CHAPTER 1

1.1 Introduction

For any type of structure, the foundation is venpoértant and has to be strong enough to
support the entire structure and carry the suppos®d load safely. For the foundation to be
strong, the soil around the foundation plays a \aitical role. So, to deal with soils, we
should have proper knowledge about the type dfaud their properties and on factors
which affect their properties and behaviour. Thehoé of soil stabilization is important to
achieve the required properties in a soil whicteguired for the construction work.

From the starting of construction work, the nedgssf knowledge of soil properties has
come to the light. Ancient civilizations of the @kse, Romans and Incas used various
methods to improve soil properties and its strengtime of these process were so effective
that their constructions, buildings and roads stilkt.

Soil stabilization can be used in nearly everylbtype of problem related to soil . When the
geotechnical engineers are to be deal with clag,sthie engineering properties of those soils
must be improve to make the soil suitable for ansion.

Silica fume is a mineral admixture, made up of sigbom particles of silica dioxide,
produced as a by- product from the production lafami and ferrosilicon metal. After various
studies we made a conclusions that the additiosilmfa fume plays a very vital role in
improvement or transformation of chemical propert@nd physical properties of soil,
especially sulfate soils.

When civil engineers faced the problem of constomctdamage, there is a need for
improving the geotechnical properties of the soil uUsing some process or methods of
stabilization. Stabilization or improvement of gudide of pavements has traditionally
depend on treatment with cement, silica fume, fsh and several additives such as
pozzolanic materials. Pozzolanic materials, suclFlgsash, lime, and cement, which are
considered as wastes may be used for soil staimliza The Silica Fume is considered to be
40% cheaper than that of Portland cement.

Cement is widely app;ied to stabilize soil espégiad highway construction and earth dam
or embankment construction. Cement can be appliedabilize or pick up sandy and clay
soils mainly in the areas where level of groundewna very high. Almost all the fine-grained
soils can be improved with cement and silica furmeept for some mineral soils. The

guantity of cement required to stabilize soils yostly upon their physical properties. All
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most more fine-grain soil or plastic (higher vabfeplasticity) a soil is, the more quantity of
cement is required to stabilize or improve it. eanstabilization of silty soil is more helpful
when the soil’s liquid limit , varies from 40 to BMd its plasticity index is small than 20. The
reduction in liquid limit of soil by addition of ogent is depends on the soil used and its type.
so by this we can not make a general claim thexetlis always decrease in value of liquid

limit of all fine-grain soils.

1.2 Objectives of Study

Generally,the objective of the study is to detemrtime behaviour of soil on addition of silica

fume and cement.The more specific objectives oktbdy are:-

e To determine the basis engineering propertiesebtil,cement and silica fume.
e To prepare mixes of soil with various proportiofisitica fume and cement.

e To determine all the geotechnical properties ofasix

e Tofind the unconfined compressive strength ofrtiees at their OMC

e To obtain a optimal mix for maximum UCS value.

1.3 Scope of Study

This study is focused on identifying the enginegnmoperties of soil and shear strength of
soil. The sample used in this study is silty daiboratory test that will be performed include
Atterberg limit, compaction test ,unconfined congsige strength test. The compaction
methods will be used for this experiment is staddproctor. Unconfined compressive

strength(ucs) will be used to determine the shigangth of the soil after compaction.
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CHAPTER 2
LITERATURE REVIEW

Soil stabilization is the process of improving soemgineering properties of soil by different
methods, mechanical ,physical or chemical. The rpaipose of stabilization is to produce an
improved soil material which will have all the desl engineering or geotechnical properties.
Soils are generally stabilized or improved to ¢t desired properties or increase in strength
and to prevent erosion and formation dust inrssdihe main aim is to get a soil material or
system that can sustain under the design conditodsfor the entire designed life of the
engineering project. The properties of soil magy\a lot at different places or even at one
place in certain cases; the success of soil stabin widely depends on testing of soil
samples. Various methods are used to improve thgepties of soil or to stabilize it and the
process must be tested in the standard soil labtivit soil material before practising it on the
field.

2.1 Principlesof Soil Stabilization

» To find out the soil properties of the area vihéze under consideration.

* To find out the properties of soil which need®&improved to get the design value and to
select the effective and more economical methodgd stabilization.

* To design the stabilized soil mix sample anditastthe soil lab for better stability and its

durability values.

2.2 Advantages of Soil Stabilization

The properties of soil varies at different locataord construction of structures on soail
depends a lot on the bearing capacity of the Beilce, we have to stabilize or improve the
properties of soil which makes it easy to knowltaa bearing capacity of the soil and even
increase the load bearing capacity. The soil gradlas plays a very important property to
keep in mind while stabilizing the soils. The sailast be well-graded which is needed for
better work as it has less number of voids or unifg graded soil which is considered to be
stable but has more voids in it. Thus, it is gomdus to mix different types of soils together
in order to improve the strength and engineengperties. It is very much costly to replace
the weak soil entirely and hence, soil stabilizai®to be used in to order to get desired

strength.
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. Stabilization improves the soil strength, thusréases the bearing capacityof soil.

. Stabilization is very much economical in termswdth cost and energy to increase the soll

bearing capacity rather than going for raft fouratabr deep foundation at site.

I It also gives more stability to the soil at siteslopes or other such places.

"1 Sometimes it may be also used to prevent erodisoibor dust formation, which is very

useful especially in arid and dry weather.

"1 It is also done for soil water-proofing,which peews water from entering into the soil and

hence helps the soil from losing its shear strength

1 Stabilization helps in minimizing the volume chamyf soil due to change in temperature

or variation in moisture content.

1 Stabilization helps in improving the durabilitychthe workability of the soil.

2.3 Review of Some Previous Works

Various research have been done to improve thagitn of soil by adding Silica Fume and

Cement.

The effect of adding silica fume on the enginegfehavior of soil subgrades which has
inadequate stability was examined [1]. They comgxhdhe clay soil and clayey soil-silica
fume samples at the optimum moisture content aed tmplemented to laboratory tests.
Test results gives a considerable upgrading onlisgedressure and unconfined compressive
strength of soil mixture with silica fume. It wasuind that the swelling pressure of soil
samples gets reduced by 87% when the contentdicd fime increased from 5% to 15%
and the unconfined compressive strength of soitispen gets improved by 4% when the
contents of silics fume increased from 5% to 10% after then the value gets reduced. It
was found that the permeability of soil samplesaases when the contents of silica fume is
increased. The coefficient of permeability getsréased by 100% when contents of silica

fume is 15%. Also, the test results gives thatpresence of silica fume reduces the cracks
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development on the surface of compacted soil sampyeminimizing the crack width by
75%. The study revealed that the silica fume ismgortant material to change the

engineering properties of soil and make them Blaétéor construction purpose.

The effect of cement and silica fume with cementtbe geotechnical or engineering
properties of the clayey soil was studied [2].Heied a numerous of laboratory experiments
and prepare a lot of soil samples by adding bethent and silica fume with cement . He
took four different percentages of cement (2%, 4% and 8%) and three different
percentages of silica fume (2%, 4% and 6%) to wsa materials for stabilization . Results
from tests reveals that mixing cement and silicaduvith cement to the soil minimize the
maximum dry density and increases the optimum mastontent of the samples. Tests
results showed that the unconfined compressivagitieof the soil increases significantly

with increase in the content of cement and silicad with cement especially.

The effect of silica fume on geotechnical propertié expansive clay like black cotton soll
was examined [3].They carried lots of laboratoryemments and put their conclusions.
Varities of soil specimens were made by adding klkeatton soil with silica fume varying

from 5% to 20% by weight of dry soil.The tests tesgives a significantly increase in

California bearing ratioof soil samples and uncoedi compressive strength of soil.There is
decrease in differential free swell of the clayl fmm 50% to 7% with increase in content of
silica fume from 5% to 20% respectively.The Proatompaction test results gives a small
decrease in Maximum dry density of soil samplesiaotease in optimum moisture content
of soil.From his study we can conclude that thieasifume has a potential to improve the

engineering properties of black cotton soil.

The effect of cement and lime on the engineeringperties of clay soil was examined
[4].After conducting various laboratory test theyncluded that mixing cement and lime to
ssamples does not give a fixed change in the litjmd of the soil samples. Tests result
showed that the liquid limit values either getsr@ased or reduced , but does not give a
certain pattern of increasing or decreasing. Howgasats results showed that the soil samples
with plasticity indices between 25 and 30, the itiglimit values of soil samples gives an
rough pattern by adding 9 % lime or cement but tjiges an increasing pattern in the soil

samples with over 9 % lime or cement. Tests reseitsaled that there is increase in plastic
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limit and optimum moisture content of soil by adglioement/lime to soil specimens. Soil
samples with 1-3 % lime or cement content, the eslof plasticity adopted a gradually
increasing pattern. soil samples with over 5 % loneement content, there is a increasing
pattern in the values of plasticity limit

Test results revealed that there is increase imlksge limit of soil samples by adding
cement/lime and decrease in plasticity index of gb# samples. It was concluded that the
reduction was significant to the soil samples viatasticity index equal to30 and Plasticity
index equal to 3%vhen 3 % lime or cement was added. After conductangpus laboratory
test it was found that the most suitable quantitynoe and cement in the clay-lime and clay-
cement mixes was 13%, where the reduction in velainthe soil samples was minimum.
The less volume change was observed in the soiplesnvith Plasticity index equal to 35,
and with the 9 % of lime and cement mixtures. wml¢he soil samples with Plasticity index
equal to40, the reduction in volume was observedmum when there was with 5 % lime

in the clay-lime mixes.

The effect of lime and micro silica fume mix on teft soil properties was examined [5].He
carried a series of laboratories experiment on soft samples with (0,3,6,9,12)% lime
and(0,6,12,18)% micro silica fume. It was foundtttie liquid limit of soil mixtures gets
reduced to 33% for 12% lime, and 0% micro silicanéu Test results shows that there is
increase in the plastic limit to 41% for 9% lime&)dal8% micro silica fume. Test result
shows that with 9% lime and 16% silica fume the nury density gets reduced to
1.32gm/cm. The optimum moisture content of soil mix getsréased to 28.66% with 12%
lime. It was found with 18 % silica fume and 6 %@t that the California Bearing Ratio
(CBR) values gets increased t013.5%.With this studgan be concluded that micro silica
fume and lime can be used to stabilized subgragkrdaand to perk up soil properties to

make suitable them for engineering projects.

The effect of adding cement kiln dust on clay seds studied.[6].He carried various
experiment to know the geotechnical propertiesodfsamples.after performing experiments
it was found that properties of soil gets impropedmeability of soil samples decreases and
compressibility of soil gets improved. He foundtthaconfined compressive strength of soil
increases and plasticity of soil gets decreasedialt found that cement kiln improves the
texture of soil and reduced the swell charactesstif soil samples.It was found for light

construction purpose 12 to 30 % of cement kiln dastfficient.
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The effects of engineering properties of clayey abiraq was studied.[7].the clayey soil was
blended with lime and silica fume.He carried aesf experiment to get the geotechnical
properties of soil. The soil samples were prepénednixing 2.5 %,5%,7.5%,and 10% lime
and 2%,4% and 6% for silica fume.After performirgyious experiments it was found the
liquid limit and plasticity index of soil gets recked by 41.4% and52% by mixing lime and
silica fume.The specific gravity of soil was de@ed by 5.5 % by mixing 2.5% lime and
6%silica fume but it decreses by 3% adding onlyelih®%).The maximum dry density of
soil samples gets decreased whereas o.m.c of aaiples gets increased, the best
combination was found to be 2.5 % lime and 6% aifieme.The ucs value of the samples
gets increased from 21 to 69 kPa by adding 6%asiiicne and 2.5 % lime, however on

addition of 5% lime only ucs values increases t&Ba only.

On the basis of literature review the objectivedatned and thereafter the experiments have

been performed in the succeeding chapters.
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CHAPTER 3
EXPERIMENTAL INVESTIGATIONS

3.1 Purpose

The purpose of this experimental study is to itigase the effects of the addition of Silica
Fume and Cement on Specific Gravity,Consistencitdi@ompaction and Shear Strength of
the Soil.All the experiments are performed as Berdde 2720(part 1-40)

The experimental work consists of the followingpste

1. XRD Analysis of soil,silica fume and cement.

2. Preparation of samples mixes.

3.Specific Gravity of soil and its mixes.

4. Determination of Index properties of the soitlats mixes.

i) Liquid Limit by Casagrande’s Apparatus

i) Plastic Limit

5. Patrticle size distribution by sieve analysis Bpdrometer analysis.

6. Determination of the maximum dry density (MDDydathe corresponding optimum

moisture content (OMC) of the soil by Proctor cortm test

7. Determination of the shear strength by Unconfiocempression test (UCS).
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3.2 Materials

3.2.1 Natural Soil

The stabilization of has to be implemented in swits like (silty, clayey peat or organic
soils) in order to accomplish pleasing engineedngeotechnical properties. A clay soil has
a more surface area than others soil,the reagbatist has elongated and flat shaped particle
.The soil used in this study is taken from DTU CAN®Bawana Delhi. The soil has been
classified as silty soil as per IS code 1498:1Fé€pfint 2000).

3.2.2 Silica Fume
Silica fume is also termed as micro-silica, whiglobtained as a waste product of the high-
purity quartz.silica fume is produced in electriecrfaces by silicon and ferrosilicon alloys. SF
is also obtained as a by product in the manufarguof other silicon alloys such as
ferrochromium,ferromagnesium, ferromanganese atuiuoa silicon. It consists of very fine
particles which can be measured by various teclesicgguch as nitrogen absorbtion.This
technique is used when the particles of silica fumerery less say 100 times lesser as
compared to cement particle. As the contents afasis more and has very fineness it is
widely used and a more effective pozollanic makéni@oncrete it is widely used to fulfil the
desired properties.The most important propertyilafasfume is that it improves the strength
of the material with which it is mixed and develaggood bond with the soil.silica fume is
also used to minimize the permeability of soil rmige and used in preventing the steel from
corrosion. The chemical composition of silica fuosed is given below which contains high
amount of silica and oxygen.

Table-3.1 Chemical Composition of Micro Silica Fume

(Supplied by manufacturer)

Composition Value (%)
SiC, 98.2
Al ;O3 0.0z
Na,O 0.01
kO 0.10
MgO 0.06
CaO 0.60

The specific gravity of silica fume was found toa3.
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3.2.3 Cement

Cement is the oldest binding agent and it is wideslgd for soil improvement or stabilization.
Cement is generally used as primary or main stahgiagent or hydraulic controller because
it has the capability to hold the particles andad stabilizer agents.the reaction which took
place after mixing with soil does not depends umainerals of soil and it has a very
important property that it reacts with water in awojl. This is the reason cement is widely
used to stabilize or improve a wide range of sdilse types of cement available to us are
ordinary Portland cement,high alumina cement,suphasistant cement, blast furnace
cement.The types of cement to be used for statidizgprocess depends on type of soil to be
used and the amount of strength to be achievedr@gneery less amount of cement is
required to enhances the geotechnical or engirgegniaperties of soil of the soil.Cement
stabilized soils have the following improved prdjes:

"1 Decreased cohesiveness (Plasticity)

" Decreased volume expansion or compressibility

1 Increased strength (PCA-IS 411, 2003).

Ordinary Portland cement was classified into thgemdes,say 33 grades,43 grades and 53
grades depending upon the strength of cement vdsted after 28 days of curing by 1S4031-
1988.

In this study ordinary Portland cement of 43 grads taken whose specific gravity is 3.15.
The initial setting time was found to be 30 minatal the final setting time found to be 600
minutes. The fineness of cement was found to be 23@g.The soundness test was
performed by Le chatelier apparatus and it wasddorbe 10 mm.The compressive strength
of ordinary Portland cement after 3 days of cumwas 23 MPa and after 7 days of curing ,it
was 33 MPa but after 28 days of curing ,it was 43aM

3.3 XRD Analysis

X-ray diffraction technique is non-destructive amiglal technique which gives information
about the crystal structure,physical and chemioaiosition as well as properties of
material and thin film.this technique is based beawving the scattered intensity of an x-ray
beam hitting a sample as a function of incident scattered angle,polarization and

wavelength or energy.
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3.3.1 XRD Pattern of Soil

Full scale counts: 18 Base(167) Cursor: 1253 keV
2 Counts
Si
15
0
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1 P B wen
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Acc.Voltage: 15.0 kV Take Off Angle: 81.1 deg.

Quantitative Results for: Base(167)

Element Net Int. Weight % Weight % Atom % Atom % Formula Standard
Line Counts Cps/nA Error Error Name
oK 416 0.000 70.76 +/-7.48 83.04 +/-8.78 0
SiK 186 0.000 21.43 +/-2.30 14.33 +/-1.54 Si
SilL 0 0.000 --- --- --- ---
Fe K 11 0.000 7.81 +/-4.26 2.63 +/-1.43 Fe
Fel 268 0.000 --- --- --- ---

Total 100.00 100.00

Fig. XRD Pattern of Plain Soill

The XRD analysis of Soil gives the information abthe chemical composition and physical
properties of natural Soil. Soil contain high amooinOxygen and Silica and little amount of
Iron and Potassium.
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3.3.2 XRD Pattern of Silica Fume

Full scale counts: 119 Base(166) Cursor: 4500 keV
3 Counts
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Acc.Voltage: 15.0 kV Take Off Angle: 42.6 deg. Quantitative Results for: Base(166)

Element Net Int. Weight % Weight % Atom % Atom % Formula Standard
Line Counts  Cps/nA Error Error Name
oK 1158 0.000 59.36 +/-2.51 71.94 +/-3.04 0]
SiK 1866 0.001 40.64 +/-1.48 28.06 +/-1.02 Si
Sil 0 0.000 --- --- --- ---

Total 100.00 100.00

Fig.3.2 XRD Pattern of Silica Fume

The XRD analysis of Silica Fume gives the inforraatabout the chemical composition and
physical properties of Silica Fume. Silica Fumetaors high amount of oxygen and silica.
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3.3.3 XRD Pattern of Cement

Full scale counts: 119 Base{145) Cursor:  '10.486 keV
1 Counts
1204 © Ca
Ca

100 ﬁ
80+
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40+

Ca
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Acc.Voltage: 15.0 kV Take Off Angle: 81.0 deg.

Quantitative Results for: Base(445)

Element Net Int. Weight % Weight % Atom % Atom % Formula Standard
Line Counts  Cps/nA Error Error Name
oK 1801 --- 50.52 +/-1.74 69.56 +/-2.39 0]
AlK 595 --- 5.26 +/-0.52 4.29 +/-0.43 Al
SiK 1160 --- 10.67 +/-0.60 8.37 +/-0.47 Si
SilL 0 --- --- --- --- ---
KK 69 --- 0.96 +/-0.25 0.54 +/-0.14 K
KL 0 --- --- --- --- ---
Ca K 1723 --- 28.89 +/-1.31 15.88 +/-0.72 Ca
Cal 0 --- --- --- --- ---
Fe K 33 --- 1.77 +/-1.02 0.70 +/-0.40 Fe
Fel 375
Zn K 12 --- 1.93 +/-2.41 0.65 +/-0.81 Zn
Znl 0 --- --- --- --- ---
Total 100.00 100.00

Fig.3.3 XRD Pattern of Cement

The XRD analysis of Cement gives the informatioowttihe chemical composition and
physical properties of Cement. Cement contains Aigbunt of oxygen and Calcium and
little amount of Silica,Potassium,Aluminium,Irondadinc.
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3.4 Samples Preparation

The natural soil used in this study was dried, mhiwgth different percentage of silica fume
and cement .Samples were made by mixing both CeamahtCement with silica fume .
Three different percentages of Silica Fume (3%, &Pt 7%) and four different percentages
of cement (0%,3%,5%and 7%)were used for study.pEneentages were calculated in terms
of dry weight of the soil. The samples of the Urfoeed Compressive Strength tests were

prepared with optimum moisture content and to aimam dry density of the soil.

3.5 Experimentations:-

3.5.1 Specific gravity of the soil [IS:2720(partll)]

The specific gravity of soil is the ratio betwedre tweight of the soil solids and weight of
equal volume of water. It is measured by the hdla @olumetric flask in a very simple
experimental setup where the volume of the sdibusid out and its weight is divided by the
weight of equal volume of water. Specific gravifyaosubstance denotes the number of times
that substance is heavier than water. In simpledsvave can define it as the ratio between
the mass of any substance of a definite volumeldd/by mass of equal volume of water. In
case of soils, specific gravity is the number aids the soil solids are heavier than equal

volume of water.

W.—W,
(Ws—W1)—(W3-W2)

Specific Gravity G =

W1 = Weight of bottle in gms

W2 = Weight of bottle + Dry soil in gms
W3 = Weight of bottle + Soil + Water
W4 = Weight of bottle + Water
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Table 3.2 Values of G for different Types of Soils

S.No. Type of soil Range of G value
1. Sands 2.65-2.67
2. Silty Sands 2.67-2.70
3. Inorganic Clays 2.70-2.80
4. Soils with mica or iron 2.75-2.90
5. Organic Soils Quite variable, as low as 2.2

3.5.2 Hydrometer test [I S:2720 (Part 1V)]:-

The hydrometer method is based on the measurenfemtlacity of soil particles in a
sedimentation solution and the dry mass of soth@solution in different intervals of time.
The velocity of falling particles and dry mass ofl at a specific depth are measured by a
hydrometer. The results are combined with Stokaw/, Iwhich gives the relation between
velocity of a spherical particle and its diametéuiley settling within its solution. The tests are

carried out according to procedure mentioned irv282Part 4 1985

Picture 1 Hydrometer test apparatus

JAY SHANKER(2K12/GTE/08) Page 15



3.5.3Liquid limit[I S:2720(part V)]

It is the water content of the soil between theitigstate and plastic state of the soil. It can be
defined as the minimum water content at which i€ gough in liquid state, shows small
shearing strength against flowing. It is measurgdthe Casagrande’s apparatus and is
denoted byw.

The Casagrande tool cuts a groove of size 2mm watidke bottom and 11 mm wide at the
top and 8 mm high. The number of blows used forttve soil samples to come in contact is
noted down. Graph is plotted taking number of bl@usa logarithmic scale on the abscissa

and water content on the ordinate. Liquid limitregponds to 25 blows from the graph.

When enough and sufficient water is added to adwoik it achieves a liquid state; i.e. the soil
behaves like a liquid without having any shearrgjte. However, when we reduce the water
content of the soil gradually, the soil changesnfiitie liquid state of the plastic state. In the
plastic state, the soil gains a lot of shear stieng plastic soil (i.e. a soil in plastic state)a
sticky soil and can be moulded into different sisagued hence used for making clay toys, etc.

[ E=t ™
=8

)

= o~ . .
e E '-:: . E

;! -y

AL

Picture 2 Liquid limit apparatus

3.5.4 Plastic limit [I1S:2720(part X)]

This is determined by rolling out soil till its dieeter reaches approximately 3 mm and
measuring water content for the soil which crumldesreaching this diameter. Plasticity
index (Ip) was also calculated with the help otildylimit and plastic limit;
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|p=W|_'Wp

Where, Wi- Liquid limit, Wp- Plastic limit

Picture 3 Plastic liquid method
Plasticity index
Plasticity index (Ip) was also calculated with tiedp of liquid limit and plastic limit;

Ip=W_ —-Wp
W._- Liquid limit

Wp- Plastic limit

3.5.5 Particle Size Distribution

Soil at any place is composed of particles of @etaiof sizes and shapes, sizes ranging from
a few microns to a few centimeters are present 8orae in the same soil sample. The
distribution of particles of different sizes detémas many physical properties of the soil such
as its strength, permeability, density etc.

Particle size distribution is found out by two naadh, first is sieve analysis which is done for
coarse grained soils only and the other methoddsrsentation analysis used for fine grained
soil sample. Both are followed by plotting the fé&swn a semi-log graph. The percentage
finer N as the ordinate and the particle diameter i.e esgize as the abscissa on a logarithmic
scale. The curve generated from the result givesnuslea of the type and gradation of the
soil. If the curve is higher up or is more towatts left, it means that the soil has more
representation from the finer particles; if it @vards the right, we can deduce that the soil
has more of the coarse grained particles.

The soil may be of two types- well graded or poangded (uniformly graded). Well graded
soils have particles from all the size ranges goad amount. On the other hand, it is said to
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be poorly or uniformly graded if it has particleEsmme sizes in excess and deficiency of
particles of other sizes. Sometimes the curve Hteg portion also which means there is an
absence of particles of intermediate size, thele ace also known as gap graded or skip
graded.

For analysis of the particle distribution, we somess use D10, D30, and D60 etc. terms
which represents a size in mm such that 10%, 309686 of particles respectively are finer

than that size. The size of D10 also called thectife size or diameter is a very useful data.
There is a term called uniformity coefficient Cuialihcomes from the ratio of D60 and D10,

it gives a measure of the range of the particle sfzhe soil sample.

As per provisions of IS 460-1972 (revised), sodsihg particles of size larger than 75 micron
(0.075 mm) are termed as coarse grain soils. T¢arg], gravel, cobble and boulder do fall
within the definition of coarse grained soils. Tiee range of different types of these soails, is

as under:

I. Boulder- (more than 300 mm)
II. Cobble- (80 mm to 300 mm)
lll. Gravel- (4.75 mm to 80 mm)
IV. Sand - (0.075 mm-4.75 mm)

Soils finer than 0.075 mm (i@ are classified as silts and clays; and hencecalted fine

grained soils.
3.5.6 Proctor Compaction Test [IS:2720(part VII)]

This experiment gives a clear relationship betw#en dry density of the soil and the
moisture content of the soil. The experimental gpetonsists of (i) cylindrical metal mould
(internal diameter- 10.15 cm and internal heigh#1dm), (ii) detachable base plate, (iii)
collar (5 cm effective height), (iv) rammer (2.5 k@ompaction process helps in increasing
the bulk density by driving out the air from theid@ The theory used in the experiment is
that for any compactive effort, the dry density eleghs upon the moisture content in the soil.
The maximum dry density (MDD) is achieved when $bé is compacted at relatively high
moisture content and almost all the air is drively this moisture content is called optimum

moisture content (OMC). After plotting the datarfrdhe experiment with water content as
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the abscissa and dry density as the ordinate, we at#tain the OMC and MDD

weight of wet soil in mould (gms)

Wetdensity =

volume of mould{cc)

weight of water (gms)

Moisture content % = - - X 100
weight of dry soil (gms)

wet density
+ln0ist111‘e content
100

Dry density va (gm/cc) =
1

Picture 4 Standardctor test apparatus

3.5.7 Unconfined Compression Test[I1S:2720(part VIlI)]

This experiment is used to determine the unconfioeapressive strength of the soil sample
which in turn is used to calculate the unconsoidatindrained shear strength of unconfined soil.
The unconfined compressive strength) (g the compressive stress at which the unconfined
cylindrical soil sample fails under simple compiesgest. The experimental setup constitutes of
the compression device and dial gauges for load defdrmation. The load was taken for

different readings of strain dial gauge startingrire = 0.005 and increasing by 0.005 at each

step. The corrected cross-sectional area was atécuby dividing the area by (4 andthen the
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compressive stress for each step was calculateliviting the load with the corrected area.

Qu= load/corrected area (A’)

vfcompressive stress

A’= cross-sectional area/ (&)

Picture 5 Unconfined compressive strength test rapps
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CHAPTER 4
RESULTSAND DISCUSSION
4.1 Engineering Properties of Soil
4.1.1 Specific Gravity of the Sail.

M, = Mass of empty bottle = 696.63 gm
M,= Mass of bottle + mass of dry soil = 858.22 gm
M3 = Mass of bottle + mass of dry soil + mass of wat&669.42 gm

M4 =-Mass of bottle + mass of water = 1567.53 gm

G = M2 - M1
" [(M2 - M1)- (M3 - M4)]
_ 161.59
 (161.59-101.89)

G =2.706

The Specific gravity of the soll is obtainesl2.706.

4.1.2 Grain Size Distribution

Hydrometer reading
Calibration of hydrometer:
Initial reading = 760mL
Final reading = 850mL

Volume of hydrometer, Y= 90mL

Area of cross section of the cylinder, AE%;OO) =35.71cm

Height of bulb, h = 15.5 cm
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Table 4.1 Obseiaffor Calibration of Hydrometer

Actual Hydrometer reading| Distance between neck to Effective depth
(Rw) each mark on hydrometer (H) g, = g +2(h —22) incm
incm ¢ 2 A

25(1025) 1.7 8.2
20(1020) 3.4 9.9
15(1015 5.1 11.€

10(1010 6.8 13.<

5(1005) 8.5 15

0(1000) 10.2 16.7
-5(995) 11.9 18.4

o £
C%O

=

=
N B

=

\\ —4— calibration curve of

hydrometer

oo}

Effective depth (H,)
=
D

(e}

B

N

[en)

-10 -5 0 5 10 15 20 25 30
Hydrometer Reading (R,)

igH.1 Calibration Curve of Hydrometer

Mass of dry soil (M) = 50g; Meniscus correction (= +0.5

100G
Mg(G-1)

Percentage fing¥ = R

Where R = hydrometer reading corrected for compasitrection

Mg= dry mass of soil sample.

Factor M = |—32
9(G-1p,

n=8.85x10° poise, g=981cmfs

G=2.706,p,=1 gm/cc at 2%.

M=0.01258.
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Observations Calculations
Correct- Partice
Sl El Hyd C ed Read size
. ap- ro- omp- ead- .
Z Y ; | p hydro- | Heig | | . Fact- | () | Percenta
se meter empe- osite ing R= :
No. ) ) P ) meter | ht He g or ge finer
time | reading rature | correctio ) Ry + D
reading | (cm) M N
® | R n (C) , c N)
Ry =Ry - M E
+C, t
1 0'.5 10 27C -0.5 10.5 13.3 9.5 0.012 0.0639 30.24
min 58
. 0.012
2 1 min 9.75 2 -0.5 10.25 13.39 9.25 58 0.0453 29.44
3 2 min 9.5 2%C -0.5 10 13.47 9 0.50812 0.0322 28.65
. i 0.012
4 4 min 8.75 2 -0.5 9.25 13.73 8.25 58 0.0229 26.26
. i 0.012
5 8 min 7.75 2 -0.5 8.25 14.0 7.25 58 0.0164 23.07
6 1.5 7.25 27c -0.5 6.75 14.24 6.75 0.012 0.0120 21.49
min 58
7 3.0 6.75 27C -0.5 7.25 14.41 6.25 0.012| 0.0085 19.89
min 58 9
8 1hr 6 27C -0.5 6.5 14.67 55 0.0120.0043 17.5
58 6
9 2 hr 5.5 28C -0.5 6 14.83 5 0';:2 0.0031 15.9
10 4 hr 5 28C -0.5 55 15 45 0.012 0.0028 14.32
58 1
11 8 hr 4 28C -0.5 4.5 15.33 3.5 0.012 0.0022 11.14
58 4
12 | 12 hr 3 25 -0.5 35 1556 2.5 0';:2 0'05018 7.96
13 | 24 hr 15 iy -0.5 3 15.73 1 0':812 0'01013 3.18

Table 4.2 Obsemmatand Calculation of Hydrometer
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Tall.3 Partical Size Distribution

Mass of soil Percentage Cumulative
SI. No. Sieve size retained in each retained percentage Percentage finer
sieve (g) (%) retained (%)
1 4.75mm 3.3 0.33 0.33 99.67
2 2.36mm 104 1.04 1.37 98.63
3 1.18mm 18 1.8 3.17 96.83
4 600U 62.1 6.21 9.38 90.62
5 300u 45.1 4,51 13.89 86.11
6 180u 108.2 10.82 24.71 75.29
7 75u 185.1 18.51 43.22 56.78
8 Pan 567.8 56.78 100 0
100 -

90 -

80
570 -
=
(=
260 -
g
ic 50
S
S 40 -
()
a

30

20 T

0.01 0.1 Grain Size (mm)
Grain Size Distribution
Fig 4.2 Grain Size Distribution Curve
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4.1.3 Consistency Limit Determination

Table 4.4 Observation for Water Content

Sl. | No. of | Mass of Mass of Mass of Mass of | Mass of| Mass of | Water
No | blow | sampler Sampler + Sampler + | moist Dry water content
(Me) in gm | Moist soil (Me | Dry soil soil (Mp) | soil (My) in | W=
+ Mp) in gm (Me+ My) in gm (Mm) in | gm (Mw/Mp)
in gm gm *100 %
1 |14 5.46 11.79 9.98 6.39 4.58 1.81 39.52
2 21 5.39 11.51 9.90 6.12 4.51 1.61 35.69
3 |29 15.6: 26.1% 23.7 10.5¢ 8.14 2.4C 29.4¢
4 141 5.3¢ 13.8¢ 12.3¢ 8.4¢ 7.6% 1.4F 20.6:
LL
40
35 \
__ 30
S \
€ 25 S
b]
§ 20 o
8 15
©
3
10
5
0
1 10 100

Fig 4.3 Liquid Limit Curve of Soill

The Liquid Limit of Soil is 280 %.
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Table 4.5 Observation for Plastic Limit

Sl. Mass of | Mass of Mass of Mass of | Mass | Mass of | Water content
No. sampler | Sampler + Sampler + | moist of Dry | water W=
(M) in Moist soil Dry soil (Me | soil (My) | soil (My) in | (MW/Mp)*100
gm (Me+ Mp) in | + Mg) ingm | in gm (Mp) in | gm %
gm gm
1 5.3¢ 9.1: 8.4¢ 3.7 3.0¢ 0.6€ 21.3¢
2 6.04 9.14 8.3 2.74 2.26 0.48 21.23
3 5.61 8.517 8.0 2.9¢ 2.4% 0.52 21.77
The average value of Plastic Limit of Soil is 2245
P.I=LL-PL
P.I =4.35.
4.1.4 Results of Proctor Compaction Test
Weight of Mould (M») = 4.260 kg and,
Volume of Mould (V) = 0.960 th
Table 4.6(a) Observation for Bulk density
% Water | Mass of | Mass of mould 1+ | Mass of soi | Bulk density

Sl. No | added water Mass of soil (M, + | in mould (p) =(Ms/ V)

added | My) inkg (My) in kg (KN/m°) .
1 4 120 5.940 1.680 17.50
2 7 210 6.040 1.780 18.54
3 10 30C 6.13( 1.87( 19.4%
4 13 390 6.212 1.952 20.33
5 16 480 6.140 1.880 19.58
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Table 4.6()s@rvation for Water Content

Sl Mass of | Mass of Mass of Mass of | Mass | Mass of | Water content
No. sampler | Sampler + Sampler + | moist of Dry | water W=

(Mg) in Moist soll Dry soil (Me | soil (Mp) | soll (My) in | (Mw/M)*100

gm (Me+ Mp) in | + Mg) ingm | in gm (Mp) in | gm %

gm gm
1 5.3¢ 15.2¢ 15.1¢ 10.3 9.7¢ 0.5¢ 5.92
2 5.61 16.48 15.56 10.87 9.95 0.92 9.25
3 17.4¢ 28.4¢ 27.31 10.9¢ 9.8t 1.12 11.47
4 6.56 22.08 20.08 15.52 13.52 2.00 14.79
5 6.52 20.6¢ 18.62 14.1¢ 12.1C | 2.0¢ 17.0¢
Tall.6(c) Observation for Dry density
Sl. No. Bulk Density () Water content (w %) Dry density
(KN/m®). pa=( p/(1+w)) in KN/nT.

1 17.50 5.92 16.52
2 18.5¢ 9.2t 16.9
3 19.47 11.47 17.4¢
4 20.3: 14.7¢ 17.71
5 19.58 17.03 16.73
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Plain Soil
18
17.5

17

16.5 # plain soil

Dry density(kN/m3)

16
0 5 10 15 20

Water Content(%)

Fig.4.4 Relation between Dry density and Water €ont

0.M.C of Soil is 13.80 %

M.D.D of Soil is 17.78 kN/m?

4.1.5 Unconfined Compressive Strength (UCS)

Table 4.7 ObservationUnconfined Compressive Strength of soll

UCS Value after 28 days of curi UCS Value after 7 days of curi UCS Value after 1 days of curi
Axial Stress Axial Strain (%) Axial Stress Axial Strain (%) Axial Stress | Axial Strain (%)
(MPa) (MPa (MPa

0.02¢ 0.00¢ 0.013% 0.00¢ 0.00¢ 0.00¢
0.04: 0.01: 0.03¢ 0.132 0.027 0.01:
0.06 0.01¢ 0.05¢ 0.02¢ 0.04¢ 0.01¢
0.08¢ 0.02¢ 0.07¢ 0.03¢ 0.06: 0.02¢
0.10( 0.03:2 0.10¢ 0.03¢ 0.08¢ 0.03:
0.12¢ 0.03¢ 0.11¢ 0.04¢ 0.103% 0.03¢
0.15¢ 0.04¢ 0.13¢ 0/05¢ 0.13¢ 0.04¢
0.17¢ 0.05:2 0.171 0.06¢ 0.15¢ 0.05:
0.20: 0.05¢ 0.19¢ 0.072 0.17:2 0.05¢
0.22¢ 0.06¢ 0.213 0.07¢ 0.16: 0.06¢
0.24¢ 0.07:2 0.19¢ 0.081 0.145 0.07:
0.26: 0.07¢ 0.167 0.08¢
0.28¢ 0.08t
0.26¢ 0.09:
0.241 0.09¢
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After 1 days of curing

Stress-Strain Curve

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06 =@ stress-strain curve
0.04
0.02

Axial Stress(MPa)

0 0.02 0.04 0.06 0.08

Axial Strain (%)

Fig 4.5 Stress strain curve of soil after 1 day

The Unconfined Compressive Strength Value of Soll.L72MPa.

After 7 days of curing

Stress-Strain Curve
0.25
0.2
©
[
2 015
a
g
E 0.1 .
© =@ stress-strain curve
Z
0.05
0
0 0.02 0.04 0.06 0.08 0.1
Axial Strain (%)

Fig 4.6 Stress strain curve of soil after 7 days

The Unconfined Compressive Strength ValuSaf is 0.217MPa.
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After 28 days of curing

0.3

0.25

0.2

0.15

0.1

Axial Stress(MPa)

0.05

Stress-Strain Curve

0.02 0.04 0.06 0.08 0.1 0.12

Axial Strain (%)

=—@—stress-strain curve

Fig 4.7 Stress strain curve of soil after 28 days

The Unconfined Compressive Strength Value afiS®.284MPa.

4.2 Engineering Propertiesof Various Mixes

Table 4.8 Mix Designation

Mix Soil (%) Silica Fume(%) Cement(%)
MO 100 0 0
M1 100 0 3
M2 10C 0 5
M3 10C 0 7
M4 100 3 0
M5 100 3 3
M6 100 3 5
M7 100 3 7
M8 10C 5 0
M9 10C 5 3
M10 100 5 5
M11 100 5 7
M12 100 7 0
M13 100 7 3
M14 100 7 5
M15 I I

The % of silica fume and cement is in by weightiadd to soil.
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4.2.1 Engineering Propertiesof M1
4.2.1.1 Specific Gravity of M1 is 2.720

4.2.1.2 Consistency Limits

LL

40
35 <

g 3 N
g 25
=
§ 20 \0
= 15
[J]
= 10 ¢LL
=

5

0

1 10 100
No.of blows

Fig 4.8 Liquid Limit Curve of M1
The Liquid Limit of M1 is 28.20.
The Plastic Limit of M1 is 23.%4

P.1=4.46.

4.2.1.3 Results of Proctor Compaction Test

16.8
16.7
16.6
16.5
16.4
16.3
16.2 @ soil with 3% cement
16.1

16

Dry density(kN/m3)

0 10 20 30

Water Content(%)

Fig 4.9 Relation between Dry signand Water Content of M1
O.M.C of M1 is 17.20%.

M.D.D of M1 is 16.64 kNfm
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4.2.1.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

Stress-Strain Curve

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

== stress-strain curve for
soil with 3%cement

Axial Stress(MPa)

0 0.02 0.04 0.06 0.08

Axial Strain (%)

Fig 4.10 Stress strain curve of M1 after 1 day
The Unconfined Compressive Strengthu¥af M1 is 0.183MPa.

After 7 days of curing

Stress-Strain Curve
0.25

0.2
0.15

0.1 == stress-strain curve for

soil with 3%cement

Axial Stress(MPa)

0.05

0 0.02 0.04 006 0.08 01

Axial Strain(%)

Fig 4.11 Stress strain curve of M1 after 7 day

The Unconfined Compressive Strengitu® of M1 is 0.237MPa.
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After 28 days of curing

Stress-Strain Curve
0.3

0.25
0.2
0.15

0.1 —@—stress-strain curve

Axial Stress(MPa)

0.05

0 0.02 0.04 0.06 0.08 0.1 0.12

Axial Strain(%)

Fig 4.12 Stress strain curve of M1 after 28 day

The Unconfined Compressive Strength Valu®lbfis 0.309MPa.

4.2.2Engineering Propertiesof M2
4.2.2.1 Specific Gravity of M2 is 2.728.
4.2.2.2 Consistency Limits

LL

45
40

35 ~

30 e

25 ™
20 At

15
10

=l

Water Content(%)

1 10 100

No.of blows

Fig 4.13 Liquid limit Curve of M2
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The Liquid Limit of M2 is 31.20 %.
The Plastic Limit of M2 is 26.14 %.

P.1=5.06.

4.2.2.3 Results of Proctor Compaction Test

15.9
15.85
15.8
15.75
15.7
15.65
15.6
15.55
15.5

*

@ soil with 5% cement

Dry density(KN/m3)

0 10 20 30

Water Content(%)

Fig 4.14 Relation between Dry density and Watert€anof M2
0.M.C of M2 is 20.80%
M.D.D of M2 is 15.84 kN/m
4.2.2.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

Stress-Strain Curve
0.25
0.2
0.15

N .
0 —@—stress-strain curve for

0.05 soil with 5% cement

Axial Stress(MPa)

0 0.02 0.04 0.06 0.08

Axial Strain(%)

Fig 4.15 Stress strain curve of M2 after 1 day

The Unconfined Compressive Strienglue of M2 is 0.194MPa.
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After 7 days of curing

Stress-Strain Curve
0.3
0.25
0.2

0.15

0.1 —@—stress-strain curve for
soil with 5%cement

Axial Stress(MPa)

0.05

0 0.02 0.04 006 0.08 01

Axial Strain(%)

Fig 4.16 Stress strain curve of M2 after 7 day

The Unconfined Compressive Strength ¥afiM?2 is 0.249MPa.

After 28 days of curing

Stress-Strain Curve

0.35
0.3
0.25
0.2

0.15 .
—&—stress-strain curve for

0.1 soil with 5%cement
0.05

Axial Stress(MPa)

0 0.05 0.1 0.15

Axial Strain(%)

Fig 4.17 Stress strain curve of M2 after 28 day

The Unconfined Compressive Strengtu® of M2 is 0.317MPa.
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4.2.3Engineering Propertiesof M3

4.2.3.1 Specific Gravity of M3 is 2.728

4.2.3.2 Consistency Limits

LL

45 «
40
35 AN

30
25
20

15 ——LL
10

Water Content(%)

1 10 100

No.of blows

Fig 4.18 Liquid limit curve of M3
The Liquid Limit of M3 is 33.10 %.
The Plastic Limit of M3 is 28.42 %.

P.I=4.68.

4.2.3.3 Results of Proctor Compaction Test

15.35
15.3
15.25
15.2

15.15 @ soil with 5%silica fume
0,
15.1 and 5%cement

L 2

Dry density(KN/m3)

15.05

0 10 20 30 40

Water Content(%)

Fig 4.19 Relation between Dry density and Watert€atnof M3
O.M.C of M3 is 22.10%

M.D.D of M3 is 15.28 kNfm
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4.2.3.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

Stress-Strain Curve

0.25
T 02
2
a 0.15
g
& 01 —@—stress-strain curve for
.E“ soil with 7% silica
-] 0.05 fume

0

0 0.02 0.04 0.06 0.08

Axial Strain(%)

Fig 4.20 Stress st@inve of M3 after 1 day
The Unconfined Compressive Strengthu¥af M3 is 0.209MPa.

After 7 days of curing

Stress-Strain Curve
0.3
0.25
0.2

0.15

0.1 —@—stress-strain curve for
soil with7%cement

Axial Stress(MPa)

0.05

0 0.02 0.04 006 008 01

Axial strain (%)

Fig 4.21 Stress strain curve of M3 after 7 day

The Unconfined Compressive Strengitue of M3 is 0.264MPa.
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After 28 days of curing

Stress-Strain Curve

0.35
0.3
0.25
0.2
0.15
0.1
0.05

—@—stress-strain curve for
soil with 7% cement

Axial Stress(MPa)

0 0.05 0.1 0.15

Axial Strain (%)

Fig 4.22 Stress strain curve of M3 after 28 day

The Unconfined Compressive Strenggtu® of M3 is 0.339MPa.

4.2.4 Engineering Properties of M4
4.2.4.1 Specific Gravity of M3 is 2.691

4.2.4.2 Consistency Limits

LL

40

35 \

30

. AN
20

15
10

Water Content(%)

1 10 100

Fig 4.23 Liquid Limit Curve of M4
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The Liquid Limit of M4 is 27.30 %.
The Plastic Limit of M4 is 23.24%.

P.1=4.16.

4.2.4.3 Results of Proctor Compaction Test

16.7
16.6
16.5
16.4

16.3 & soil with

16.2 3%silica
16.1 fume

16
15.9

Dry density(KN/m3)

0 10 20 30

Water Content(%)

Fig 4.24 Relation between Dry density and Watert€uatnof M4
O.M.C of M4 is 16.40%
M.D.D of M4 is 16.58 kN/mn

4.2.4.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

Stress-Strain Curve

0.2

& 015

2

a

@ 01

& .

= —@—stress-strain curve for

3 0.05 soil with 3%silica fume
0

0 0.02 0.04 0.06 0.08

Axial Strain (%)

Fig 4.25 Stress strain curve of M4 after 1 day

The Unconfined Compressive Stteidplue of M4 is 0.179MPa.
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After 7 days of curing

Stress-Strain Curve

0.25
—~ 0.2
(o)
s
E— 0.15
g
n 01 —@—stress-strain curve for
s soil with 3%silica fume

after 7 days
é 0.05 fter 7d
0

0 0.02 0.04 0.06 0.08 01

Axial Strain (%)

Fig 4.26 Stress strain curve of M4 after 7 day

The Unconfined Compressive Strenglue of M4 is 0.233MPa.

After 28 days of curing

Stress-Strain Curve

0.35
03
0.25
0.2
0.15 —&—stress-strain curve for

01 soil with 3%silica fume
after 28 days

Axial stress(MPa)

0.05

0 0.05 0.1 0.15

Axial Strain(%)

Fig 4.27 stress strain curve of M4 after 28 day

The unconfined Compressive gjtiewvalue of M4 is 0.305MPa.
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4.2.5 Engineering Propertiesof M5

4.2.5.1 Specific Gravity of M5 is 2.702

4.2.5.2 Consistency Limits

LL

45
40

35 ’\
2s X

20
15
10 ——Linear (LL)

¢ LL

Water Content(%)

1 10 100

No.of blows

Fig 4.28 Liquid Limit Curve of M5
The Liquid Limit of M5 is 29.60 %.
The Plastic Limit of M5 is 25.46%.

P.1=4.14.

4.2.5.3 Results of Proctor Compaction Test

16.2
16.15
16.1
16.05
16

15.95 —— Poly. (soil with 3%silica
fume and 3%cement)

Dry density(KN/m3)

15.9
15.85

15.8
0 10 20 30

Water Content(%)

Fig 4.29 Relation between Dry density and Watert€anof M5
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O.M.C of M5 is 18.20%
M.D.D of M5 is 16.18 kNfm

4.2.5.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

Stress-Strain Curve
0.2

0.15

0.1
—@—stress-strain curve for
P,

0.05 soil with 3% silica
fume and cement

Axial Stress(MPa)

0 0.02 0.04 0.06 0.08

Axial Strain (%)

Fig 4.30 Stress strain curve of M5 after 1 day
The Unconfined Compressive Strenglue of M5 is 0.187MPa.

After 7 days of curing

Stress-Strain Curve
0.3
0.25
0.2

0.15
—@—stress-strain curve for
0.1 soil with 3%silica fume
and cement
0.05

Axial Stress(MPa)

0 0.02 0.04 0.06 008 01

Axial Strain (%)

Fig 4.31 Stress strain curve of M5 after 7 day

The Unconfined Compressive Sjtervalue of M5 is 0.241MPa.
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After 28 days of curing

Stress-Strain Curve

0.35
0.3
0.25
0.2
0.15 —o—stress-strain curve for

0.1 soil with 3% silica fume
and cement

Axial Stress(MPa)

0.05

0 0.05 0.1 0.15

Axial strain (%)

Fig 4.32 Stress strain curve of M5 after 28 day

The Unconfined Compressive Strenggtu® of M5 is 0.313MPa.

4.2.6 Engineering Properties of M6
4.2.6.1 Specific Gravity of M6 is 2.710

4.2.6.2 Consistency Limits

LL

45
35 \0\
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Water Content(%)

1 10 100
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Fig 4.33 Liquid Limit Curve of M6
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The Liquid Limit of M6 is 31.20 %.
The Plastic Limit of M6 is 27.10%.

P.1=4.1.

4.2.6.3 Results of Proctor Compaction Test

15.95
15.9 ¢
15.85 ¢

15.8

15.75 @ soil with 3%silica fume
’ and 5%cement

Dry density(KN/m3)

15.7

15.65
0 10 20 30 40

Water Content(%)

Fig 4.34 Relation between Dry density and Watert€anof M6
O.M.C of M6 is 19.40%
M.D.D of M6 is 15.88kN/in
4.2.6.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

Stress-Strain Curve

0.25
T 02
2
§ 0.15
5 0.1 —@—stress-strain curve for
.E“ soil with 3%silica fume
< 0.05 and 5% cement

0

0 0.02 0.04 0.06 0.08

Axial strain (%)

Fig 4.35 Stress strain curve of M6 after 1 day

The Unconfined Compressive 18ite Value of M6 is 0.202MPa.
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After 7 days of curing

Stress-Strain Curve
0.3
0.25
0.2

0.15
—&—stress-strain curve for
0.1 soil with 3% silica fume
0,
0.05 and 5% cement

Axial Stress(MPa)

0 0.02 0.04 006 008 01

Axial Strain (%)

Fig 4.36 stress strain curve of M6 after 7 day

The unconfined Compressive strengthe of M6 is 0.256MPa.

After 28 days of curing

Stress-Strain Curve

0.4
0.35
0.3
0.25

0.2
0.15 —@—stress-strain curve for
’ soil with 3% silica fume
and 5% cement

Axial Stress(MPa)

0.1
0.05

0 0.05 0.1 0.15

Axial Strain (%)

Fig 4.37 Stress strain curve of M6 after 28 day

The Unconfined Compressive Strienglue of M6 is 0.339MPa.
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4.2.7 Engineering Propertiesof M7
4.2.7.1 Specific Gravity of M7 is 2.718

4.2.7.2 Consistency Limits

40
35 .\\

30 X
25

20
15
10

oLL

Water Content(%)

1 10 100

No.of blows

Fig 4.38 Liquid Limit Curve of M7
The Liquid Limit of M7 is 30.40 %.
The Plastic Limit of M7 is 26.34 %.

P.1=4.06.

4.2.7.3 Results of Proctor Compaction Test

15.45

15.4

15.35

15.3

@ soil with 3%silica fume

15.25 and 7%cement

Dry density(KN/m3)

15.2

15.15
0 10 20 30 40

Water Content(%)

Fig 4.39 Relation between Dry density and Watert€anof M7

JAY SHANKER(2K12/GTE/08) Page 46



O.M.C of M7 is 21.20%

M.D.D of M7 is

4.2.7.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

15.43kN/n

0.25

0.2

0.15

0.1

Axial Stress(MPa)

0.05

Stress-Strain Curve

—@—stress-strain curve for

o

0.02 0.04 0.06 0.08

Axial Strain (%)

soil with 3% silica
fume and 7% cement

Fig 4.40 Stress strain curve of M7 after 1 day

The Unconfined Compressive Strefdghue of M7 is 0.221MPa.

After 7 days of curing

0.3
0.25
0.2
0.15

0.1

Axial Stress(MPa)

0.05

Stress-Strain Curve

—@—stress-strain curve for

0 0.02

0.04 0.06 0.08 01

Axial Strain (%)

soil with 3% silica fume
and 7% cement

Fig 4.41 Stress strain curve of M7 after 7 day

The Unconfined Compressive Strengilue of M7 is 0.280MPa.
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After 28 days of curing

Stress-Strain Curve

0.45
0.4
0.35
0.3
0.25

0.2 =@ stress-strain curve for
0.15 soil with 3% silica fume
0.1 and 7% cement
0.05

Axial Stress (MPa)

0 0.05 0.1 0.15

Axial Strain (%)

Fig 4.42 Stress strain curve of M7 after 28 day

The Unconfined Compressive Streighue of M7 is 0.402MPa.

4.2.8 Engineering Propertiesof M8
4.2.8.1 Specific Gravity of M8 is 2.680

4.2.8.2 Consistency Limits

LL

50
2 LY

35 \\‘

30

25 X

20 \
15 \0

10

Water Content(%)

1 10 100
No.Of blows

Fig 4.43 Liquid Limit Curve of M8
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The Liquid Limit of M8 is 30.10 %.
The Plastic Limit of M8 is 25.63%.

P.1=4.47.

4.2.8.3 Results of Proctor Compaction Test

15.9
¢
15.8
15.7
15.6

15.5 # soil with 5% silica fume

Dry density(kN/m3)

154

15.3

0 10 20 30

Water Content(%)

Fig 4.44 Relation between Dry density and Watert€atnof M8
O.M.C of M8 is 20.20%

M.D.D of M8 is 15.82kN/in

4.2.8.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

Stress-Strain Curve
0.25
T 02
2
@ 0.15
g
a 01 —@—stress-strain curve for
.7;2 soil with 5% silica
& 0.05 fume
0
0 0.02 0.04 0.06 0.08
Axial Strain (%)

Fig 4.45 Stress strain curve of M8 after 1 day

The Unconfined Compressive Streigue of M8 is 0.191MPa.
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After 7 days of curing

Stress-Strain Curve
0.3
0.25
0.2

0.15

0.1 —@—stress-strain curve for
soil with 5% silica fume

Axial Stress(MPa)

0.05

0 0.02 0.04 006 008 01

Axial Strain (%)

Fig 4.46 Stress strain curve of M8 after 7 day

The Unconfined Compressive Streighue of M8 is 0.245MPa.

After 28 days of curing

Stress-Strain Curve

0.35
0.3
0.25
0.2

0.15 .
—@—stress-strain curve for

0.1 soil with 5% silica fume
0.05

Axial Stress(MPa)

0 0.05 0.1 0.15

Axial Strain (%)

Fig 4.47 Stress strain curve of M8 after 28 day

The Unconfined Compressive Strelue of M8 is 0.313MPa.
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4.2.9 Engineering Propertiesof M9

4.2.9.1 Specific Gravity of M9 is 2.689

4.2.9.2 Consistency Limits

45

40

35

30

25

20

15

Water Content(%)

10

——I|

10

No.of blows

100

The Liquid Limit of M9 is 31.80 %.

The Plastic Limit of M9 is 27.14 %.

P.I=4.66.

Fig 4.48 Liquid Limit Curve of M9

4.2.9.3 Results of Proctor Compaction Test

15.55
15.5
15.45
15.4
15.35
15.3

Dry densitykN/m?3)

15.25
15.2
15.15

@ soil with 5% silica fume
and 3%cement

10 20

Water Content(%)

30

Fig 4.49 Relation between Dry density and Watert€anof M9
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O.M.C of M9 is 21.40%
M.D.D of M9 is 15.5 kN/n
4.2.9.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

Stress-Strain Curve
0.25
T 02
[-9
=
% 0.15
17}
g
01 —4—stress-strain curve for
.T>_: soil with 5% silica
< 0.05 fume and 3% cement
0
0 0.02 0.04 0.06 0.08
Axial Strain (%)

Fig 4.50 Stress strain curve of M9 afteay d
The Unconfined Compressive Sjtervalue of M9 is 0.198MPa.

After 7 days of curing

Stress-Strain Curve
0.3
0.25
0.2

0.15
—@—stress-strain curve for

0.1 soil with 5% silica fume
and 3% cement

Axial Stress(MPa)

0.05

0 0.02 0.04 006 0.08 01

Axial Strain (%)

Fig 4.51 Stress strain curve of M9 aftelay

The Unconfined Compressive Sjteivalue of M9 is 0.252MPa.
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After 28 days of curing

Stress-Strain Curve

0.35
0.3
0.25
0.2
0.15 —&—stress-strain curve for

0.1 5% silica fume and 3%
cement

Axial Stress(MPa)

0.05

0 0.05 0.1 0.15

Axial strain (%)

Fig 4.52 Stress strain curve of M9 after 28 day

The Unconfined Compressive Streigue of M9 is 0.323MPa.

4.2.10 Engineering Properties of M10
4.2.10.1 Specific Gravity of M10 is 2.698

4.2.10.2 Consistency Limits
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40 *

30
25
20

15 ——LL
10

water Content(%)

1 10 100
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Fig 4.53 Liquid Limit Curve of M10
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The Liquid Limit of M10 is 33.20 %.
The Plastic Limit of M10 is 29.02%.

P.1=4.18.

4.2.10.3 Results of Proctor Compaction Test

15.35
\ 4
15.3

15.25

15.2

@ soil with 5%silica fume
15.15
and 5%cement

Dry density(kN/m3)

15.1

15.05

0 10 20 30 40

Water Content(%)

Fig 4.54 Relation between Dry density and Watert€aoinof M10
O.M.C of M10 is 22.20%

M.D.D of M10 is 15.31kN/m

4.2.10.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

Stress-Strain Curve

0.25
© 0.2
a
=
% 0.15
(7]
<
s 01 —&—stress-strain curve for
s soil with 5% silica
Z 0.05 fume and 5% cement
0

0 0.02 0.04 0.06 0.08

Axial Strain (%)

Fig 4.55 Stress strain curve of M10 after 1 day

The Unconfined Compressive Sttlenglue of M10 is 0.228MPa.
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After 7 days of curing

Stress-Strain Curve

0.35
0.3
0.25
0.2

0.15 —@—stress-strain curve for
0.1 soil with 5% silica fume
and 5% cement
0.05

Axial Stress(MPa)

0 0.02 0.04 006 008 0.1

Axial Strain (%)

Fig 4.56 Stress strain curve of M10 after 7 day

The Unconfined Compressive Streighue of M10 is 0.292MPa.

After 28 days of curing

Stress-Strain Curve

0.45
0.4

0.35
0.3

0.25
0.2 —&—stress-strain curve for

0.15 soil with 5% silica fume
0.1 and 5% cement

0.05
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0 0.05 0.1 0.15
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Fig 4.57 Stress strain curve of M10 after 28 day

The Unconfined Compressive Strengitue of M10 is 0.415MPa.
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4.2.11 Engineering Propertiesof M11

4.2.11.1 Specific Gravity of M11 is 2.706
4.2.11.2 Consistency Limits

LL

45
40
35
30
25
20

15 ——LL
10

Water Content(%)

1 10 100

No.of blows

Fig 4.58 Liquid Limit Curve of M11
The Liquid Limit of M11 is 32.40 %.
The Plastic Limit of M11 is 28.3%.

P.1=4.1.

4.2.11.3 Results of Proctor Compaction Test

15
14.95
14.9 /9
14.85
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14.75 @ soil with 5%silica fume
and 7% cement

Dry density(kN/m3)

14.7
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14.6
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Water Content(%)

Fig 4.59 Relation between Dry density and Watert€atnof M11
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O.M.C of M11 is 24.80%

M.D.D of M11 is 14.95 kN7m

4.2.11.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

0.25

0.2

0.15

0.1

Axial Stress(MPa)

0.05

Stress-Strain Curve

—@—stress-strain curve for

o

0.02 0.04 0.06 0.08

Axial Strain (%)

soil with 5% silica
fume and 7% cement

Fig 4.60 Stress strain curve of M11 after 1 day

The Unconfined Compressive 18ite Value of M11 is 0.232MPa.

After 7 days of curing

0.35
0.3
0.25
0.2
0.15
0.1
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Axial Stress(MPa)

Stress-Strain Curve

—@— stress-strain curve for
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soil with 5% silica fume
and 7% cement

Fig 4.61 Stress strain curve of M11 after 7 day

The Unconfined Compressive 1&ite Value of M11 is 0.296MPa.
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After 28 days of curing

Stress-Strain Curve

0.45
0.4
0.35
0.3
0.25

0.2 =@ stress-strain curve for
0.15 soil with 5% silica fume
0.1 and 7% cement
0.05

Axial Stress(MPa)

0 0.05 0.1 0.15

Axial Strain (%)

Fig 4.62 Stress strain curve of M11 after 28 day

The Unconfined Compressive Strengfu¥ of M11 is 0.418MPa.

4.2.12Engineering Propertiesof M 12
4.2.12.1 Specific Gravity of M12 is 2.668
4.2.12.2 Consistency Limits
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Fig 4.63 Liquid Limit Curve of M12
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The Liquid Limit of M12 is 32.20 %.
The Plastic Limit of M12 is 27.32%.

P.1=4.88.

4.2.12.3 Results of Proctor Compaction Test

14.6
14.5
14.4
14.3
14.2
14.1

14
13.9

Dry density(kN/m3)

0 10 20 30

Water Content(%)

—— Poly. (soil with 7%
silica fume)

Fig 4.64 Relation between Dry density and Watert€ainof M12

O.M.C of M12 is 21.60%

M.D.D of M12 is 14.51kN/m

4.2.12.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

Stress-Strain Curve
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Fig 4.65 Stress strain curve of M12 after 1 day

The Unconfined Compressive Strengthu¥af M12 is 0.194MPa.
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After 7 days of curing

Stress-Strain Curve
0.3
0.25
0.2

0.15

0.1 —@—stress-strain curve for
soil with 7% silica fume

Axial Stress(MPa)

0.05

0 0.02 0.04 006 008 01

Axial Strain (%)

Fig 4.66 Stress strain curve of M12 after 7 day

The Unconfined Compressive Streigiue of M12 is 0.248MPa.

After 28 days of curing

Stress-Strain Curve
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Fig 4.67 Stress strain curve of M12 after 28 day

The Unconfined Compressive Strengifu¥ of M12 is 0.319MPa.
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4.2.13 Engineering Properties of M 13

4.2.13.1 Specific Gravity of M13 is 2.691
4.2.13.2 Consistency Limits
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Fig 4.68 Liquid Limit Curve of M13
The Liquid Limit of M13 is 34.10 %.
The Plastic Limit of M13 is 29.06%.

P.1=5.04.

4.2.13.3 Results of Proctor Compaction Test

14.15
14.1
14.05
14
——Poly. (soil with 7%
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cement)
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Fig 4.69 Relation between Dry density and Watert€atnof M13
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O.M.C of M13 is 23.20%

M.D.D of M13 is 14.13kN/m

4.2.13.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

Stress-Strain Curve
0.25
0.2
0.15

0.1 —@—stress-strain curve for
soil with 7% silica
fume and 3% cement

Axial Stress(MPa)

0.05

o

0.02 0.04 0.06 0.08
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Fig 4.70 Stress strain curve of M13 after 1 day
The Unconfined Compressive Sttefplue of M13 is 0.232MPa.

After 7 days of curing

Stress-Strain Curve
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Fig 4.71 Stress strain curve of M13 after 7 day

The Unconfined Compressive Stteplue of M13 is 0.304MPa.
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After 28 days of curing

Stress-Strain Curve

0.45
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0.2 =@ stress-strain curve for
0.15 soil with 7% silica fume
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Fig 4.72 Stress strain curve of M13 after 28 day

The Unconfined Compressive Strefghue of M13 is 0.427MPa.

4.2.14 Engineering Properties of M 14
4.2.14.1 Specific Gravity of M14 is 2.687
4.2.14.2 Consistency Limits
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Fig 4.73 Liquid Limit Curve of M14
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The Liquid Limit of M14 is 33.60 %.
The Plastic Limit of M14 is 28.61%.

P.1=4.99.

4.2.14.3 Results of Proctor Compaction Test

14
1395 ¢
ME o
> 139
=3
2 13.85
g —— Poly. (soil with
'g 13.8 7%silica fume and
8 5%cement)
13.75
13.7
0 10 20 30
Water Content(%)

Fig 4.74 Relation between Dry density and Watert€atnof M14
0.M.C of M14 is 24.80%
M.D.D of M14 is 13.96kN/m

4.2.14.4 Unconfined Compressive Strength (UCS)

After 1 days of curing

Stress-Strain Curve
0.3
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—@—stress-strain curve for
0.1 soil with 7% silica
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Fig 4.75 Stress strain curve of M14 after 1 day

The Unconfined Compressive Strenglue of M14 is 0.245MPa.
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After 7 days of curing

Stress-Strain Curve
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0.15 —@—stress-strain curve for
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Fig 4.76 stress strain curve of M14 after 7 day

The Unconfined Compressive Stremgilne of M14 is 0.316MPa.

After 28 days of curing

stress-strain curve
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Fig 4.77 Stress strain curve of M14 after 28 day

The Unconfined Compressive Strengitue of M14 is 0.442MPa.
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4.2.15 Engineering Properties of M 15

4.2.15.1 Specific Gravity of M15 is 2.694

4.2.15.2 Consistency Limits

50
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100

The Liquid Limit of M15 is 32.40 %.

The Plastic Limit of M15 is 27.86%.

P.1=4.54.

Fig 4.78 Liquid Limit Curve of M15

4.2.15.3 Results of Proctor Compaction Test
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Fig 4.79 Relation between Dry density and Watert€atnof M15
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O.M.C of M15 is 26.20%

M.D.D of M15 is 13.68 kN7m

4.2.15.4 Unconfined Compressive Strength (UCS)

After 1 days of curing
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Fig 4.80 Stress strain curve of M15 after 1 day

The Unconfined Compressive Strenglue of M15 is 0.252MPa.

After 7 days of curing
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Fig 4.81 Stress strain curve of M15 after 7 day

The Unconfined Compressive Strengitue of M15 is 0.308MPa.
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After 28 days of curing

Stress-Strain Curve
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Fig 4.82 Stress strain curve of M15 after 28 day

The Unconfined Compressive Strengtlu®¥@ of M15 0.434MPa.

Pictire UCS Test Samples
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Pict@¢-ailure of Sample
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Picture 9 Fadlirattern of Sample

Pictdr@ Failure Pattern of Sample
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4.3 Compilation of Results

Table 4.9 Variation of Engineering Properties dfetent Mixes

MIX| G | LL | PL | Pl |OM.C|M.D.D. UCS (M Pa)
(%) |(%) |(%)| (%) |kN/m® |1 day|7 day|28
MO |2.706] 25.80|21.45|4.35/13.80 | 17.78 | 0.1720.217 gézy84
M1 |2.720| 28.20|23.74|4.46]/16.80 | 16.92 | 0.1830.237/0.309
M2 |2.728/31.20/26.14/5.06/18.20 | 16.46 | 0.1940.249|0.317
M3 |2.73533.10/28.42/4.68/20.80 | 16.04 | 0.2090.264|0.339
M4 |2.691 27.30/23.24/4.16/16.40 | 16.58 | 0.1790.233|0.305
M5 |2.702| 29.60| 25.46|4.14] 18.30 | 16.18 | 0.1870.241|0.313
M6 |2.710/31.30/27.10/4.10/19.40 | 15.88 | 0.2020.256/0.339
M7 |2.718/30.40|26.34/4.06/21.20 | 15.43 | 0.2210.280|0.402
M8 |2.680 30.10| 25.63|4.47|20.20 | 15.82 | 0.1910.245/0.313
M9 |2.689 31.80|27.14|4.66]21.40 | 15.50 | 0.1980.252(0.323
M10 | 2.698| 33.20| 29.02(4.18] 22.20 | 15.31 | 0.2280.292(0.415
M11 | 2.706| 32.40| 28.30/ 4.10/24.80 | 14.95 | 0.23P0.296|0.418
M12 | 2.668|32.20| 27.32/4.88/21.60 | 14.51 | 0.1940.248|0.319
M13 | 2.680| 34.10| 29.06| 5.04|23.20 | 14.13 | 0.2300.304/0.427
M14 | 2.687| 33.60| 28.61|4.99]24.80 | 13.96 | 0.2450.316|0.442
M15 | 2.694] 32.40| 27.86| 4.54/ 26.20 | 13.68 | 0.2520.308|0.434
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4.4 Discussion

4.4.1 Effectson Specific Gravity by addition of Silica Fume and Cement
with Soil.

The effect of silica fume with cement content ora@fic gravity of soil samples is presented
in Fig.4.83 which shows that as the cement conitgreases, the specific gravity of soil
increases.The specific gravity of any material aejseon its mineralogical composition.The
specific gravity of soil is 2.706 ,which is blendedth various percentages of silica fume
with specific gravity 2.23 and cement with specgravity 3.15.This is why with the increase
in cement content in the mixture the overall speagravity of the mix increases. This
indicates that the Soil-Silica Fume mixture is tghthan that of the natural conditions

because the Silica Fume and Cement fills the Vioedween soil particles.

2.74
2.73 —
2.72 /
2.71
27 / == 0% silica fume

2.69 X ——3% silica fume
2.68 / 5% silica fume
| / ——=7% silica fume

2,67
2.66

Specific Gravity

Cement Content(%)

Fig 4.83 Variationsgecific gravity of different mixes

4.4.2 Effect on Consistency Limits by addition of Silica Fume and Cement
with Soail.

The effects of silica fume and cement on the comsty limits are given in Fig.4.84 to
Fig.4.87. Liquid limit and Plastic limit values ebil samples with 0% silica fume increases
on increasing cement content.However Liquid andtRidimits of soil samples with 3%
silica fume and 5% silica fume increases with iasieg cement content (upto 5%) then
decreases on increasing cement content for all ssoiiples.But the changes in plasticity
index is almost negligible.Liquid limits and Plastimits values for soil samples with 7 %

silica fume increases with increasing cement catueto 3%) then decreases on increasing
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cement content.The reason for the above changededuye to type of soils and amount of

silicate clay mineral present in the soil samples associated exchangeable cat-ions .

0% silica fume
35
30
25
20
—o—liquid limit

15
=fl—plastic limit

Water Content(%)

10 plasticity index

0 2 4 6 8

Cement Content(%)

Fig 4.84 Variation of Consistency Limit of Soil xais with 0% Silica Fume

3% silica fume
35

30
25
20
=—&—liquid limit

15
plastic limit

Water Content(%)

10 =>¢=plasticity index

Cement Content(%)

Fig 4.85 Variation of Consistency Limit of Soil mixes wit#3Silica Fume
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5% silica fume

35
30
25

20
15 =—&—liquid limit

Water Content(%)

10 —fl—plastic limit

5 plasticity index

Cement Content(%)

Fig 4.86 Variation of Consistency Limit of Soil wi6% Silica Fume

7% silica fume
40

35 - N

30 S g — =
25

20
15

10
5 plasticity index

== liquid limit
=l plastic limit

Water Content(%)

Cement Content(%)

Fig 4.87 Variation of Consistency Limit of Soil Wi7% Silica Fume

4.4.3 Effect on Compaction Parameter s by addition of Silica Fume and
Cement with Soil.

Fig.4.88 and Fig.4.89 shows the variation of optimumoisture content and
maximum dry density values of soil samples on aaldiof silica fume and cement.
From the fig it is observed that O.M.C of soil ieases whereas MDD of soil mixes

decreases by adding silica fume and cement atifidlreht percentages. There is

JAY SHANKER(2K12/GTE/08) Page 74



increase in O.M.C of soil mixes may be due to thereaase in surface area of
composite soil mixes. The fineness of cement alchdume is much more higher
as compared to that of soil.There is change insilace area and particle size
distributionof soil mixes by adding silica fume aceiment.The decrease in MDD of
soil mixes on addition of silica fume and cemerdug to the fact thatit fills the void

of the soil mixes..

27

25
23

Optimum Moisture Content(%)

19 W 5% silica fume

17 7% silica fume
X 0%silica fume

15

13

0 1 2 3 4 5 6 7 8
Cement Content(%)
Fig 4.88 Variation of OMC for different mixes
19
18

17 \\\
o it
16 —9—0% silica fume

=l—3% silica fume

Maximum Dry Density(KN/m?3)

15 5% silica fume
\X\\( =>=7% silica fume
14
13
0 2 4 6 8
Cement Content(%)

Fig 4.89 Variation of MDD for different mixes
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4.4.4 Effect on Unconfined Compressive Strength by addition of Silica
Fume and Cement with Soil

The effects of silica fume and cement contentshenunconfined compressive strength for
silty soil samples are presented in Fig.90 to Bg.Be unconfined compressive strength of
soil samples with 0%and 3% silica fume significanihcreases with increasing cement
content from 0% to 7% (increases from 0.172MPa t820MPa after 1 days of

curing,0.217MPa to 0.280MPa after 7 days of cuand 0.284 MPa to 0.402 MPa after 28
days of curing). The unconfined uompressive sttemdtsoil samples with 5% silica fume

increases with increasing cement content from 0% %o (increases from 0.191MPa to
0.232MPa after 1 days of curing,0.245MPa to 0.298MRer 7 days of curing and 0.305
MPa to 0.418 MPa after 28 days of curing). Theomfioed compressive strength of soil
samples with 7% silica fume increases with incregstement content from 0% to 3%
(increases from 0.194MPa to 0.232 MPa after 1 daysiring,0.248MPa to 0.304 MPa after
7 days of curing and 0.319 MPa to 0.427 MPa afterd@ys of curing). After that, the

unconfined compressive strength is minutely changedncreasing cement content. The
maximum unconfined compressive strength of thg sitil samples is found to be at the 7%
silica fume and 5 % cement content.The incremernhénunconfined compressive strength
may be because of the internal friction of cemet silica fume particles and also due to the
chemical reaction took place between cement and Asithere is increase in content of

cement and silica fume in soil samples the soibbees more brittle that the plain soil.

0% silica fume
0.4
0.35
__ 03
;‘EE 0.25 O e ]
e 0.2 e e——e—=C — —o—1 day
O 0.15
2 0.1 —I—7day
0.05 28 day
0
0 2 4 6 8
Cement Content(%)

Fig 4.90 Variation of UCS of soil mixes with 0%isd fume
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3% silica fume
0.422
0.372
T 0322
= ——1
S 0272 day
S —m—7 day
0.222
——28 day
0.172
0 1 2 3 4 5 6 7 8
Cement Content(%)
Fig 4.91 Variation of UCS of soil mixes with 3%isd fume
5% silica fume
0.472
0.422
T 0372
S
5 0.322 —o—1day
S 0272 =7 day
0.222 —a28 day
0.172
0 1 2 3 4 5 6 7 8
Cement Content(%)
Fig 4.92 Variation of UCS of soil mixes with 5%isd fume
7% silica fume
0.472
0.422
T 0372
2 0322
- —] —— —o—1 day
S 0272
=i—7 day
0.222 28 day
0.172
0 1 2 3 4 5 6 7 8
Cement Content(%)

Fig 4.93 Variation of UCS of soil mixes with 7%isd fume
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CHAPTERS

Conclusions and Recommendations for the Future Work
5.1 conclusions:-

According to the results obtained in above stuldg following conclusions are drawn:
(1) Adding cement and cement with silica fume decretis=snaximum dry density and

increases the optimum moisture content of the soil.

(2) The Atterberg limits i.e.liquid limit and plastimit increases on addition of cement

and cement with silica fume initially then decresasa further addition to the soil.

(3) The unconfined compressive strength of the soieiases significantly with increase

in cement content with silica fume especially aitdong curing period.

(4) However on addition of more cement(upto 5%) witltaifume(upto 7%) the
unconfined compressive strength of the soil dee®abhe unconfined compressive
strength of the soil on addition of 5% cement Wit silica fume(28 days of curing
peroid) increases from 0.319MPa to 0.442MPa.

(5) The optimal dose of silica fume was 7 % and thatemhent was 5 % to be added with

soil to get an improvement of 55 % UCS value.

5.2 Recommendations for Futurework:-

(1) The XRD and SEM analysis of all the nsixeay be carried out to get a compositions
of various elements.

(2) The Triaxial test on each mixes may be coretlitd get the value of cohesion and
angle of internal friction for differentalnage condition.

(3) In order to use these mixes as a subgradeialdta the construction of road,CBR

test may be conducted to evaluate the stnesfghe road.
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(4) The tests for the hydraulic conductivitey be conducted to use these mixes for the
construction of dam/embankment.

(5) The swelling and consolidation behaviotithese mixes may be checked before
using them for the construction material.

(6) All the tests may be repeated for different comtiams and the material other than

cement and silica fume also.
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