1.5 1 10 13.522
61 S3 2 1 5 9.725
62 S3 2 1 10 9.742
63 S3 0.5 2 5 18.639
64 S3 0.5 2 10 18.578
65 S3 1 2 5 22.242
66 S3 1 2 10 22.261
67 S3 15 2 5 11.665
68 S3 15 2 10 11.656
69 S3 2 2 5 8.13
70 S3 2 2 10 8.124
71 S3 0.5 3 5 19.631
72 S3 0.5 3 10 19.659
73 S3 1 3 5 20.95
74 S3 1 3 10 20.964
75 S3 1.5 3 5 10.822
76 S3 15 3 10 10.696
77 S3 2 3 5 7.716
78 S3 2 3 10 7.642
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6.2 Effect of ultimate bearing capacity on aspecttio and fibre content

In order to study the effect of PET bottle stripnfercement on ultimate bearing capacity,
ultimate bearing capacity vs. aspect ratio gravebeen plotted for different strip contents
as shown in Figs. 6.1, 6.2 and 6.3 for three dffiesoil types S1, S2 and S3 respectively.

6.2.1 Aspect Ratio

The effect of aspect ratio on ultimate bearing capaf the footings was studied by varying
the strip content in the soil mix. Tests were earout for unreinforced soil and reinforced
soil with PET bottle strips having aspect ratios1of2 and 3. The results suggested an
increase in bearing capacity with increase in as@io up to the value of 2. Thereafter, the
bearing capacities were found to decrease. Thétsesfutests conducted on footing sizes of 5
cm and 10 cm were in accordance with the abovedsta¢nd. Thus, the maximum bearing
capacities of the soils S1, S2 and S3 were recdategspect ratio of 2 corresponding to 10

cm footing size.
6.2.2 Fibre Content

The bearing capacity of soil calculated for botkesai.e. for widths of square footings 5 cm
and 10 cm was found to increase initially with therease in fibre content. The tests were
conducted for fibre contents of 0.5%, 1%, 1.5% &86 with the optimum value being
achieved corresponding to 1% fibre content. Forefibontent greater than 1% the bearing
capacities were found to decrease subsequentlg.vEhniation was same for all three types of
soils S1, S2 and S3. The ultimate bearing capadtiesoil types S1, S2 and S3 for aspect
ratio of 2 and fibre content of 1% were found tollfe064 kg/crfy 18.263 kg/crhand 22.242
kg/cnf for width corresponding to 5 cm and 16.194 kdicttB.134 kg/crhand 22.261

kg/cnt for width corresponding to 10 cm respectively.
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Fig. 6.1:Variation of bearing capacity with aspect ratioarious fibre content for soil S1
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Fig. 6.2: Variation of bearing capacity with aspect ratioarious fibre content for soil S2
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Fig. 6.3: Variation of bearing capacity with aspect ratiovarious fibre content for soil S3

6.3 Comparison of Ultimate Bearing Capacity from Srall Scale Model Footing Tests
with That from PLAXIS 3D Analysis, Terzaghi’'s Analysis and IS Code Method (IS
6403-1984)

Ultimate loads as per Terzaghi and IS code methectk vestimated using the values of
parameters obtained from the material testing fiémint soils and mixes. A comparison of
ultimate loads from various analyses were madenttertstand the resemblance of results of
model footing tests, numerical analysis and Tergagind IS Code methods as shown in
Figs. 6.4a and 6.4b for footing sizes of 5 cm addrh respectively. From the graphs, it can
be seen that the ultimate bearing capacity inceeasth the inclusion of PET bottle strips
and this increase has been found to be maximunsct ratio of 2, beyond which a
decrease in ultimate bearing capacity can been 3éenexperimental and numerical results
have shown similar pattern as also found in casdassical theories. It has been found that
for both footing sizes, the values obtained from fiboting tests lie just below the results of
Terzaghi’s analysis and above those of IS code odeimd PLAXIS 3D numerical analysis.
The variation of experimental result with respeciTerzaghi’s analysis, IS code method and
PLAXIS 3D numerical analysis was found to be -6.64%09% and +11.01% on an average
respectively. The results of PLAXIS 3D analysis eveyund in close proximity with those of

IS code method with a variation of only +1.70%. $huis seen that the results of IS code
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method and Numerical analysis lie within admissibtgts. This is probably due to the fe
that IS code method is more rational than Terzagmiethod and both e methods consid

plastic failure. However, the experimental resutigerestimate the numerical val

reasonably.
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Fig. 6.4a:Variation of Ultimate loads with aspect ratio farious analyst
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Fig. 6.4b:Variation of Ultimate load with aspect rafor various analyst
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6.4 Statistical Modelling

From the results found from numerical analysis, adi@empt has been made to obtain a
statistical model by performing regression analysisthat bearing capacity (q) can be
predicted in terms of optimum moisture content (OM@aximum dry density (MDD),
percentage of reinforcement,)Paspect ratio (AR), cohesion (c), angle of foati(@ and
footing width (B). The ultimate bearing capacities various soil mixes and footing sizes
were obtained from numerical analysis using PLARIS software. The values of different

parameters for the statistical modelling are givetie Table 6.3.

Table 6.3Values of various parameters for regression arslysi

.| Optimum| Maximum Angle | Ultimate
Percentage of Aspect| Footing . . .
_ . . . moisture dry Cohesionn  of bearing
SI. | Soil | reinforcement ratio | width . . .
content | density friction | capacity
No.| type
P AR B OoMC MDD c [0) q
(%) (cm) (%) (gm/cc) | (kg/ent) | (degree) (kg/cnt)
1 5 19 1.65 0.9 7 8.273
S1 0 0
2 10 19 1.65 0.9 7 8.275
3 5 17.8 1.68 1.05 9 10.657
S1 0.5
4 10 17.8 1.68 1.05 9 10.702
5 51 1 5 17.48 1.7 1.2 11 13.518
6 1 10 17.48 1.7 1.2 11 13.584
7 5 18 1.67 1 8 9.695
S1 15
8 10 18 1.67 1 8 9.708
9 51 5 5 18.44 1.65 0.9 6 7.913
10 10 18.44 1.65 0.9 6 7.875
11 5 17.6 1.7 1.15 9 11.643
S1 0.5 i
12 10 17.6 1.7 1.15 9 11.655
13 51 1 5 17.4 1.71 1.35 12 16.064
14 5 10 17.4 1.71 1.35 12 16.194
15 5 18.15 1.66 1 8 9.744
S1 15
16 10 18.15 1.66 1 8 9.637
17 s1 2 5 19.2 1.64 0.9 6 7.816
18 10 19.2 1.64 0.9 6 7.875
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Percentage of Aspect| Footing Opt.lmum Maximum . |Angle of UItlmgte
. . . . moisture dry Cohesion , .~. bearing
Sl. | Soil | reinforcement ratio | width . friction :
No.| type content | density capacity
' P AR B OoMC MDD c [0) q
(%) (cm) (%) (gmicc) | (kg/ent) | (degree) (kg/cnt)
19 s1 0.5 5 18.15 1.67 11 10 11.784
20 ' 10 18.15 1.67 11 10 11.744
21 51 1 5 18.5 1.65 1 13 12.597
22 3 10 18.5 1.65 1 13 12.565
23 5 19.4 1.62 0.6 9 6.087
S1 15
24 10 19.4 1.62 0.6 9 6.085
25 51 2 5 19.8 1.58 0.5 7 4.587
26 10 19.8 1.58 0.5 7 4.586
27 5 18 1.72 1.1 10 11.74(
S2 0 0 _
28 10 18 1.72 11 10 11.745
29 5 16.9 1.7 1.3 11 14.62¢
S2 0.5
30 10 16.9 1.7 1.3 11 14.678
31 52 1 5 15.85 1.72 1.48 13 18.565
32 1 10 15.85 1.72 1.48 13 18.134
33 S2 15 5 17.5 1.67 1.18 9 11.996
34 ' 10 17.5 1.67 1.18 9 11.97p
35 52 2 5 19.6 1.65 0.98 7 9.053
36 10 19.6 1.65 0.98 7 9.083
37 5 16.5 1.71 1.3 12 15.507
S2 0.5
38 10 16.5 1.71 1.3 12 15.508
39 52 1 5 15.53 1.74 1.45 13 18.263
40 5 10 15.53 1.74 1.45 13 18.615
41 52 15 5 18.5 1.64 0.95 7 8.707
42 ' 10 18.5 1.64 0.95 7 8.694
43 S92 2 5 19.2 1.61 0.76 6 6.618
44 10 19.2 1.61 0.76 6 6.691
45 52 05 5 17 1.71 1.45 12 17.288
46 ' 10 17 1.71 1.45 12 17.288
47 52 1 5 18.24 1.68 1.25 14 16.581
48 3 10 18.24 1.68 1.25 14 16.656
49 5 19.5 1.63 0.8 9 8.115
S2 15
50 10 19.5 1.63 0.8 9 8.119
51 52 5 5 20.2 1.6 0.65 7 5.952
52 10 20.2 1.6 0.65 7 5.965
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Percentage of Aspect| Footing Opt.lmum Maximum . |Angle of UItlmgte
. . . . moisture dry Cohesion , .~. bearing
Sl. | Soil | reinforcement ratio | width . friction :
No.| type content | density capacity
' P AR B OoMC MDD c [0) q
(%) (cm) (%) (gmicc) | (kg/ent) | (degree) (kg/cnt)
53 5 15.4 1.8 1.2 12 14.267
S3 0 0
54 10 15.4 1.8 1.2 12 14.257
55 s3 05 5 15.2 1.75 1.35 13 17.021
56 ' 10 15.2 1.75 1.35 13 17.011
57 s3 1 5 14.85 1.76 1.55 15 21.8438
58 1 10 14.85 1.76 1.55 15 21.771
59 s3 15 5 16.5 1.68 1.2 11 13.558
60 ' 10 16.5 1.68 1.2 11 13.52p
61 s3 5 5 19.6 1.65 1 8 9.725
62 10 19.6 1.65 1 8 9.742
63 s3 05 5 15.1 1.75 14 14 18.639
64 ' 10 15.1 1.75 14 14 18.578
65 S3 1 5 14.73 1.77 15 16 22.242
66 2 10 14.73 1.77 15 16 22.261
67 5 17 1.67 1.15 9 11.664
S3 15
68 10 17 1.67 1.15 9 11.656
69 s3 2 5 19.65 1.63 0.88 7 8.130
70 10 19.65 1.63 0.88 7 8.124
71 5 15 1.76 1.48 14 19.631
S3 0.5
72 10 15 1.76 1.48 14 19.65p
73 s3 1 5 16.84 1.71 1.33 17 20.950
74 3 10 16.84 1.71 1.33 17 20.964
75 s3 15 5 18.50 1.66 0.95 11 10.822
76 ' 10 18.50 1.66 0.95 11 10.696
77 s3 2 5 20.5 1.62 0.75 9 7.716
78 10 20.5 1.62 0.75 9 7.6472

The 78 sets of data have been used for regressiayseés as illustrated in the following

section.

6.4.1 Regression Analysis

Multiple linear regression has been done using d&icft Excel, with ultimate bearing
capacity (q) as response and optimum moisture nor{teMC), maximum dry density

(MDD), percentage of reinforcement; Paspect ratio (AR), cohesion (c), angle of foati

(p) and footing width (B) as predictors. From theues of parameters furnished in Table 6.3,

153



the values from serial nos. 1 to 52 have been tesebtain the required equation 6.1 with R
value of 0.9948.

q = 8.0721+ 0.2371*(P— 0.0161*(AR) + 0.0019*(B) — 0.1273*(OMC)
— 7.4888*(MDD) + 11.2183*(c) + 0.6343F ... (6.1)

The testing of the above equation has been dortethat help of the values of serial nos. 53
to 78 given in Table 6.3 and variations of resslioatained are given in Table 6.4 below. It
can be seen that the variation of results obtain@u the above equation and numerical

analysis are well within 9.519%.

Table 6.4:Validation of the regression equation

. g (from g (from Percentage
Sl | Soil | P AR B | OMC | MDD ¢ ¢ PLAXIS |Regression variation in
No. | type | (%) (cm) (%) |(gm/cc)(kg/cnT)|(degree) analysis)| analysis) | results

(kglent) | (kglent) (%)

53 S3 0 0 5 154 1.8 1.2 12 14.267 13.715 3.870
54 S3 0 0 10 15.4 1.8 1.2 12 14.257 13.7p4 3.736
55 S3 0.5 1 5 15.2 1.7% 1.3% 13 17.0p1 16.534 2.859
56 S3 | 05 1 190 15.2 1.7% 1.35 13 17.011 16.544 62.74
57 S3 1 5| 14.8% 1.76 1.5% 15 21.843 20.135 7.820
58 S3 1 1 10 14.8% 1.76 1.5% 15 21.7)71 20.144 7.472
59 S3 15 1 5 16.5 1.68 1.2 11 13.568 14.179 -4.579
60 S3 15 1 10 16.5 1.68 1.2 11 13.5p2 14.188 4.92
61 S3 2 1 5 19.6 1.65 1 8 9.72b 9.9811 -2.630
62 S3 2 1 10 19.6 1.65 1 8 9.74p 9.990 -2.549
63 S3 | 05 2 5 15.1 1.7% 1.4 14 18.639 17.726 4.898
64 S3 0.5 2 10 15.1 1.7% 14 14 18.5[/8 17.736 4.534
65 S3 2 5| 14.73 1.77 1.5 16 22.242 20.132 9.485
66 S3 2 10 1473 1.77 1.5 16 22.261 20.142 9.519
67 S3 15 2 5 17 1.67 1.15 9 11.665 12.344 -5.824
68 S3 15 2 10 17 1.67 1.1% 9 11.656 12.364 -5.987
69 S3 2 2 5| 19.6% 1.63 0.88 7 8.130 8.128 0.029
70 S3 2 2 10 1965 1.63 0.83 7 8.124 8.137 -0.161
71 S3 0.5 3 5 15 1.76 1.48 14 19.631 18.545 5.530
72 S3 0.5 3 10 15 1.76 1.48 14 19.669 18.555 5.617
73 S3 3 5/ 16.84 1.71 1.33 17 20.950 19.024 9.192
74 S3 1 3 10 16.84 1.71 1.33 17 20.964 19.034 9.207
75 S3 15 3 5 18.5 1.66 0.9% 11 10.8p2 11.237 63.88
76 S3 15 3 19 185 1.66 0.9% 11 10.6P6 11.247 485.1
77 S3 2 3 5 20.5 1.62 0.75 9 7.716 7.888 -2.235
78 S3 2 3 10 20.5 1.62 0.7% 9 7.642 7.898 -3.349
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Further, the ultimate bearing capacity values oleti from experimental analysis and
corresponding values obtained from Eq. 6.1 preditte regression analysis, a graph have

been presented in Table 6.5.

Table 6.5: Ultimate bearing capacity from Experimental invgation and Regression

analysis (for 1% strip content)

% variation of

i Ultimate Bearing Capacity regression analysis
Sl. | Size of| Aspect
o | oot ot (kg/cnf) results from

° ooting atio experimental values
Experimental Regression (%)

1 0 9.00 7.84 12.86
2 1 15.16 13.79 9.07

5cm
3 2 17.68 16.02 9.38
4 3 14.04 13.02 7.24
5 0 9.30 7.85 15.57
6 1 14.60 13.80 5.51

10 cm
7 2 17.40 16.03 7.87
8 3 14.20 13.03 8.22

It appears from the table that with respect to ékperimental values the predicted values
deviate from 7.24% to 12.86% and from 8.22% to 1% 5or square footings of sizes 5 cm
and 10 cm respectively. This may be considered €oqgbite reasonable in respect of
prediction of ultimate bearing capacities of fogsnresting on PET bottle strips reinforced

soil.
6.5 Improvement Factor

In the present study an improvement factor may dfeneld as the ratio of ultimate bearing
capacity of footing on reinforced soil to that onreinforced soil. For this purpose, an
attempt has been made to find this improvemenbfador different cases as presented in
Table 6.6.
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Table 6.6: Improvement Factors

Percentage gf Aspect | Footing UItimgte
. Reinforcement Ratio | Width Bearlr?g Improvemen|

Sl. No. | Solil typs capacity
P R B q Factors

(%) (cm) | (kg/ent)

1 S1 0 0 5 8.273 1

2 S1 0.5 1 5 10.652 1.29
3 S1 1 1 5 13.518 1.63
4 S1 15 1 5 9.695 1.17
5 S1 2 1 5 7.913 0.96
6 S1 0.5 2 5 11.643 1.41
7 S1 1 2 5 16.064 1.94
8 S1 15 2 5 9.744 1.18
9 S1 2 2 5 7.816 0.94
10 S1 0.5 3 5 11.784 1.42
11 S1 1 3 5 12.597% 1.52
12 S1 15 3 5 6.087 0.74
13 S1 2 3 5 4.587 0.55
14 S1 0 0 10 8.275 1.00
15 S1 0.5 1 10 10.702 1.29
16 S1 1 1 10 13.584 1.64
17 S1 15 1 10 9.708 1.17
18 S1 2 1 10 7.875 0.95
19 S1 0.5 2 10 11.65% 1.41
20 S1 1 2 10 16.194 1.96
21 S1 15 2 10 9.637 1.16
22 S1 2 2 10 7.875 0.95
23 S1 0.5 3 10 11.744 1.42
24 S1 1 3 10 12.565 1.52
25 S1 15 3 10 6.085 0.74
26 S1 2 3 10 4.586 0.55
27 S2 0 0 5 11.74 1.00
28 S2 0.5 1 5 14.628 1.25
29 S2 1 1 5 18.564 1.58
30 S2 15 1 5 11.99¢ 1.02
31 S2 2 1 5 9.053 0.77
32 S2 0.5 2 5 15.507% 1.32
33 S2 1 2 5 18.263 1.56
34 S2 15 2 5 8.707 0.74
35 S2 2 2 5 6.618 0.56
36 S2 0.5 3 5 17.28¢ 1.47
37 S2 1 3 5 16.581 1.41
38 S2 15 3 5 8.115 0.69
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39 S2 2 3 5 5.952 0.51
40 S2 0 0 10 11.745 1.00
41 S2 0.5 1 10 14.678 1.25
42 S2 1 1 10 18.134 1.54
43 S2 15 1 10 11.97% 1.02
44 S2 2 1 10 9.083 0.77
45 S2 0.5 2 10 15.508 1.32
46 S2 1 2 10 18.619 1.58
47 S2 15 2 10 8.694 0.74
48 S2 2 2 10 6.691 0.57
49 S2 0.5 3 10 17.288 1.47
50 S2 1 3 10 16.656 1.42
51 S2 15 3 10 8.119 0.69
52 S2 2 3 10 5.965 0.51
53 S3 0 0 5 14.267 1.00
54 S3 0.5 1 5 17.021 1.19
55 S3 1 1 5 21.843 1.53
56 S3 15 1 5 13.55§ 0.95
57 S3 2 1 5 9.725 0.68
58 S3 0.5 2 5 18.634 1.31
59 S3 1 2 5 22.2472 1.56
60 S3 15 2 5 11.664 0.82
61 S3 2 2 5 8.13 0.57
62 S3 0.5 3 5 19.631 1.38
63 S3 1 3 5 20.95 1.47
64 S3 15 3 5 10.822 0.76
65 S3 2 3 5 7.716 0.54
66 S3 0 0 10 14.257% 1.00
67 S3 0.5 1 10 17.011 1.19
68 S3 1 1 10 21.771 1.53
69 S3 15 1 10 13.522 0.95
70 S3 2 1 10 9.742 0.68
71 S3 0.5 2 10 18.578 1.30
72 S3 1 2 10 22.261 1.56
73 S3 15 2 10 11.656 0.82
74 S3 2 2 10 8.124 0.57
75 S3 0.5 3 10 19.659 1.38
76 S3 1 3 10 20.964 1.47
77 S3 15 3 10 10.696 0.75
78 S3 2 3 10 7.642 0.54

From the table it is observed that the improveniacior increases initially with PET bottle

strip content and aspect ratio of strip. Also,aslbeen observed from the literature review
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that Chandrasekhar et al. (1998), Basudhar et al. (2007)Sharma et al. (2009),
Madhavilatha and Somwanshi (2009), Al-Saidi (2009Kumar and Kaur (2012) found
that use of reinforcements results in increase earibg capacity of footing placed on
reinforced soil compared to that for unreinforced. sThe optimum values are obtained for
1% strip content and aspect ratio of 2; beyondethedues this factor reduces appreciably
and even it reaches to values of less than 1 irestames. The optimum improvement factor
for S1, S2 and S3 soil with 1% fibre content angdeas ratio 2 are 1.94, 1.56 and 1.56
respectively for 5 cm wide square footing. In cat&0 cm wide square footing those values
are 1.96, 1.58 and 1.54 for S1, S2 and S3 typeibfThe improvement factor, in case of S2
and S3 soils, are less compared to that of S1 Bois is probably due to the fact that they
contain 10% and 20% sand by weight respectivelyhis Teflects that the decrease of
plasticity index imparted by increase of sand conteauses less improvement meaning
thereby PET bottle strip reinforcement is more @ff® in case of cohesive soil with more

plasticity.
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Chapter 7
SUMMARY AND CONCLUSIONS

7.1 Summary

Scarcity of land with appreciable bearing capafotyconstruction of structures is increasing
day by day with progress of civilization and indigization. At the same time there are
many waste materials deposited due to human aetvéll over the world. Such a waste is
PET bottle used and thrown away by people as wdeeycling of this may reduce
environmental hazard as well as help in constraabio weak ground. It further appears that
there is scope of study on behaviour of clay miwetth randomly distributed plastic fibre
obtained from waste PET bottles lies in recycliigplastic waste to reduce environmental
hazard. Mixing of waste plastic strips with soilyrtherefore be done to increase the strength

and stability of soll.

With this in view the present study has been cdroet with a locally available clayey soil.
This has been mixed with 10% and 20% sand to makertore types of amended soils. Thus

three types of soils have been obtained as follows:

a) Original soil S1,
b) S2 (Soil+10% sand) and
c) S3 (soil+20% sand).

Further PET bottles have been procured and theg baen cut into pieces of 5mm width
with aspect ratio of 1, 2 and 3. For each aspeitt faur strip contents, 0.5%, 1%, 1.5% and
2% have been mixed with each type of soil.

So, there are 3 soil types and for each soil tyyeeet are 3 (soil types) x 3 (aspect ratio) x4
(fibre content) = 3 soils + 3 x 3 x 4 (=36) mix&sfferent tests, such as, grain size analysis
and Atterberg’s limits have been done for charaaéon. Unconfined compressive strength
and UU triaxial tests have been done to obtaimgtreof these three types of soil and 36

mixes at optimum moisture content obtained eawién the help of standard Proctor test. In
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case of tests with PET bottle strip reinforcemeh®, PET bottle strips and aspect ratio of 2

have been found to be optimum.

Further model footing tests have been done to steleffect of PET bottle strips admixture
on bearing capacity of footings. Model footing sestive been done with selective number of
mixes for optimum percent of PET bottle strips $oil type S1 only. A total 8 number of

model footing tests have been done on square fgoth5 cm and 10 cm sizes.

An attempt has also been made to carry out numeiaysis of the model tests by finite
element method using PLAXIS 3D FOUNADATION softwardaterial nonlinearity has
been considered to model the soils and mixes uBlobgr —Coulomb failure theory and
elasto- plastic behaviour. Soil has been idealiasdan elastic-perfectly plastic material

satisfying Mohr-Coulomb vyield criterion.

Subsequently statistical modelling has been dordtain an expression for bearing capacity
of footings resting on the reinforced soil in teraignaximum dry density, optimum moisture
content, shear strength parameters, aspect ratib p@mcentage of PET bottle strip

reinforcements.

7.2 Conclusions
The following conclusions may be drawn from thesprd study in respect of material

properties as well as model footing tests and nicalestudy.

A. On material properties

» Maximum dry density of PET bottle strip (fibre) eilsmix increases with increase in
PET bottle strip (fibre) content, but it occurs tgits addition of 1% when other
parameters do not alter. Optimum value occursEcsatio 2.

» Optimum moisture content of fiber soil mix decresagdth increase in fiber content but it
occurs up to its addition of 1% when other paramsade not change. Optimum value has

been achieved at aspect ratio 2.

» UCS and shear strength parameters of fiber soil imixeases with increase in fiber
content but it occurs up to its addition of 1% whather parameters do not alter.

Optimum value comes at aspect ratio 2.

B. From model footing test and numerical analysis
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For 5 cm x 5 cm and 10 cm x 10 cm sizes of footingnd of load settlement curves
appears to be similar for both experimental andemgal studies
For 5 cm x 5 cm and 10 cm x 10 cm sizes of footmgmate load carried by soil
reinforced with PET strips of aspect ratio 2 is maxm compared to that of all other
mixes.
The ultimate bearing capacities obtained from arpamt and numerical analysis agreed
with reasonable variation. The variation in ultimabearing capacities between
experimental and numerical values was from 6.5%b6.
Ultimate bearing capacity values obtained by ISecottthod and PLAXIS 3D software
are very close and however, the experimental valuegestimate them.
Ultimate bearing capacity values predicted by regjmn analysis deviate from that
obtained in the experimental investigation by 2240 12.86 % and 8.22 % to 15.57 %
for square footings of sizes 5 cm and 10 cm respyt This may be considered to be
quite reasonable in respect of prediction of ulteraearing capacities of footings resting
on PET bottle strips reinforced soil.
The optimum improvement factor for S1, S2 and SiB wih 1% fibre content and
aspect ratio 2 are 1.94, 1.56 and 1.56 respectieely cm wide square footing. In case
of 10 cm wide square footing those values are IL%Eg and 1.54 for S1, S2 and S3 type
of soil. Less improvement is obtained with PET leostrip reinforcements in case of S2
and S3 type of soil containing sand.

Improvement with PET bottle strip reinforcementsriere effective in case of cohesive
soil with more plasticity.
From the results of regression analysis followiggation has been obtained with R
0.9948

g =8.0721 + 0.2371*{P— 0.0161*(AR) + 0.0019*(B) —
0.1273*(OMC) — 7.4888*(MDD)11..2183*(c) + 0.6343%f)

7.3 Limitations of the Present Study

The limitations of the present study are as follows

a)
b)

Higher footing sizes and more cases of foundatiimsixes have not been considered.
The effect of overburden pressure has not beeridaresl as the footing rests on the soill
surface.So, bearing capacity in this case cannot be noredhith overburden pressure or
surcharge, which is a normal practice..

Settlement considerations have not been includéukipresent study.
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7.4 Scope of Further Research

It is recommended to carry out further researdhis relevant field as follows:

a) To study application of PET bottle strips in casemeak subgrade and embankment
under seismic and non seismic condition with latzoyamodels.

b) Field study with ground improvement by PET bottteps in case of weak subgrade,
highway embankment and bearing capacity of footings

c) Numerical studies of the above mentioned cases rusdsmic and non seismic
conditions.

d) Impact of PET bottle strips on environment may belied by leachate analysis for
examining its eco-friendliness in connection wighuse in ground improvement as geo-

environmental study.
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