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ABSTRACT

AN INVESTIGATION OF SWELLING BEHAVIOR OF RESIDUAL C LAY
IN GAZIANTEP KARATAS REGION

HALAVURT, Dogan
M.Sc. in Civil Eng.
Supervisor: Assoc. Prof. Dr. Hanifi CANAKCI
April 2010, 62 pages

In civil engineering, using all kinds of natural te@aals in constructions, such as
industrial buildings, railways, roads etc. is arportant and economical issue. From
this point of view, one of the main problems is tises of clayey materials, which
are known as being very sensitive to water contanations. It has been shown that
such materials e.g. clay can be the source of @t and long-term disorders in
road or railway structure, thus generating non igdgé maintenance costs. The
swelling of clays in constructions, mentioned ahas®ne of the phenomena related
to these disorders. Soil swelling deformationsraegnly depended on the following
parameters. The nature of soils (clay fractionsenalogy etc), dry density, water

content, and amount of water intake.

This proposed study focuses on effect of a afor¢ioeed parameters on swelling
behavior of Gaziantep residual soils in KaratasoregFor this study two samples
were taken. These regions are Karatas and Geapiafiversity Campus. Campus
sample was taken to compare the results with Keusdanples. Free swell and swell
pressure of soil will be determined in the labonatesing standard test procedures.

Keywords: clay, swell, swell pressure, water conten



OZET

GAZIANTEP KARATA S BOLGESINDEKI RESIDUAL K ILLER iNiN
SISME DAVRANI SLARININ INCELENMESI

HALAVURT, Dogan
Yiiksek Lisans Tezins Muh. Bolumi
Tez Yoneticisi: Dog. Dr. Hanifi CANAKCI
Nisan 2010, 62 sayfa

Insaat mihendisginde, yapilarda tim d@al malzeme cgtlerinin yapilarda
kullanilmasi oOrngin, endustriye binalar, demiryollari karayollarissonemli ve
ekonomik sorunlardir.. Bu noktadan bakd#idda, temel problemlerden biri su
muhtevasi varyasyonlarinda c¢ok hassas olarak hilidelli malzemelerin
kullanimidir. Bu da go6sterir ki, karayollari vendieyollarinda kisa ve uzun sureli
diuzensizliklerin kayna olabilensisen malzemelerin 6rigen kil, gbzardi edilemeyen
bakim maliyetleri dgurur. Yapilarda bu malzemelergismesi,bu dizensizliklere
bagli fenomenlerden biridir. Zemigisme deformasyonlari temel olarakagudaki
parametrelere @Ehdir, zeminin cinsi, kuru ygunluk, su muhtevasi ve icindeki su

miktari.

Bu calsma, Gaziantep Karatdo6lgesindeki residual killerinigisme davrarglarinin
onceden bahsedilen prametlerin etkileri tzerinellgagtir. Bu calsma icin iki
numune alinngtir. Bu boélgeler Karatave Gaziantep Universitesi Kampusudir.
Kampis numunesi KarataNumunesi ile kaglastiriimak igin alinmgtir. Zeminin
serbestisme vesisme basinci standart test prosedurleri kullanildadlaratuarlada

belirlenecektir.

Anahtar kelimeler; kilgsisme,sisme basinci, su muhtevasi
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CHAPTER 1

INTRODUCTION

1.1 General

Soils that exhibit volume change from variationssmil moisture are referred to
expansive or clayey soils. In case of a structasted on expansive soil ( which are
present in many parts of the world ) though aresetgal to have volumetric changes
in presence of water, because of its presence, viblisme increase (swell) is
prevented and as a consequence, leads to swellsgyse. This swelling pressure
has serious consequence in the form of crack astceds on the structures founded
on expansive soils. Lightweight structures are sdyeffected due to high swelling

pressure exerted by these soils.

For an engineered construction activity on expansiv expansive soils, the first step
Is to assess the degree of expansiveness andk#lg $welling pressure on the

structure. Swelling pressure is defined in manysivaryd is dependent on the testing
procedure. To assess the degree of swell, manyegwoes, both simple and

elaborate including laboratory methods of deterngnswell pressure have been
developed by geotechnical researchers and engineers

The understanding, modeling and prediction of axgon of clays with water and
other environmental fluids is an important issue tire field of geotechnical
engineering. The swelling response of montmoritnclay and corresponding
development of swelling pressure when swellingeistrained is a result of fairly
complex clay-water interactions between particled within the particles itself. A
lot of civil engineers are working hard for solutgoof swelling problems. Swelling
soils are dangerous for construction areas. Itesassil flood, hazards to buildings
etc. Construction industry has used tire particle®cent years especially to improve

the concrete and soil properties.



Changes in the moisture content of clay soils amegally accompanied by volume
changes. On moisture uptake there is generallyliamsmincrease and moisture loss
is accompanied by shrinkage Gillott, (1968). Expam®f soils is generally observed
in unsaturated clays which are of certain minerabigstructures (eg. Smectites ).
Such soil shave a high capacity of water absorptimms they absorb water
meanwhile their volume increase. Expansive sodgsganerally abundant in the arid
or semi-arid regions where the rate of evaporat®omuch higher than rate of
precipitation. In Turkey, climatic conditions of @eal Anatolia and Southeastern
Anatolia regions may favor the formation of suchlissoThere are many definitions
of expansive soils. Expansive soil is a term gdheepplied to any soil that has a
potential for shrinking and swelling under changmagisture conditions Nalbargiu
and Gucbilmez, (2002). An expansive soil will skriwhen water (or moisture)

content is reduced and will swell when the watertent increases.

As mentioned earlier, expansive soils swell wheregiaccess to water and shrink
when they dry out. The moisture may come from réionding, leaking water from
sewer lines or from reduction in surface evapoaason when an area is covered
by a building or pavement. Soils containing theyamineral montmorillonite (a
smectite) generally exhibit high swelling propestigvayne,(1984), Komine and
Ogata, (1996). There are many correlations thatiseéul for identifying potentially

expansive soils. It is also possible to identifgrthvisually.

Visual indications may be Wayne, (1984).

1- Wide and deep shrinkage cracks occurring dudiggperiods,
2- Soil is rock-hard when dry, but very stiff artccky when wet,
3- Damages on the surrounding structures due taresxpn of soil.

The swelling and shrinkage phenomenon dependswaradactors, including type
and amount of clay minerals and cations, moistusatent, dry density, soil
structure, and loading conditions Al- Rawas, (2002)

Expansive soils cause more damage to structurescydarly light buildings and

pavements, than any other natural hazard, includarthquakes and floods in USA.



Expansive soils are a worldwide problem that posegeral challenges for civil
engineers. They are considered a potential natazdrd, which can cause extensive
damage to structures if not adequately treated aM#s, (2002). The movement of
swelling may exert enough pressure to crack sidewdiyveways, basement floors,
pipelines and even foundations. Thus, it is verponant that studies be done in

order to limit the hazards caused by expansive soil

Gaziantep is the one of the biggest industrial mityrurkey and industry improves
from day to day. Construction on this residual s@ilses some disorders such as
settlement for better understanding of swellingawedr of Gaziantep residual clays.
This will be used to prevent source of short-ternd dong-term disorders on

structure. This way non negligible maintenancesoah be reduced or minimized.

In this thesis, two different type of soil were ds®ne of them was taken from

Karatas which is the new placement part of Gazmniiee other type of soil was

taken from Gaziantep University Campus. For eapk tyf soil five set of tests were

carried out to determine the free swell and sweadbpure. And then according to the
test results some additives such as lignin andemalsistic were added. The effects
of additives on free swell and swell pressure vodrgerved.

1.2 Aim and Objectives

This thesis is seeking to investigate the swellirbavior of Gaziantep residual clay.

The result of this thesis, we hope to find someitsmhs to reduce or minimize the

disorders about constructions.

The purpose of this thesis is to investigate thellsvg behavior of Gaziantep

residual clays and improve it by using some adelti



Objective of this study can be described as,

* To determine the free swell and swell pressure

* Adding some additives to reduce the swelling paenof clay

1.3 Organization of the Thesis

The thesis is divided into six chapters, whicharanged as follows.

General information about clay, properties and si&stion, formation, clay

structure, clayey soils etc., was given in chapter

Chapter 3 describes mechanism of swelling and fa@fiecting swelling on clayey

or expansive soil.

In chapter 4, how to measure swelling properties gdetermined. And odometer that

Is used to determine swelling and its apparatusexpkined.

The test results of free swell and swell pressiirth® samples taken from Karatas
and Gaziantep University Campus are presented d#edtse of additives also

presented.

In the last chapter, the conclusions drawn fronms thésearch work and the

recommendations for the future study are given.



CHAPTER 2

CLAY

Clay is common name for a number of fine-grainedhgamaterials. It become
plastic when it was wetted. Chemically, clays asglrbus aluminum silicates,
ordinarily containing impurities, e.g., potassiuspdium, calcium, magnesium, or

iron, in small amounts.

2.1. Prosperitiesand Classification

Properties of the clays include plasticity, shriggainder firing and under air drying,
fineness of grain, color after firing, hardnesd)esion, and capacity of the surface to
take decoration. On the basis of such qualitiegscdaie variously divided into classes
or groups; products are generally made from mistwfeclays and other substances.
The purest clays are the china clays and kaolBall ‘tlay” is a name for a group of
plastic, refractory (high-temperature) clays usathwther clays to improve their
plasticity and to increase their strength. Benemdre clays composed of very fine
particles derived usually from volcanic ash. Theg aomposed chiefly of the

hydrous magnesium-calcium-aluminum silicate catfexhtmorillonite.

Individual clay particles are always smaller tha®0d4 mm. Clays often form
colloidal suspensions when immersed in water, bet ¢clay particles flocculate
(clump) and settle quickly in saline water. Clays aasily molded into a form that
they retain when dry and they become hard andtlwee plasticity when subjected

to heat.

2.2. Formation

Clays are divided into two classes: residual daynd in the place of origin, and



transported clay, also known as sedimentary clypowed from the place of origin
by an agent of erosion and deposited in a new asdilply distant position. Residual
clays are most commonly formed by surface weatgerrhich gives rise to clay in
three ways by the chemical decomposition of rosksh as granite, containing silica
and alumina; by the solution of rocks, such as dtmee, containing clayey
impurities, which, being insoluble, are depabiés clay; and by the disintegration

chemical decomposition of feldspar.

Clay consists of a sheet of interconnected silicatenbined with a second sheet like
grouping of metallic atoms, oxygen, and hydroxginiing a two-layer mineral such
as kaolinite. Sometimes the latter sheet like simecis found sandwiched between
two silica sheets, forming a three-layer minerathsuas vermiculite. In the
lithification process, compacted clay layers carirbasformed into shale. Under the
intense heat and pressure that may develop in @gerd, the sale can be

metamorphosed into slate.

2.3. Clayey Sail

A clayey soil is though distinguished by the colanich it bears, namely black,
white, yellow and red, differs from all other soilseing tough, wet, and cold, and
consequently requiring a good deal of labor from flusbandman before it can be
sufficiently pulverized, or placed in a state farabing artificial crops of corn or

grass. Clay land is known by the following quastier properties.

It holds water like a cup, and once wetted doessoon dry. In like manner, when
thoroughly dry, it is not soon wetted; if we excéipe varieties which have a thin
surface, and are the worst of all to manage. Iryadmmer, clay cracks and shows a
surface full of small chinks, or openings. If pltwegl in a wet state, it sticks to the
plough like mortar, and in a dry summer, the plougims it up in great clods,

scarcely to be broken or separated by the heawakst.



2.4. Clay Structure

Clay minerals are hydrous aluminium phyllosilicates, sometimeish wariable

amounts of iron, magnesium, alkali metals, alkakagths and other cations. Clays
have structures similar to the micas and therefoma flat hexagonal sheets. Clay
minerals are common weathering products (includiregthering of feldspar) and
low temperature hydrothermal alteration productay@inerals are very common in
fine grained sedimentary rocks such as shale, mnédsand siltstone and in fine

grained metamorphic slate and phyllite.

Hydrated alumino-silicate weathered from feldspars.

(Si,Os) layer of SiQ* tetrahedrons joined at corners
AlIO(OH), layer of octahedral arrangement of O and OH arahed

Al

. Layers connected by“dons which are shared by the layers

. Substitutions of Mg for Al**in the AIO(OH) layer gives the layer an
overall negative charge.

. Charges balanced by cations that insert betweendaga’, K*, Na'

Figure 2.1. Clay Structure
7



It is well known that at least two definitions déyg exist. The geotechnical definition
depicts aslay those particles that have an effective diametetlenthan 0.002 mm.
Mineralogists on the other hand define clay asigast formed by polimeric chains
of some 3 specific mineral, while no size restof are given. As a consequence,
not all the soil particles with a diameter < 0.0@th are mineralogically clays, nor
clay minerals have to be smaller that 0.002 mm M(sx000).

The basic units of which the clays are made areaS{5i02) tetrahedral sheets and
Aluminum (Al) or Magnesium (Mg) Oxides octahedrakests. Sheets can combine
in different ways, so as to form layers of differeninerals. In most clay mineral
structures, the silica tetrahedra are intercondertea sheet structure. Three of the
four oxygens in each tetrahedron are shared to #orinexagonal net as shown in
figure 2.1. The bases of the tetrahedra are ahersame plane, and the tips all point
in the same direction. The structure can repeafimitely and has the composition
(Si4010)4- Mitchell, (1993).

(b)
Om{:}-[hypns O and @ = Silicons
Tetrahedral group Linked tetrahedra

Figure 2.2Silica Tetrahedron and Layer (after Grim, 1953)

In a sharp notation, useful for schematic repregemt of mineral layers, the

silica sheet is identified dsgure 2.3

N /

Figure 2.3Scheme for the Silica sheet (after Craig, 1992)

8



The octahedral sheet is composed of magnesium wmimm coordinated
octahedrally with oxygens and hydroxyls. The cawmation of Aluminum or
Magnesium atoms with oxygens or hydroxils givee itie structural units with an
octahedral shape. Octahedrons, as for tetrahedhan®g the capacity to join in
sheets. Depending on the charge of the main c@Ad8+, Mg2+) the distinction

between dioctahedrals and trioctahedrals structanesde Mitchell, (1993).

. Aluminums, magnesiums, etc.

Figure 2.40ctahedron and Octahedral Sheet (after Grim, 1953)

Those cations have to balance the negative elatctobarge of the octahedral
arrangement of oxygens and hydroxyls, equal to éectrons per unit. Therefore
while the Magnesium ion needs to be present inyeweit, the Aluminum ion will be
required just in two cells over three. The minegatal name for the Aluminum sheet
is Gibbsite, the one for Magnesium is Brucite. $chtc representations are shown
in figure 2.4.

G B

Figure 2.55chemes for Gibbsite and Brucite .

The various clay minerals are formed by the starkiombinations of basic sheet

structures with different forms of bonding betwéle@ combined sheet.



The main clay minerals are;
1. Kaolinite
2. lllite

3. Montmorillonite

2.5. Kaolinite

Kaolinite is a clay mineral with the chemical compion Al2Si205(0OH)4. It is a
layered silicate mineral, with one tetrahedral shieé&ed through oxygen atoms to
one octahedral sheet of alumina octahedra. Roeksatk rich in kaolinite are known

as china clay or kaolin.

Kaolinite consists of a structure based on a sirglleet of silica tetrahedrons
combined with a single sheet of alumina octahedasishown in figure 2.5. The
combined silica-alumina sheets are held togethdy fightly by hydrogen bonding,

thus a kaolinite particle may consist of over onadred stacks.

@ O Silicons

Figure 2.6Diagrammatic Sketch of the Structure of Kaolinite.

10



2.6.1lite

lllite is a non-expanding, clay-sized, micaceousiaral. lllite is a phyllosilicate or
layered alumino-silicate. Its structure is constitlby the repetition of Tetrahedron —
Octahedron — Tetrahedron (TOT) layer. The interagace is mainly occupied by
poorly hydrated potassium cations responsible foe @bsence of swelling.
Structurally illite is quite similar to muscovite eericite with slightly more silicon,
magnesium, iron, and water and slightly less tewadl aluminum and interlayer
potassium. The chemical formula is given as
(K,H30)(Al,Mg,Fe)(Si,Al)4010[(OH),,(H20)], but there is considerable ion
substitution. It occurs as aggregates of small rolimo grey to white crystals. Due
to the small size, positive identification usualgquires x-ray diffraction analysis.
lllite occurs as an alteration product of muscowtel feldspar in weathering and
hydrothermal environments. It is common in sedimersoils, and argillaceous
sedimentary rocks as well as in some low grade mm&ahic rocks. Glauconite in

sediments can be differentiated by x-ray. (Figudg 3

& &

5@ @
MODIFIED FROM GRIM (1962)

Figure 2.7 Structure of illite

11



lllite has a basic structure consisting of a sliéetlumina octahedrons between and
combined with two sheets of silica tetrahedronsshewn in figure 2.6. The
combined sheets are linked together by fairly wdsdnding due to (non-

exchangeable) potassium ions held between them.

O Oxygens, Hydroxyls, . Alummum,o Potassium

QO and @ Silicons (One-Fourth Replaced by Aluminums)

Figure 2.8 Structure of illite

2.7.Montmorillonite

Montmorillonite is a very soft phyllosilicate miradr that typically forms in
microscopic crystals, forming a clay. It is namdteraMontmorillon in France.
Montmorillonite, a member of the smectite familya 2:1 clay, meaning that it has 2

12



tetrahedral sheets sandwiching a central octahesthett. The particles are plate-
shaped with an average diameter of approximatetyctometre.

It is the main constituent of the volcanic ash \wedahg product, bentonite.

Montmorillonite's water content is variable anthitreases greatly in volume when it
absorbs water. Chemically it is hydrated sodiuncigat aluminum magnesium
silicate hydroxide (Na,Ca}yAl,Mg)2(SisO10)(OH),-nH,0. Potassium, iron, and
other cations are common substitutes, the exaotehtations varies with source. It
often occurs intermixed with chlorite, muscovitdlita, cookeite and kaolinite.

(Figure 3.2)
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Figure 2.9Structure of montmorillonite

Montmorillonite has the same basic structure d® ils shown in figure 2.7. In the
octahedral sheet there is partial substitutionlaaum by magnesium. The space
between the combined sheets is occupied by watéecoies and (exchangeable)
cations other than potassium. There is a very weakd between the combined
sheets due to these ions. Considerable swellingharitmorillonite can ocur due to

additional water being absorbed between the cordisheets.
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Figure 2.10 Structure of Montmorillonite

Schemes for the basic clay minerals are showngumefil.8

=
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Figure 2.11 Schemes for a) Kaolinite b) lllite cbMmorillonite
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Figure 2.12 Structure of Clays
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CHAPTER 3

MECHANISM OF SWELLING

3.1 General

There are two basic mechanisms involved in swellingnomena:

1. Interparticle or intercrystalline swelling, showdiagrammatically, which is
effective for all kinds of clay minerals. In a ngadry clay deposit relict water holds
the particles together under tension from capilfarges. On wetting, the capillary
tensions are relaxed and the clay expands. Theteffeahe same whether the clay
has the form of particles as shown in the uppet glathe figure or of crystals as
shown in the middle part. The short dashes initned which link the layers of the

clay crystals imply that the layers are stronglnded by molecular forces.

2. Intracrystalline swelling is chiefly a charactéic of the montmorillonite group of
minerals. The layers that make up the individuabl& crystals of montmorillonite
are weakly bonded, mainly by water in combinatiathvexchangeable cations. On
wetting, water enters not only between the singlestals, but also between the
individual layers that make up the crystals .

In montmorillonites the interlayer cations beconyelfated, and the large hydration
energy involved is able to overcome the attractorees between the unit layers.
Since in the prototype minerals interlayer cati@me absent, there is no cation

hydration energy available to separate the laygesnica, (1995)

There can be two reasons of intracrystalline snglliClay particles are generally
platelets having negative charges on their surfacebs positively charged edges.

Cations in the soil water attach to the surfaceshef platelets and the negative
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charges on the surfaces of clay particles. The lanbad electrostatic charges on
clay-particle surfaces draw water molecules intodhea between silicate sheets and

force the sheets apart.

Negatively charged surface of clay particle.

S Sf -+ =
A i i
< 3 1 - b 4 .
—Z|lx 1 1+76
= == -t 4+ +
e T + 7+ &
Cation — | = 4 +
= ETI Anion
— i i
. =5 s
= e -+ (: }E — Water Molecule
- Cations to balance the ( - ) charge on
[ the surface of the clay layer.
v

Positively charged edge
of clay particle

Figure 3.1Force sheet

The other factor is provided by cations attractedhe clay surfaces. Due to the
attraction of negatively charged clay surfacestha& cations, the concentration of
cations between the clay-particle surfaces is higjen the concentration of cations
in the pore fluid. This creates an osmotic potérmtifierence between the pore fluid
and clay-mineral surfaces. In the actual caseomsitishould migrate from the
intracrystalline spacing (higher potential) to theracrystalline spacing (lower
potential) to equalize the cation concentrationt Bue to the attraction of clay
surfaces, cations cannot move and water movesthet@rea between clay-mineral
surfaces. Due to this condition a repulsive forseekerted on the clay-mineral

surfaces and the volume of clay soil increases.
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Figure 3.2 Effect of cations to swelling

3.2 Factors Affecting Swelling of Soils

Nelson and Miller ( 1992 ) had made some reseanaexpansive soils. According to
these results factors affecting swelling soil wdstermined in three main groups.

These are soil characteristics (Table 3.1), enwiremtal factors (Table 3.2), anchet

state of stress (Table 3.3)
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Table 3.1Soil Properties Influencing Swelling Potential @filS

FACTOR

DESCRIPTION

Clay Content and

Clay minerals which typically cause soil volume
changes are montmorillonites, vermiculates, and
some mixed layer clay minerals. Swelling potential

Mineralogy ) ) ) )
increases with the increasing amount of such clay
minerals.
Swelling is repressed by increased cation
Soil Water concentration and increased cation wvalance. For
Chemistry example, Mg*® cations in the soil water would result
in less swelling than Na* cations.
Soil Structure Flocculated clays tend to be more expansive than
and Fabric dispersed clays. Cemented particles reduce swell.

Initial Dry Density

Higher densities indicate closer particle spacings
which mean greater repulsive forces between
particles and larger swelling potential.

Initial Water

As the initial water content increases, the initial
degree of saturation will also increase and the

Content affinity of soil to absorb water will decrease, so the
amount of swelling will decrease.
) _ As the amount of fine particles increase, the
Fine Grained
i amount of swelling will increase due to the larger
Fraction

surface area.

Plasticity Index

In general, soils that exhibit plastic behavior over
wide ranges of moisture content and that have high
liquid limits have greater potential for swelling.
Plasticity index is an indicator of swelling potential.
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Table 3.2 Environmental Conditions Influencing 8welling Potentiabf Soils

FACTOR

DESCRIFTION

Climate

Amount and wvariation of precipitation and
evapotranspiration greatly influence the moisture
availability and depth of seasonal moisture
fluctuation. Greatest seasonal heave occurs in
semiarid climates that have short wet periods.

Groundwater

Shallow water tables provide a source of moisture
and fluctuating water tables contribute to moisture
content of soils.

Drainage

Poor surface drainage leads to moisture
accumulations or ponding.

Vegetation

Vegetation (trees, shrubs, grasses, efc) deplete
moisture from the soil through transpiration, and
cause the soil to be differentially wetted in areas of
varying vegetation.

Permeability

Soils with higher permeabilities, particularly due to
fissures and cracks in the field soil mass, allow
faster migration of water and promote faster rates
of swell.

Temperature

Increasing temperatures cause moisture to diffuse
to cooler areas beneath pavements and buildings.

20




Table 3.3 Stress Conditions Influencing the SwgliPotential of Soils

FACTOR DESCRIPTION
An overconsolidated soil is more expansive than

Stress History | the same soil at the same void ratio, but normally
consolidated.

Magnitude of surcharge load determines the
amount of volume change that will occur for a given
Loading moisture content and density. An externally applied
load acts to balance interparticle repulsive forces
and reduces swell.

The thickness and location of potentially expansive
Soil Profile layers in the profile considerably influence potential
movement.

3.3 Types of Expansive Soil M ovement

3.3.1. Lateral Movement

Expansive soil movement can affect all types ofl @ugineering projects. For many
retaining and basement walls, especially if they dackfill is compacted below
optimum moisture content, seepage of water intoctag backfill causes horizontal
swelling pressure well in excess of at-rest valuesasured the swell pressure of a
compacted clay for zero lateral strain to be 42@ KBesides the swelling pressure
induced by the expansive soil, there can also loeirgliwater or perched water
pressure on the retaining or basement wall becaliige poor drainage of clayey
soils. Because of these detrimental effects of clagckfill, a common
recommendation is to use only free-draining granuteterial as retaining or

basement wall backfill.
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3.3.2. Vertical Movement

If a structure having a large area, such as a paweaor foundation, is constructed on
top of a desiccated clay, there are usually twonmigpes of expansive soll

movement:

1.Cyclic heave and shrinkage. The first type ofamgive soil movement is cyclic
heave and shrinkage which commonly affects thenptar of the foundation, by
uplifting the edge of the structure or shrinkingagmrom it.

Clays are characterized by their moisture sensitiiihey will expand when given

access to water and shrink when they are dried Awoil classified as having a

“very high” expansion potential will swell or shkimuch more than a soil classified
as “very low” expansion potential. For example, pleeimeter of a pavement or slab-
on-grade foundation will have during the rainy seasnd the settle during the
drought if the clay dries out. This causes cycleipfand down movement, causing
cracking and damage to the structure. Field measents of this up and down cyclic

movement have been recorded.

The amount of cyclic heave and shrinkage dependseochange in moisture content
of the clays below the perimeter of the structufBe moisture change in turn
depends on the severity of the drought and raimga@e the influence of drainage
and irrigation, and the presence of live tree rowftisich can extract moisture and
cause clays to shrink. The cyclic heave and shgekaround the perimeter of a
structure is generally described as a seasondloot-serm condition.

2. Progressive swelling beneath the center of thectsire (center lift). Two ways
that moisture can accumulate underneath structaresby thermal osmosis and
capillary action. It has been stated that wateraahigh temperature than its
surrounding will migrate in the soil toward the tmoarea to equalize the thermal

energy of the two areas Chen, (1988: Nelson anteiMi{1992 ). This process has
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been termed “thermal osmosis” Sowers, 1979; Da99§LEspecially during the
summer months, the temperature under the centarstfucture tends to be much

cooler then at the exterior ground surface.

Because of capillary action, moisture can move ugwhrough soil, where it will
evaporate at the ground surface. But when a steigtuconstructed, it acts as a
ground surface barrier, reducing or preventingdawaporation of moisture. It is the
effect of thermal osmosis and the evaporation éadue to the structure that causes
moisture to accumulate underneath the center oftitueture. A moisture increase
will result in swelling of expansive soils. The gressive heave of the center of the
structure is generally described as long-ternditmm, because the maximum value

may not be reached until many years after constrct
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CHAPTER 4

MEASUREMENT SWELLING PROPERTIESOF CLAY

Generally, the easiest way of measurement of swgelbiroperties of clays are the
Odometer Test Methods. Three different methoddaseribed in ASTM Standards
with designation number D 4546-90, namely, Standbedt Methods for One-
Dimensional Swell or Settlement Potential of Cohesboils. It is essential that the

terminology in these methods is clearly understood.

Swell: The increase in elevation or dilation of soil colufellowing absorption of

water.

Percent Swell: 100dH/H, where dH is the increase or decrease ricaeheight of

soil column, and H is the original height of smlamn.

Primary Swell: The short term swell that ends at the point ofrggetion of the
tangent of reverse curvature to the curve of a dsimmal change vs. logarithm of
time plot with the tangent to the straight-line tomr representing long-term of, or

secondary swell

Secondary Swell: starts at the intersection point of the tangentseards at the point
of completion of the total swell. It is also defthas long-term swell (Figure1.10). As
it can be seen on Figure 1.10, there is a sligferdnce in the amount between the
primary and the total swell. In most cases thigedénce is negligible. Thus, in this
study, the term “Swell” refers to “Total Swell” favhich the vertical height of the

specimen no longer increases with time.
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4.1. Odometer Apparatus

A self-contained consolidometer (oedometer) usecotaluct swell expansion tests
on soil specimens. Set includes: stainless stesk/aerylic ring device with
adjustable, dial indicator standard and brackeprapaction specimen ring, top and

bottom porous stones and a 60 psf stainless st@eing weight.

Figure 4.1 Odometer apparatus

25



The Test Methods in ASTM D4546-90 require that & specimen be restrained
laterally and loaded axially (vertically) in a catidometer (oedometer) with access
to free water. These methods are summarized asv®ll
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Figure 4.2.Swell versus log time relationship

4.2. ASTM D4546 Test methods

42.1. Method A
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Figure 4.3 An Example Void Ratio-Log Pressure @ur Method A.
(ASTM D 4546-90, 1993)
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The specimen is inundated and allowed to sweliocadly at the seating pressure
(pressure of at least 1 kPa applied by the weiflh® top porous stone and load
plate) until the primary swell is complete (Figwt.1.). The specimen is loaded
vertically after primary swell has occurred untif iinitial void ratio/height is

obtained (Figure 4.2.1.) This method measuresh@)ree swell, (b) percent heave

for vertical confining pressures up to the swellgaure, and (c) the swell pressure.

4.3 Sample Preparation and Testing Procedure

4.3.1 Sample Preparation

In this experimental study, two different type apansive or clayey soil taken from
two different region of Gaziantep, which are Kasatnd Gaziantep University
Campus. Firstly these samples were sieved frommdi2éon sieve by adding water.
Then liquid limit ( LL ), plastic limit ( PL ), angblasticity index ( Pl ) of sieved
samples were determined. According to these resmgtsnum water content of
samples was found. After that, some water add ompkss. Amount of water is
related to the ring volume which is a part of aaadter. Then samples were mixed

to be made them homogenous.

4.3.2 Testing Procedure

“Free Swell Method” was used to determine the arhofiswell. The samples were
prepared as outlined and compacted directly intesalidation ring to obtain a bulk
density of 1.80 g/cm3. . This value of bulk densit$h 10%, moisture content gave
a dry density of 1.70 g/cm3. The soil samples wplaced directly into the
consolidation ring, no guide rings were used. I pheliminary studies, the samples
were compacted in the guide rings satisfying thecsied dry density and later
transferred into the consolidation rings. But it swabserved that during this
transference, the specimens were terribly disturBemetimes cracks were formed
on the surfaces of the specimens or some pieces dvepped out from the top and

bottom of the specimen. Consequently, in ordevtodafurther spoilage of specimen
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it was decided that the samples had to be compaiitectly into the consolidation

rings.

Compaction
Piston

sl
|

Consolidation
Ring

Figure 4.4 Compaction of Specimen into the Consatilich Ring

4.3.2.1. Free Swell Method

The specimen was prepared as explained in sectibnT®e consolidation ring
containing the specimen was placed in the oedonadter placing filter papers on
the top and bottom of the specimen not to clogpth®us stones. An air-dry porous
stone was placed on top of the specimen. Afteodtmmeter was mounted on

the loading device, the dial gauge measuring thigce¢ deflection was set to zero
(Figure 6.1.1). The specimen was inundated by apgphyater to the upper

surface of the sample directly, and to the lowefase through standpipes. As soon
as the specimen was inundated, swelling beganspéeimen was allowed to swell
freely. Dial gauge readings showing the vertica¢léwf the specimen were recorded
until the swell stopped. These data were used lmulede the time-swell relations
and final swell of each sample upon inundationeAthe sample stopped swelling,
the final water content was determined in accordamith ASTM Test Method with
designation number D2435 — 90.
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Figure 4.5Free Swell Apparatus (Oedometer)
Free swell percent was calculated from the follgniormula:

Free Swell (%) = 100 AH/H (Eq. 1)

WhereA H= Change in initial height (H) of the specimen

H= Initial height of the specimen

The procedure of the tests was as follows; at fivetspecimens was compacted in
the consolidation ring and then the ring was plaoéd the oedometer after placing
dry filter papers on top andottom of the sampleThe consolidation ring was
assembled in the oedometer and air-dry porous staselaced on top of the sample
(there had already been one at the bottom of teroeter.) After the oedometer
was mounted on the loading device, the deflectiahwias adjusted to zero reading.
The sample was inundated by providing water throgtghdpipes and pouring water
directly from the top of the oedometer. Swellinglod sample started at the moment
the sample was started to be inundated. The temts finished when there was no

change on the dial gauge.

Free swell tests were performed as described amowgamples with an initial

3
water content of 10% and having a dry density vatid.70 g/cm under a small
surcharge of about 1.94 kPa. All mixtures which evsieved through No0.30 sieve
were prepared and compacted in humidity room ireiotd maintain its initial water

content constant.
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Figure 4.6 Preparation and placing the samplentp nespectively
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CHAPTER 5

TEST RESULTSAND DISCUSSION

5.1 General

In this thesis study, two different type of claysyils that were taken from Karatas
and Gaziantep University Campus were used. Fdr eample three set of tests were
carried out. These tests are;

* Samples having optimum water content
» Samples having % 10 dry of optimum water content

e Samples having % 10 wet of optimum water content

At the results of these tests, free swell and swedssure of some samples were
determined. In addition to this, an additive calliéghin” was used to reduce the free
swell of residual clays. The lignin was used ofdy Karatas region sample and
effect of this additive on free swell potential wasserved.

So many studies were reported in the literatureutiboe free swell and swell
pressure of clayey soils. Based on these studseEsarehers recommended differed
cllas,f,cat,on systems. Vijarvergiyav and Ghazzgl973) developed a chart to
determine the percent swell of clay based on nhwager content and liquid limit
(figure 5.1). Abdyljauvad and Al-Sulaimani (1998)veloped a chart to determine
the qualification description of clay as low, mediuhigh, very high and extreme
high based on plasticity index and liquid limitdere 5.2). O’neili and Poormoayed
( 1980) developed a table to classify the clayoag medium and high according to
the liquid limit, plasticity index and swell poteait(Figure 5.3)
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At the end of the tests, the results were compuaiigd this chart and tables,
then Gaziantep residual clays were classified.
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Figure 5.1 Free swell, liquid limit and water cartteorrelation table (Vijarvergiyav
and Ghazzaly, 1973)
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Figure 5.2 Abak used to determine the swell pressbdyljauvad and
Al-Sulaimani (1993)

Table 5.1 Classifications of soils.

Liguid Limit Plasticity index Swell potential Swell potential elassification _
<50 <25 <0.5 Low

50-60 25-35 0.5-1.5 Medium
=60 >335 >1.5 High

5.2 Data Calculation

5.2.1 Karatas Clay

Karatas region was formed generally badadlisalt is a common extrusive volcanic

rock. It is usually grey to black and fine-graingage to rapid cooling of lava at the
surface of a planet. It may be porphyritic contagniarger crystals in a fine matrix,
or vesicular, or frothy scoria. Unweathered basdtiack or grey.

In order to determine swelling properties of Kagatsidual soil sampale was taken
from a vacant parcel (Figure 5.4).
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Figure 5.3 Karatas region where the sample taken

The samples were brought to Geotechnical laboraondyAttarberg limit tests were
performed on it. Results obtained from the testgwen below. Using these test
results optimum water content and maximum dry degrsi the sample soil were
determined from empirical equations suggested @ ltferature. Optimum water
content and maximum dry density values were givaov.

Swelling properties of the sample soil is determateits there different water
content. These are optimum water content, 10% idiy sf optimum, and 10% wet
side of optimum. Using phase diagram necessary roasil and water were
calculated and results are given below.
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LL = 0,674
PL =041

PI =0,26

At Optimum Water Content

Wop= 6,77 + 0,43LL — 0,21PI
Wop= 6,77 + 0,43 = 67,4 — 0,21 = 26
Wop= 30,29 ~ 30 %

Ymax= 20,48 — 0,13LL + 0,05PI

3

¥Yma— 13,02 ~ 14kN /m

¥ ¥
Ydy= e 140,30

¥y = 18,20 kN/m>
¥y = 1,86 g/cm’
D =75mm

h =20mm
T .
RING VOLUME = EH D<+h = 88,36 cm?

Wet Total Material = 88,36 = 1,86 = 164,35 g

Whwet _ 164,35

W= =
dy™ Tiwe 140,30

=12642 g

Wate= 164,35 — 126,42 =37,93 g
Way= 164,42 g

Wwate= 37,93 g
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At 10% Dry Side of Optimum Water Content

Wop= 0,27 = 27 %

¥
Ydy= T 140,27

y = 17,78 kN/m"
— 3
¥ = 1,81 g/cm
RING VOLUME = 88,36 cm®

Wet Total Material = 88,36 1,81 = 160,15 g

Wwet 180,15
Way= =
dY™ yswe 14027

=126,1g
Wate= 160,15 — 126,1 = 34,05 g
Way=126,1 g

Wyate— 34,05 g

At 10% Wet Side of Optimum Water Content

W:=0,33 = 33 0¢

¥ ¥
Ydy= e 140,33

y = 18,82 kN/nm
¥y =19 gfc.‘mS
RING VOLUME = 88,36 cm?

Wet Total Material = 88,36 = 1,9 = 1679 g

W _ Wweat _ 167.9
Y™ Jiwe 14033

=126,25g

Wwate= 167,9 — 126,25 = 41,65 g
Way= 126,25 g

Wwate—= 41,65 g
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5.2.2 Gaziantep University Campus Clay

Main rock formation in capus are is composed okbitone that is called Gaziantep
formation. Limestone is a sedimentary rock compdaegkly of the mineral calcite
(calcium carbonate: CaGP Like most other sedimentary rocks, limestones ar
composed of grains; however, most grains in limestgrains are skeletal fragments
of marine organisms such as coral or foraminife@ther carbonate grains
comprising limestones are ooids, peloids, intrdslasand extraclasts. Some
limestones do not consist of grains at all andfan@ed completely by the chemical
precipitation of calcite or aragonite. i.e. trausst

In order to determine swelling properties of Camplasy soil sampale was taken
from a vacant parcel (Figure 5.5).

Figure 5.4 Gaziantep University Campus region wisaraple taken

The samples were brought to Geotechnical laboraondyAttarberg limit tests were
performed on it. Results obtained from the testgvwen below. Using these test
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results optimum water content and maximum dry densi the sample soil were
determined from empirical equations suggested @ literature. Optimum water

content and maximum dry density values were givaow.

Swelling properties of the sample soil is determateits there different water
content. These are optimum water content, 10% idy &f optimum, and 10% wet
side of optimum. Using phase diagram necessary raasil and water were

calculated and results are given below.

LL =0,313
PL = 10,21
PI =10,10

At Optimum Water Content

Wop= 6,77 + 0,43LL — 0,21PI
Wop= 6,77 + 0,43 * 31,3 — 0,21 * 10
Wop= 18,1 ~ 18 %

¥max= 20,48 —0,13LL + 0,05PI

¥ma— 16,91 ~ 17 %¢

¥
Ydy= e 140,181

y = 20 kN/m®
¥ = 2,05 g;’c:rri!?’
D =75 mm

h =20 mm

EL 4
RING VOLUME = Z! D* +h = 88,36 cm’
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Wet Total Material = 88,36 = 2,05 = 181,14 g

Whavret _ 181,14

W= =
dy™ Tiwe 140181

= 15344

Wwate— 181,14 —153,4 =28 g
Wgy= 1534 g

Wyate—= 28 g

At 10% Dry Side of Optimum Water Content

W,= 0,16 — 16 %

¥ ¥
Ydy= e 1+0.16

y=19,72 kN/nm®
_ 3
¥y =201 g/cm
RING VOLUME = 88,36 cm?

Wet Total Material =88,36 2,01 = 17760 g

W= Wwet 177,60
Y™ iwe 14016

=153,11g

Wiate= 177,60 — 153,11 = 245 g
Wary= 1531 g

Wyate— 24.5 g
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At 10% Wet Side of Optimum Water Content

W= 0,20 — 20 %

¥
Ydy= e 140,20

y =204 kN/m>
_ 3
¥ = 2,08 g/em
RING VOLUME = 88,36 cm®

Wet Total Material = 88,36 2,08 = 183,75 2

Wwet 183,75
Way= =
dY™ yswe 140,20

=153,1¢g

Wate= 183,75 — 153,1 = 30,6 g
Wary= 1531 g

Wiate—= 30,6 g

240
42,178

Pswelling= = 0,0054 kg/cm?

Ps= 0,0054 kg/cm?

Ps= 0,54 kN/mm?
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5.3 Test Results

5.3.1 Karatas Test Results

Table 5.2Time versus swell for optimum water content

time(min) | 1.reading(mm) 2.reading(mm) mean reading
0,1 1 1 1
0,12 1 1 1
0,5 1 1 1

1 2 2 2

2 3 3 3

4 5 4 5

8 7 9 8
15 9 14 12
30 13 21 17
60 19 30 25
120 29 40 35
240 39 51 45
480 48 60 54
1440 69 72 71
2880 75 77 76
4320 77 79 78

80

a0

m P

50 //
40

30 /’
" /

1 »_d,_/'

0 +—"

0,01 0,1 1 10 100 1000 10000
Time (min)

Mean reading (1E-2mm)

Figure 5.5 Swell versus log time relatiopshi optimum water content
% Swell (Sf)= (Ah/H)*100 (Eq. 1)

Sf=0.78/20 = 0.039 Sf=3.9%
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Swell Pressure at Optimum Water Content
test 1;

A (area of ring ) = 44.178 ¢dm

Load = 1.4128 kg

Psweling= 1.4128 / 44.178 = 0.032 kg / &ém
Psweliing= 3.2 kN / nf

test 2;

Load = 1.100 kg

Psweling= 2,4 kN / mi

Average:

2.8 KN/ nf

Table 5.3Time versus swell for %10 dry side of optimum watentent

time(min) | 1.reading(mm) 2.reading(mm) mean reading
0,1 2 2 2
0,12 3 3 3
0,5 5 3 4

1 11 10 11
2 17 16 17
4 27 27 27
8 38 36 37
15 50 48 49
30 69 67 68
60 96 98 97
120 123 141 132
240 151 180 167
480 174 219 197
1440 190 243 216
2880 195 250 222
4320 225 255 240
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Figure 5.6 Swell versus log time relationship aed@ry side of optimum water
content

% Swell (Sf)= (Ah/H)*100 (Eq. 1)

Sf=2.40/20=0.12 Sf=12%

Swell Pressureof % 10 Dry of Optimum Water Content
A (area of ring ) = 44.178 ¢m

Load = 6.5 kg

Psweling= 6.5 / 44.178 = 0.147 kg / ém
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Table 5.4Time versus swell for % 10 wet side of optimum watntent

time(min) | 1.reading(mm) 2.reading(mm) mean reading
0,1 1 2 2
0,12 1 2 2
0,5 2 3 3
1 4 3 4
2 6 5 6
4 8 7 8
8 12 11 12
15 18 16 17
30 27 22 25
60 39 32 36
120 55 45 50
240 77 62 70
480 97 85 91
1440 122 107 115
2880 134 120 127
4320 138 127 133
140 /
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/
100 V4
E /
& 80
w
E 60 //
=]
S 40 4
: e
= 20 >
0 #_._._g——«r-*“/
0,07 0.1 1 10 100 1000 10000
Time(min)

Figure 5.7 Swell versus log time relationship afd@vet side of optimum water
content

% Swell (Sf)= (Ah/H)*100 (Eq. 1)

Sf=1.33/20 = 0..666 Sf=6.65%
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Swell Pressure% 10 Wet of Optimum Water Content
A (area of ring ) = 44.178 ¢dm

Load = 0.75 kg

Psweling= 6.5 / 44.178 = 0.0169 kg / ém

Pswe”ing: 1,69 kg / mrﬁ

At optimum water content, 10 % dry side of optimwater content and 10 % wet

side of optimum water content, free swell foundallews,
e For optimum water content, Sf = 3.9 %
e For10%dry, Sf=12 %
e For 10 % wet, 6.65 %

Respectively these results compared with charts taikes given in literature

following conclusions can be found;

According to the Abdyljauvad and Al-Sulaimani 19%3ratas residual soils in all
water content conditions ( optimum, dry and wegan) be classified as high swell
potential clay. According to the O’neili and Poormyed, 1980,classification Karatas

residual soil ( optimum, dry and wet ) has a higlelspotential in all water content.
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5.3.2 Gaziantep University Campus Clay Test Results

Table 5.5Time versus swell for optimum water content

time(min) | 1.reading(mm) 2.reading(lmm) | mean reading
0,1
0,12
0,5

1

2

4

8

15
30
60
120
240
480
1440
2880
4320
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Figure 5.8 Swell versus log time relationship @ptimum water content
% Swell (Sf)= (Ah/H)*100 (Eg. 1)

Sf=0.02/20 =0.01 St=1%
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Swell Pressure of Optimum Water Content
Optimum test 1;

A (area of ring ) = 44.178 ¢dm

Load = 0.05298 kg

Psweling= 0.05298 / 44.178 = 0.012 kg / €m
Psweling= 1,2 kg / mm

Optimum test 2;

Load = 0.240 kg

Psweling= 0,54 kg / mm

Table 5.6Time versus swell for %10 dry side of optimum watentent

time(min) | 1.reading(mm) 2.reading(mm) mean reading
0,1 1 1 1
0,12 1 1 1
0,5 1 1 1

1 1 2 2

2 2 4 3

4 3 6 5

8 6 9 8
15 10 12 11
30 16 17 17
60 21 22 22
120 25 27 26
240 31 31 31
480 34 35 35
1440 39 41 40
2880 42 41 42
4320 45 42 43
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Figure 5.9 Swell versus log time relationship at%Qdry side of optimum
water content

% Swell (Sf)= (Ah/H)*100 (Eq. 1)
Sf=0.43/20 = 0.0215 Sf=215%

Swell Pressureof % 10 Dry of Optimum Water Content

A (area of ring ) = 44.178 ¢dm

Load = 1.5 kg

Psweling= 1.5 / 44.178 = 0.0339 kg / ém

Pswe"ing: 3,39 kg / mlﬁ
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Table 5.7Time versus swell for % 10 wet side of optimum watentent

time(min) | 1.reading(mm) 2.reading(mm) mean reading
0,1 1 1 1
0,12 1 2 2
0,5 2 2 2
1 3 3 3
2 4 5 5
4 5 8 7
8 6 11 9
15 8 16 12
30 14 22 18
60 27 27 27
120 27 32 30
240 35 37 36
480 45 43 44
1440 58 55 57
2880 69 67 68
4320 72 69 71
80
70 *

0 /

E 50 %
& /
W40
5 /
-
5 30 =
o
e /
c 20
o
g /
= 4
0 Qo
0.01 0.1 1 10 100 1000 10000

Time{min)

Figure 5.10 Swell versus log time relationship @t% wet side of optimum
water content

% Swell (Sf)= (Ah/H)*100 (Eq. 1)

Sf=0.71/20 = 0.0355 Sf=3.55%
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Swell Pressureof % 10 Wet of Optimum Water Content
A (area of ring ) = 44.178 ¢dm

Load = 0.75 kg

Psweling= 6.5 / 44.178 = 0.0169 kg / ém

Psweling= 1,69 kg / mr

At optimum water content, 10 % dry side of optimwater content and 10 % wet

side of optimum water content, free swell foundallews,
e For optimum water content, Sf=1 %
e For10%dry, Sf=2.15%
e For 10 % wet, 3.55 %

Respectively these results compared with charts taikes given in literature

following conclusions can be found;

According to the Abdyljauvad and Al-Sulaimani 19%&ziantep University
Capmus residual soils in all water content coaodgi( optimum, dry and wet )can
be classified as low swell potential clay. Accogdio the O’neili and Poormoayed,
1980, classification Gaziantep University Campusdred soil ( optimum, dry and

wet ) has a low swell potential in all water coriten

5.3.3 Test Resultsof Adding Lignin on Karatas Sample
5.3.3.1Lignin

Lignin or lignen is a complex chemical compound most commonly eeriv
from wood, and an integral part of the secondahyeals of plants and some algae.
The term was introduced in 1819 by de Candolleiantérived from the Latin word
lignum, meaning wood. It is one of the most abumhaaganic polymers on Earth,
exceeded only by cellulose, employing 30% of nassilo organic carbon

http://en.wikipedia.org/wiki/Lignin - cite_note-boerjan-3 and constituting from a quarter
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to a third of the dry mass of wood. As a biopolyntiginin is unusual because of its
heterogeneity and lack of a defined primary stmgtuts most commonly noted

function is the support through strengthening obd/@ylem cells) in trees.
Biological function

Lignin fills the spaces in the cell wall betweenldese, hemicellulose, and pectin
components, especially in tracheids, sclereidsagheim. It is covalently linked to
hemicellulose and thereby crosslinks different plaolysaccharides, conferring
mechanical strength to the cell wall and by ex@mghe plant as a whole. 1t is

particularly abundant in compression wood but ssard¢ension wood.

Lignin plays a crucial part in conducting waterglant stems. The polysaccharide
components of plant cell walls are highly hydroghdnd thus permeable to water,
whereas lignin is more hydrophobic. The crossligkaf polysaccharides by lignin is
an obstacle for water absorption to the cell wHitlus, lignin makes it possible for
the plant's vascular tissue to conduct water eiffity. Lignin is present in all
vascular plants, but not in bryophytes, supporthmgidea that the original function
of lignin was restricted to water transport. Howewveis present in red algae, which
seems to suggest that the common ancestor of @adtsed algae also synthesised
lignin. This wouldsuggest that its original functivas structural; it plays this role in
the red alga Calliarthron, where it supports jolrgsveen calcified segments.

Economic significance

Highly lignified wood is durable and therefore aodoraw material for many
applications. It is also an excellent fuel, singaih yields more energy when burned
than cellulose. Mechanical or high yield pulp usednake newsprint contains most
of the lignin originally present in the wood. THignin is responsible for newsprint
yellowing with age. Lignin must be removed from tpelp before high quality
bleached paper can be manufactured from it Inteuffulping, lignin is removed

from wood pulp as sulfonates. These lignosulfonata® several uses:

» Dispersants in high performance cement applicatiomater treatment

formulations and textile dyes

« Additives in specialty oil field applications angracultural chemicals
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* Raw materials for several chemicals, such as wanillethanol, sugar and

humic acid

e Environmentally sustainable dust suppression agenbads

More recently, lignin extracted from shrubby willdvas been successfully used to

produce expanded polyurethane foam.

In 1998, a German company, Tecnharo, developed @gsdor turning lignin into a
substance, called Arboform, which behaves ideryictd plastic for injection
molding. Therefore, it can be used in place of tidder several applications. When

the item is discarded, it can be burned just likeav

Structure
(5] 1 F(\H W
B = 0o
1 | B
e 2
HD 5

O0H;

Figure 5.11 The three common monolignols: para@wyhalcohol (1), coniferyl

alcohol (2)
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5.3.3.2 Effect of Lignin on Swell Behavior

At the result of the tests, Karatas residual clag high swell potential. Four set of
tests performed by adding lignin ( 3%, 6%, 9%, 1P% reduce swell potential of
clay. These test were performed 10 % dry side Gy water content. Because it
was seen that, the highest swell potential wasrebdeat result of 10 % dry test.

Effect of lignin on swell behavior was shown belawth tables and figures.

Table.5.83 % Lignin added Sample

time(min)| mean reading
0,1 3
0,12 4
0,5 5
1 9
2 13
4 20
8 30
15 41
30 59
60 85
120 106
240 128
480 145
1440 152
2880 155
4320 157
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Figure 5.12 Swell versus log time relationship @t% dry side of optimum water

content (adding 3% lignin)
% Swell
Maximum swell 1.45
St=7 %

Table.5.9 6 % Lignin added Sample

time(min)| mean reading
0,1 1
0,12 2
0,5 3
1 5
2 7
4 13
8 20
15 28
30 38
60 52
120 65
240 85
480 99
1440 122
2880 128
4320 130
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Figure 5.13 Swell versus log time relationship @t% dry side of optimum water

content (adding 6% lignin)

% Swell
Maximum swell 1.22
Sf=6 %

Table.5.10 9 % Lignin added Sample

time(min)| mean reading
0,1 2
0,12 3
0,5 5
1 7
2 9
4 12
8 19
15 28
30 48
60 64
120 80
240 95
480 100
1440 103
2880 105
4320 107
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Figure 5.14 Swell versus log time relationship @t% dry side of optimum water

content (adding 9% lignin )
% Swell
Maximum swell 1
Sf=5 %

Table.5.1112 % Lignin added Sample

time(min)| mean reading

0,1 1
0,12 2
0,5 3
1 3

2 4

4 5

8 7
15 10
30 15
60 19
120 25
240 32
480 43
1440 71
2880 76
4320 78
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Figure 5.15 Swell versus log time relationship @t% dry side of optimum water
content (adding 12 % lignin )

% Swell
Maximum swell 0.71

Sf=4%
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Table.5.1Zffect of Adding Lignin on Sample

Additive (%) Swell (% )
3 7
6 6
9 5
12 4
8
3? 7 -
%" 6
S 5 ———
e
c 4
S s
c
= 2
D
|
0
0 2 4 6 8 10 12 14
Swell (%)

Figure 5.16 Lignin content versus swell relatiopsht 10 % dry side of optimum
water content

The effects Lignin on the volume change of an egpansoil sample of
.Karatas, is shown in the figure 5.14. As can ndeom the figure, as the amount
of the Lignin increases swell potential decrease=ally.
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CHAPTER 6

CONCLUSION

In this thesis, we have studied on two differenti@atep residual clays, which were
taken from Karatas and Gaziantep University Campusletermine free swell and
swell pressure. A few set of test were carriedlyutising odometer according to the
standard of ASTM D4546. Then, lignin was added&oatas residual soil to reduce
the swell potential. At the result of this testeets of lignin on swell behavior were

observed.
Following conclusions are drawn from this study;

» Swelling potential of two Karagaand Campus residual soil are completely

different. Because origin of the Kargtday and Campus clay are different.

* Free swell values of Karatalay showed different results at different water
content. These are 3.9 % at optimum water conién®p at 10 % dry side of
optimum, and 6.65 %. at 10 % wet side of optimuntewaontent. According
to these percent swell values Karatas clay is ifledsas high swell potential

clayey soil.

e Campus clay also effected from initial water cohtgrthe sample. Free swell
values of clay are 1.0 % at optimum water cont2rit5 % at 10 % dry side
of optimum, and 3.55 %. at 10 % wet side of optimwater content.
According to these percent swell values Campus daglassified as low

swell potential clayey soil.

* Lignin that is added to clay to reduce swell pasnaf clay work well and
reduced swell potential of Karatas clay in a sigaiit amount. At 3% lignin
inclusion, free swell value of Karatalay reduced from 12% to 7%, and at
12% inclusion of lignin, free swell value reducednh 12% to %4. Therefore,

it may be used as swell controlling additive.
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» Light structures, that will be constructed at Kasategion, should not been

constructed before ground was improved to prewset ©f soil.

RECOMMENDATIONS AND FUTURE WORKS

From this study, it was found that Karatgay has great potential of geotechnical
problem regarding swell potential. Before consingtany light weight structure
such as pavement and single story building premautas to be taken to prevent
swelling problem of clay under these structuresfillfneed to be done on any
structure it should be compacted at wet side oimapnh water content to reduce
swell potential. Lignin was used to control swebitgntial of clay. It has good
potential for reducing swelling of clay. This studyas done in laboratory condition

therefore its application in the field has to invgeste.
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