Effect of Polypropylene Fiber and Posidonia
Oceanica Ash on the Behavior of Expansive Soils

Mona Malekzadeh

Submitted to the
Institute of Graduate Studies and Research
in partial fulfillment of the requirements for tiegree of

Master of Science
in
Civil Engineering

Eastern Mediterranean University
January, 2012
Gazimgusa, North Cyprus



Approval of the Institute of Graduate Studies aregéarch

Prof. Dr. Elvan Yilmaz
Director

| certify that this thesis satisfies the requireiseas a thesis for the degree of Master
of Science in Civil Engineering.

Asst. Prof. Dr. Murude Celika
Chair, Department of Civil Engering

We certify that we have read this thesis and thatuir opinion it is fully adequate in
scope and quality as a thesis for the degree oftévlasf Science in civil
Engineering.

Asst. Prof. Dr. Huriye Bilsel
Supervisor

Examining Committee

1. Assoc. Prof. Dr. Zalihe Nalbarga

2. Asst. Prof. Dr. Huriye Bilsel

3. Asst. Prof. Dr. Mehmet Metin Kunt




ABSTRACT

This study presents an experimental study evalgate effect of synthetic and
natural additives on the behavior of an expansiié fsom a local deposit. The
synthetic additive used is polypropylene fiber whionstitutes the major part of this
research work. The initial phase of the experimiegmtagram includes the study of
the effect of polypropylene fiber on maximum dryndigy and optimum moisture
content with different fiber inclusions. Dynamic napaction tests have been
conducted on an expansive soil sample with pergestaf 0%, 0.5%, 0.75%, and
1% polypropylene fiber additions (by dry weighttbé soil). The specimens used for
volume change and strength tests were conductespecimens prepared by static
compaction at optimum water content and maximum deysity obtained by
dynamic compaction of Standard Proctor proceduree Tecond phase of the
experimental program focuses on the strength anddme change behavior of
unreinforced and reinforced specimens. In the thpithse, the effect of the
polypropylene fiber on soil- water characteristiorn@ is studied. Finally it is
concluded that mitigation of expansive soils ugiodypropylene fiber might be an
effective method in enhancing the compression,id@nand Air entry values of the
subsoils on which roads and light buildings arestartted. The natural additive
used in this study is abundantly found Posidoniaaotca (sea weed) which is
carried and deposited at the shores all along daestline of Cyprus. The weed is
burnt and its ash is used to investigate the pialesffect on physical properties and
swell behavior of the expansive soil used in thisdg. Despite the difficulties

encountered in representative specimen preparatiento random distribution of



fiber filaments, it is observed that there is aufat prospect in the use of this

environmental friendly additive for soil mitigation

Keywords: polypropylene fiber, compressive strength, statimpaction, dynamic

compactions, Soil water characteristic curve,



0z

Bu calsma sentetik ve dil katkilarin yerelsisen zeminlerin davragmna olan
etkilerini incelemektedir. Calmanin 6nemli bir kismi sentetik katki olan
polipropilen fiberin etkisini icermektedir. Agarmanin ilk gamasi farkli
yuzdeliklerde polipropilen fiber katkinin maksimukaru birim hacim girligr ve
optimum su muhtevasina etkisini icerisen zeminlerle kagtilan 0%, 0.5%,
0.75%, and 1% oranlarinda polipropilen fiberle eltiilen kargim kompaksiyon
deneylerine tabi tutulmyuve her kagimin maksimum kuru birim hacimgaligl ve
optimum su muhtevasi elde ediltni. Arastirmanin ikinci @amasinda birinci
asamada bulunan maksimum kuru birim hacigmwlagi ve optimum su muhtevasinda
statik kompaksiyon yontemi ile sgkirilmis numuneler hazirlangtir. Bu numuneler
hacim degisikli gi (sisme-buzilme ve kopressibilite) ve serbest basingyerinde
kullanilarak katkisiz ve katkili zemin numunelenindavranglari irdelenmstir.
Ucuincli gamada ise polipropilen fiberin zemin-su karaktéisgrisine olan etkisi
incelenms ve sonug olarak zeminlerin iyigrilmesinde polipropilenin etkili oldgu

g6zlemlenmitir.

Dogal katki malzemesi olarak bir gedeniz bitkisi olan ve dalgalarin sahileitap
cevre kirliligi yarattgl Posidonia oceanica (PO) kullaniytm. PO 550 °C derecede
yakilarak elde edilen kulirsisen zeminle %5 ve %10 oranlarinda kami
incelenmg ve potansiyel bir katki malzemesi olabilgceayrica cevre Kirlilgi
yaratan bu malzemenin geri d@dininin sglanmg olabilecg sonucuna

variimistir.



Anahtar kelimeler: polipropilen fiber, serbest basing, statik kompaks, dinamik

kompaksiyon, zemin-su karakteristigresi.
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Chapter 1

INTRODUCTION

1.1 Aim and scope of the study

This research explores the importance of usingrdilte reinforce expansive soils.
Mitigation and stabilization of expansive soils #ne focus of this study. This study
emphasizes the effect of polypropylene fibers oengjth behavior, one dimensional
consolidation, one-dimensional swell, shrinkagel-water characteristic curve and
of expansive soils. Another scope of this studytasmonitor the influence of

Posidonia oceanica ash on soil properties basedhenchanges of physical

properties, swell and unconfined compressive streng

1.2 Background

1.2.1 Expansive Soil and its Stabilization

Expansive soils are the main cause of damages rietyeof civil engineering
structures such as spread footings, roads, highveaysairport runways. Expansive
soils are usually found in arid and semiarid regiohtropical and temperate climate
zones (Abduljauwad, 1993). Swelling and shrinkirdndvior of the expansive soils

is caused by the montmorillonite mineral (Chen,8)98

Stabilization by chemical additives, pre-wettingymgpaction control, preloading,
water content prevention are general ground impraré methods that are the
solution of swelling problems (Yucel Guneya et 2005).There has been a growing
interest in recent years in the influence of chainimodification of soils which

upgrades and enhances the engineering propertiesciianges of soil properties by
1



adding chemicals such as cement, fly ash, limé¢h@r combination, often shift the
physical and chemical properties of the soil sushttee cementation of the soil
particles. Especially use of lime admixture hasvptbto be one of the most
economical method for improving the geotechnicalpgrties of expansive soails.
Leroueil and Vaughan (1990), Basma and Tuncer (1994dlbantoglu and Tuncer
(2001), Bilsel and Oncu (2005), Rao and Shivanafa@®5) have examined the

compressibility behavior of lime-stabilized soils.

According to Gordon and McKeen (1976) cement ame Ishow different behavior
in soil stabilization. Cement contains the necsassagredients for the pozzolanic

reactions, whereas lime can be effective onlyefé¢hare reactants in the soil.

Recently there is a growing attention to soil reirnément with different types of
fiber. According to Heineck et al. (2005) experirtsrresults gathered in recent
years show the potential of different types of ffilmereinforcing problematic soils. In
order to wholly understand the strength behaviofimdred and non- fibered soils;
Prabakar and Sridhar (2002) has carried out a sequaf experimental works on a
non-expansive soil and assessed the suitabiligysadl fiber, which is a natural fiber
of Agavaceae family traditionally used in makingirtey and ropes, as a
reinforcement material and resulted in a considera@mhancement of the failure

deviator stress, as well as shear strength parescsdad.

Freilich and Zornberg (2010) observed an incredsshearing strength of the soils
with the presence of randomly distributed polypiepg fibers. Polypropylene fiber,

which is a kind of thermoplastic polymer, appearbé a great potential for reducing


http://en.wikipedia.org/wiki/Thermoplastic
http://en.wikipedia.org/wiki/Polymer

the detrimental effects on buildings, earth retagrétructures and roadways induced
by expansive soils (Loehr, 2000). However, therénited research done on fiber
reinforcement of fine grained soils, particularlyr ats effects on compaction
characteristics, strength and hydromechanical ptiege In this experimental
investigation, the aim was to study the effect @f seinforcement with the use of
polypropylene fiber on the improvement of physiaatl mechanical properties of a
clay sample obtained from an expansive clay depodiamagusta, North Cyprus.
The experimental program was carried out on congpiasbil specimens with 0%,
0.5%, 0.75%, and 1% polypropylene fiber additivexsd the results of unconfined
compression, compaction, and suction measuremstst@a 0%, 0.5%, 1% fiber are

discussed.

Posidonia oceanica is common seaweed of the Mealitean Sea, which grows all
along the coastal area and forming widespread nveadarting near the water
surface to depths of 40m (Duarte, 1991). Amongtlal aquatic plants, Posidonia
oceanica is the most plentiful seagrass type inhkasin of Mediterranean sea,
approximately covering 40,000 Krarea of the seabed (Cebrian and Duarte, 2001).
The leaf rejuvenation cycle of Posidonia oceanigzcgss typically occurs in fall,
when an increase in wave action causes the seawe&dssport. Indeed, noticeable
deposits of Posidonia oceanica leaf usually pilpsalong the coastal areas (Ott,

1980).

In this study the use of these litters in soil 8tadition and in geotechnical
engineering will be analyzed. The ash content aelidy oven dried crushed pieces

in 550 degree Celsius for the duration of 24 hdwas been used to monitor its affect

3



on Atterberg limits, grain size distribution, swpbtitential, and compressive strength

of the soil-PO ash mixture of 5 and 10%.

1.3 Outline of the Thesis

This research includes the sets of experimentaksvon fiber reinforced expansive
soils as well as the analysis of effect of Posidooceanica ash on the physical

properties of these types of soils.

This study is comprised of five chapters. Chapténcudes a literature survey on
expansive soils and method of their improvementtuding chemical stabilization,
soil reinforcement, and the combination of both hods. In the last section of this
chapter, information on certain topics of unsatnlatoils is also given, which
includes methods of suction measurement, soil-wateracteristic curve, and

different empirical models of soil-water charactgd curves.

Description of the materials and methodology usedhis study are included in
Chapter 3. Chapter 4 contains various data anabysis discussion of the results
obtained from measurements of physical propertfeeiaforced and unreinforced
samples. Furthermore, Chapter 5 consists of theabbveonclusions of this study

together with some recommendations for future work.



Chapter 2

LITERATURE REVIEW

2.1 Expansive Soils

Expansive soils are the main cause of damages rietywaof civil engineering

structures including spread footings, roads, higswairport runways, and earth
dams constructed with expansive soils. High plaskays and clay shales, marls,
clayey siltstones and saprolites (classified asaegpe soils) mainly consist of

montmorillonite mineral.

Expansive soils are usually found in arid and sand-regions of tropical and

temperate climate zones. Shrinkage and swelling\behof expansive soils due to
climate changes cause movements in a foundatioithwihcrease the possibility of

damage to the civil engineering structures. Movemén foundations are generally
the cause of the major structural damages relaieexpansive soils. Changes in
moments and shear forces occur due to the diffieienbvements which are caused
by concentration of loads that were not previoustgounted in standard design.
There are different types of damages due to cartstigion expansive soils. These
damages can be classified as appearance of cnagkgvements and floor slabs,
beams, walls, and drilled shafts; wedged or misaligdoors and windows; and steel

or concrete failure.

Lateral forces may possibly initiate collapsingtbe basement and retaining walls,
principally in over consolidated and nonfissuredssorhe extents of damages to

5



structures are widespread, prejudicing the usessld the structure, and influence
by environmental conditions. Maintenance and répgiare required expenses that
may grossly exceed the original cost of the fouledafUSA army technical report,

1983). Problems of expansive soils result from dewrange of factors such as
shrinkage and swelling of clay soils resulting fromoisture changes, type of the clay
size particles, poor surface drainage of the gadta resulting from applied load.

Other factors include pressure of the backfill ssdlil softening, weather, vegetation

the amount of aging (Chen, 1988; Lucian, 1996; Ray, 1999).

The depth of active zone is significant in contrglthe swell potential of the soil
profile. The region that is near enough to the gbsurface is defined as the active
zone or seasonal zone in which the soils experiengaoisture change due to
precipitation or evapotranspiration in cycle withetclimate changes (Hamilton,

1977; Day, 1999 and Chen, 1988).

It has been proved that every year in the USAjond#l of dollars is spent for
repairing the damages caused by expansive clayse fan any other natural
hazards (Jones and Holtz, 1973; Chen, 1988 and &89). Damages related to
expansive soils have not been recognized until 493@ first observation about soil
heaving was observed in 1938 (Chen, 1988). From tiwe researches on expansive
soils have been started. Swelling and shrinkingalsiein of the expansive soils is

caused by montmorillonite mineral.

According to Chen (1988) montmorillonite is madeaifa central octahedral sheet,

which has a 2 to 1 lattice structure that is ocedgby aluminum or magnesium,



sandwiched between two sheets of tetrahedral silitcconsists of three-layer clay
mineral which has a structural configuration andmftal makeup, which permits a
large amount of water to be adsorbed in the interland peripheral positions on the
clay crystalline, resulting in the remarkable swgllof soil (Patrick and Snethen,

1976).

One of the most expansive type of clay mineral antmorillonite and its structural
formula is Al4Si8020 (OH)H20). Montmorillonite mineral has the exchange
capacity of is 80 ~ 150meq per 100 g (Li et al92)9 Expansive soils are distributed
all around the world. Northern Cyprus is one of ttwuntries that existence of
expansive soils has been reported in recent papetsconferences. As Jones and
Holtz (1973); Chen (1988) stated this type of swihamed as “hidden hazard” that
cause loss of millions of dollars every year in lA.9Vlany factors can influence the
behavior of the soils; these factors are as folldivs existence of type and quantity
of minerals, the specific surface area, soil stmectand exchangeable cations’

valency has an effect on the mechanism of the sweglMitchell, 1993).

Expansive soils are made up of clay particles ribsuilt from the alteration of parent
materials. Alteration takes place by several preegs weathering, diagenesis,
hydrothermal action, neoformation, and post depost alteration (Grim, 1968).
Most clay minerals are transported by air or wateareas of accumulation. Once
deposited, the materials are subjected to the looalditions of accumulation
(overburden), followed by erosion which makes up gleologic stress history of the

materials (Tourtelot and Harry, 1973).
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Figure 2.1: Schematic diagram and properties of cimerals

2.2 Stabilization of Expansive Soils

Soil stabilization with the use of chemical addisy pre-wetting, Compaction
control, preloading, water isolation is common grdimprovement methods that are
the solution of swelling problems (Guney et al., 080 Among stabilization
techniques chemical stabilization is the most fesjly used since it provides fast,
efficient, repeatable, and reliable result in inying soil properties (Hausmann,
1990). Most of the researches have been on chestatailization of expansive soils

by cement, lime, fly ash, slag, and bituminous mal®

2.2.1 Chemical Stabilization

2.2.1.1 Lime

Lime stabilization is an effective method to staigilexpansive soils. The aim of lime
treatment is to strengthen and minimize the volwm@nge of soil in railroad beds,

pavement subgrades, and slopes. This treatment sways successful because the

8



usefulness depends on the reactiveness of thevabilime and the distribution of

lime mixed with the soil (USA Army Technical Manuab83).

Depending on the composition of the soil, the rieastthat occur between lime and
soil can be as follows: ion exchange, flocculaticarbonation, and pozzolanic
reaction. Cation exchange and agglomeration/flatmn reactions occur when lime
is added to the soil. After mixing this reductionglasticity and improvement in the
workability of practically all fine-grained soilscour immediately (Thompson,

1964).

Stabilization of clayey soils with lime or cemergncimprove subgrade properties
even at lower cost than removing or replacing niter increasing thickness of the
base to reduce subgrade stress (Prusinski andaBhatfa, 1999). Due to this reason
many researchers have focused on stabilizationseyaf lime or cement in 19
century. Series of laboratory tests have been padd by Locat et al. (1996) in
order to predict the mechanical behavior of dredgediments used in reclamation
projects. He has observed a linear relationshiwdsn preconsolidation pressure and
lime concentration and curing time. He noticedrarease in hydraulic conductivity
by introducing lime because of flocculation reactiand formation of secondary

minerals.

Kelley (1976) identified soil layers that has bestabilized with lime can perform
very well and can survive with high strength praiesrfor even more than 40 years.

Extensive experimental study by Thompson and Deyn(E@69) and Little (1995)



has verified that once the soil is stabilized Withe the rate of strength reduces due

to the wet-dry and freeze-thaw cycles.

Locat et al. (1990) has investigated on the additb quicklime to sensitive clays
and verified that even if the water content is abdéwe liquid limit, a significant
increase in strength can be achieved if enough éimesupplied and sufficient time
is given for curing. In soil liming process, theognition of strength enhancement is
based on the detection of physical and chemicgbepties of soil particles. It has
been found that there is a correlation between mwed@tent and strength, at a

specific time.

Kassim and Chern (2004) have highlighted the emgdeatssessment of lime
stabilization sustainability with respect to mireacal influences. For this purpose,
different amounts of lime contents have been addéde soil and an increase of 2.5
to 11 times of untreated soils in unconfined coreginge strength has been observed.
After 14 days, the formation of calcium aluminasédate hydrate (CASH) observed
from x-ray diffraction test, which indicated that,new product can form with the
addition of lime. One of the advantageous of siaht soils with lime is that it can
transmit a yield stress to the clay soils (Okumeaad Terashi, 1975;

Balasubramaniam et al., 1989; Rao et al., 1993).

According to Vaughan (1988), if the soil of loadieds than its yield stress very
small deformations can be observed. When the sdddded to its yield stress, the
bonds are destroyed progressively and large stoEmslop. Rao et al. (2005) have

examined the compressibility of soils improved withe and proposed a framework

10



for saturated lime enhanced clays. Lime stabilimatieactions in lime stabilized
specimens are observed to cause an improvemeheigie¢ld strength in about the
range of 3900-5200 and the compressive behaviothe$e specimens in are
conformed to framework for saturated lime enhandegs (Rao and Shivananda,

2005).

The effect of cyclic wetting-drying on swelling hor of lime-enhanced clay soils
has been examined by Guney et al. (2006) by mewgsdne swell potential and
swelling pressureln each cycle, the samples have been led to drghénroom
temperature to their initial water content andrgkito their initial height and volume,
which is known as ‘partial shrinkage’. As a rediié effect of lime has been lost
after completion of the first cycle and improvemehtswelling potential has been
observed with an increase in number of cycles. €maly, the swell potential and
pressure of the natural soil samples have redutedthe first cycle and equilibrated
after the completion of fourth cycle. Applicabilityf the in-situ method of lime
stabilization has been performed in Ankara provjriekar Yurtcu village road by
(Kavak and Akyarli, 2007). Amount of 5 percent lithas been chosen to apply on
section of the road with a thickness of 30 cm aewigth of 200 m. Results of
California Bearing ratio (CBR) tests illustratedinorease that reach 16 and 21 times
of the initial CBR values measured after 28 daysil& enhancements have been
observed in unconfined compression and plate lgalists. The results verified the

behavior of the surface treatment with lime andpplicability.

Stabilization with lime is not only used for impemwent of clayey soils but also used

for improvement of sandy soils. Arabani and Karg2007) have studied some
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important geotechnical properties of clayey sanchsas unconfined compressive
strength, tensile strength, CBR, and elastic-pdaséihavior. Samples of soils with
desired gradation have been taken from field andnstituted in the laboratory. The
mixes were improved with hydrated lime and treatifferent tests were performed
on natural and cured samples. A relationship betvee results of uniaxial load test,
tensile strength, and CBR of the tested specimassbkeen established. In addition,
results of the unconfined compression test andink@ect tensile strength test
proved that raise in clay content up to a certamc@nt, in the clay-sand fills, tends to

increase compressive and tensile strength of therraks.

Amu et al. (2008) investigated the lime treatmentlateritic soil mixed with
portions of palm kernel shells (PKS). Lime with gemtage of 2,4,6,8, and 10 % by
weight were added. Although liquid limit, optimumorsture content, and shear
strength increased with addition of lime and PKSieduction in maximum dry
density (MDD) and unsoaked CBR values as well aspressive strength have been

observed. Concluding that, PKS is not a good supgie for lime.

2.2.1.2 Fly Ash Treatment

Fly ash which is a chemical additive has been farime compounds such as silicon
and aluminum, which is a consequence of the coahbeostion. Its role in
stabilization process is to act as a pozzolan ara¥a filler to reduce air voids (U.S
Army technical report, 1984). Fly ash is a kindatifaline material which is mainly
composed of spherical non-crystalline silicateyrahum as well as iron oxides. It
can provide multivalent cation (C%l Al etc.) under ionized conditions, which

would support flocculation of clay particles byioatexchange (Cokca, 2002).
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Kumar and Sharma (2004) have studied the improvewfeproperties of expansive
soils with the addition of fly ash as an effectasditive. They have estimated the
effect of the fly ash on the properties such asllsweparameters, plasticity index,
compaction characteristics, strength behavior, lardtaulic conductivity of fly ash
enhanced expansive soils. They observed that hydreanductivity, the plasticity
and swelling parameters of the mix reduced anddtlyedensity and compressive
strength enhanced with an increase in fly ash cbnf¥éhe more the ash contents the
more the penetration resistance of the blends if@ngwater content. An excellent
relationship has been obtained between the measmeg@redicted undrained shear

strengths.

There are different types of fly ashuncer et al. (2006) have compared the effect of
fly ash type on CBR values of the mixtures preparét the different types of off-
specification Dewey and King fly ashes and fly @lass C Columbia fly ash.
Observation illustrated that mixtures prepared vithand 18% Dewey or King fly
ashes have higher CBR values than the values ebt&iom Columbia fly ash. Thus,
Dewey or King fly ashes are sufficient for stabilz soft soils (Tuncer, Acosta and
Benson, 2006). Coal fly ash has been widely usedtabilization of different kinds

of soils, since it has some pozzolanic propertids.an artificial pozzolan when it is
mixed with lime and water, a cementitious compouiitiform. Coal fly ash is one

of the most commonly used, pozzolan in the worldui@de, 2010).

Nalbantoglu and Guchilmez (2002) reported on theellswpotential and
compressibility of Degirmenlik soil (LL=67.8, PI=49 stabilized with fly ash.

Reduction of swell potential parallel to the enklament of cure time has been
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concluded. After curing 7 days, swell values of%4.8nd 3.7% were observed for
15% and 20% fly ash addition, respectively. The passion (¢) and rebound (¢

indices decreased as curing time and fly ash coimereased.

Zia and Fox (2000) evaluated the swell potentialoo¥ plasticity (P1=0) Indiana
loess-fly ash mixtures. Swell was measured duraking of CBR samples. Ten-
percent fly ash addition caused a swell reductibf586 compared to loess alone.
With higher compaction swell magnitude for the 18&mples increased. Samples
containing 15% fly ash actually exhibited a 255%r&ase in swell potential over the

loess soil. Zia and Fox (2000) attribute this betwato the formation of ettringite.

2.2.1.3 Cement Treatment

The behavior of the soil can alter with the additad Portland cement to soil. These
changes are caused by the hydration of the cemaedt,therefore the amount of
cement is crucial on the behavior of the soil (MeKe1976). To reduce volume
changes and to increase the shear strength of gi¥pasoils, cement may be added
in a cast that degree of soil stabilization by limene might not be sufficient.

Usually the combination of lime-cement or lime-cemafly ash may be used as the
overall additive; however the greatest combinattan merely be determined by a
laboratory study (Army USA, Technical Manual, Foatidns in Expansive Soils,

1983). The main distinction between cement and-ktadilization is that in cement-

stabilization, the cement requires some ingrediéatshe pozzolanic reactions, but
in lime-stabilization, the soil should provide past the reactants. Therefore,
cement/soil mixtures can solidify faster than lisme/ mixtures, although both

mixtures may gain strength with time.
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2.2.1.4 Bituminous Material

Granular materials of base and sub-base bituminaisrials are extensively used to
stabilize soils for different applications. Firstlays must be modified with lime into
a granular material as the bituminous materialsnctbe used directly with fine-
grained soils (Army USA, Technical Manual, Founda$i in Expansive Soils, 1983).
Determination of the plasticity index and the grsire distribution of the soil might

be helpful in selecting the best additives as suria®a in Figure 2.2 by Dunlap et

al. (1975).
I Cement stabilization
— PII0 Bituminous stabilization
Additional requirsment for base
— courses: PI<6, PI- (%% passing
=13 “a 10 200 sisve)
Plerfnr:m | passing <712 (Expedient)
sieve n_o.ll}l} < (Nonexpedient)
analysis sleve
test I Cement stabilization |
— PI=10 |
! Lime stabilization |
I I Cement stabilization |
Add suficient lime to — ———
Perform reduce PI<10 (subgrade) ﬂ Bituminous stabilization |
gngrberg — | PI>6 (Basze courss)
limit test >23% |
SSHIE ilizati
L Ei,:[:-[; 10<PI<30 1 Cement stabilization |
sigve I Lime stabilization |
Add sufficient lime
— toredues P30 —] Cement stabilization |
PI=30 ||
! Lime stabilization |

Figure 2.2: Selection of stabilizer (after Dunldk 1975)

2.2.1.5 Posidonia Oceanica Ash
Posidonia oceanica meadows are the most suitabkgiaglant for bio-monitoring.

The bio-monitoring is occurring through the contasld inspection of this kind of
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seaweed because of its distribution, acceptabée e&sy collection, availability and

sensitivity to adjustments of littoral zone.

The presence of this organism in a particular emirent indicates that its
ecological requirements are fulfilled, while itsmghing confirms an alteration in the

environment; which is the basis of "sentinel spgc{8landin, 1986).

In winter and spring seasons this type of seagiéessip near the Mediterranean Sea.
There exists a great deal of research on Posidoreanica. Posidonia oceanica
meadows play an ecological, sedimentary role (Bell Harmelin-Vivien, 1983;

Grissac and Boudouresque, 1985; Gambi et al., 1R8®ero et al., 1992; Duarte,
2002). The chemical composition of the Posidoniaanica ash shows it mostly
contains: 71% of nitrogen and carbon, 29% of phosh and 14% of hydrogen.

Other analysis indicates 29% of phenolic compouwsmt$ stress enzymes (Pergent-

Martini et al., 2005).

Another aspect is the study of Posidonia ocearactamination which indicates that
in particular different amounts of mercury, coppeadmium, lead, zinc, iron,

chromium and/ or titanium (Martinia et al., 2005).

Many literatures about ecological and biologicapeats are concerned of some
issues such as deposition of Carbon and nutrierd iMediterranean Posidonia
oceanica (Gacia et al., 2002). Investigational podgarticle resuspension reduction
within a Posidonia oceanica has been documenteBelnados and Duarte (2000).

Impact of infield experimental works on the Posidonia oceanica, armanaal,
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physical and spectroscopic properties of Posidaeanica and their possible
recycle has been analyzed by Cocozza et al. (20b@ye are many more researches
about ecological, nutritional, and biological agpeaf Posidonia oceanica; however
it cannot be found a research about the applicatioRosidonia oceanica ash in

geotechnical science.

The ash content, which can be stated as the imtialweight percentage, can be
achieved by burning in a muffle furnace at 55fr 12 h (Cocozza et al., 2010).
Posidonia oceanica is common seaweed of the Mealitean Sea, which grows all
along the coastal area and forming widespread mesddarting near the water
surface to depths of 40 m (Duarte, 1991). Amondha&l aquatic plants, Posidonia
oceanica is the most plentiful seagrass type inlkthgin of Mediterranean Sea,
approximately covering 40,000 Krarea of the seabed (Cebrian and Duarte, 2001).
The leaf rejuvenation cycle of Posidonia oceanitzcgss typically occurs in fall,
when an increase in wave action causes the seawe&dssport. Indeed, noticeable
deposits of Posidonia oceanica leaf usually pilpsalong the coastal areas (Ott,

1980).

In this study the use of these litters in soil 8izdition and in geotechnical
engineering will be analyzed. The ash content aelidy oven dried crushed pieces
in 550° for the duration of 24 hours has been used to ooits affect on Atterberg
limits, grain size distribution, swell potentialhcdhcompressive strength of the soil-

PO ash mixture of 5 and 10%.
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2.3 Expansive Soils Reinforced by Geotextiles andeBmembranes

2.3.1 Introduction and Historical Development

According to the American Society of Testing Madési (ASTM D4439),
geomembranes are impermeable synthetic liners wielmthat have been coated
with a geotechnically engineered material to cdrfttad mitigation in human made

structure or system.

According to Koerner (1980), designing with geo$wtics is generally prepared
from very flexible continuous polymeric sheets. Bgturating geotextiles with

elastomer sprays or bitumen composites geomembcamelge produced.

Koerner (1980) classified seven fundamental sofrtgemmembranes: Chlorinated
polyethylene, chlorosulfonated polyethylene, ethgleinterpolymer alloy, high-
density polyethylene, polypropylene, polyvinyl chée, and low-density

polyethylene

Most of the geosynthetics are made of syntheticymets for instance

polypropylene, polyester, polyethylene, polyami&®/C, etc. These materials are
extremely opposed to biological and chemical degfiad. By the method used to
combine the filaments or tapes into the planarileestructure, geotextiles can be
produced. Classification of soil synthetics andeotsoil inclusions can be observed

in Figure 2.3.

Geomembranes were produced and used in Européenedt situations. The Dutch
widely used them in protecting the dyke surge qoisibn in North Sea areas in the
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early 1950s. In the 1960s; the Du Pont Companyh@an Wnited States has been
recognized as the manufacturer of geomembranesugidPolypropylene, which
was bonded and coated with ethyl vinyl acetate (EYAgive it an impermeable
surface, has been produced. DuPont called thisuptddeomembranes typer”. Dr.
Harry Tan, the DuPont Company’s geotechnical cdastjl viewed the typer as a
means to control the moisture alterations in expansoils (Steinberg, 1998)
Geotextiles are convincingly impermeable and tlweethey propose many solutions

to the challenge of expansive soils.
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Figure 2.3: Classification of soil synthetics artdes soil inclusions (Holtz and
Robert, 2001)
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2.3.2 Overview of the Literature

According to Heineck et al. (2005) experimentalutesscollected over the last 20
years illustrate the potential of polypropylene efibfor soil reinforcement.

Researchers such as Gray and Ohashi (1983), Gdakldrefeai (1986); Maher and
Gray (1990); Al Refeai (1991); Maher and Ho (199Ranjan et al. (1994);

Michalowaski and Zhao (1996); Morel and Gourc ()9@nsoli et al. (1998, 2002,
2003b); Zornberg (2002); and Michalowaski and Cé&rn{@003) who have

investigated the use of polypropylene fiber fot stabilizations.

Heineck et al. (2005) reported that no influenceirotial stiffness of the materials
has been observed with the addition of the polyylespe fibers at very small strains.
In contrast, a noticeable effect on the ultimatersjth of reinforced soil has been
recorded at very large horizontal displacementspitie the fact that no loss in shear
strength was indicated. Another concept, which bhaen studied by Zaimoglu
(2010), was freeze and thaw behavior of polyprapgl&ber reinforced fine-grained
soils. It was found that during freeze and thawleyowvith an increase in fiber
content improvement unconfined compressive strengthspecimens can be
observed. Alternatively, the results showed a @nistalue of initial stiffness of the

stress—strain curves with addition of fiber.

One of the main concerns in cold climates is fresze thaw phenomena is that an
alteration of the soil properties including permégh water content, stress—strain
behavior, failure strength, elastic modulus, cabresand friction angle can happen
once the soil freezes. Effect of freeze and thaglesyon fiber reinforced expansive

soils has been investigated by Ghazavi and Rou@8i0). They reported that the
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reduction of unconfinedompressive strength of clay samples can be olbevith

an increase of number of freeze—thaw cycles. M@aecan increase in unconfined
compressive strength of soil results in the reductf the frost heave. Furthermore,
the results inferred that addition of fiber careaffthe strength of soil in opposition

to freeze—thaw cycles.

The study of the deformation behavior of moist-cantpd soil liners with and

without inclusion of discrete and randomly disttda fibers for waste containment
systems has been done by Viswanadham et al. (200G onset of non-uniform

settlements in a geotechnical centrifuge. Basetherfindings it was concluded that
there is a considerable potential for fiber reinéonent to lessen and to retard soil
crack potential in a randomly reinforced soil lingvhile retaining its hydraulic

performance at the same time. Swelling behaviogadifiber-reinforced soils has
also been studied by these researchers for fibedsfferent aspect ratios. It was
observed that a reduction in heave occurred atdepect ratios, where swelling
pressure was at its maximum value. Finally, with tise of the soil-fiber mechanism

by which fibers has restrain swelling of expansué is explained.

In order to comprehend the strength behavior ofssand to evaluate the
appropriateness of using sisal fiber as reinforcemeaterial Prabakar and Sridhar
(2002) conducted a series of experiments on sailpsss of different percent sisal
fiber. The results have shown a significant develept in the failure deviator stress
and shear strength parameteend¢ of the studied soil. Consequently the sisal fiber

can be classified as a superior material to regefcoils.
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An increase of shear strength of the soil reinfdregth polypropylene fiber was
presented by Freilich et al. (2010). Accordinghis tstudy, the presence of the fibers
altered the behavior of the clay during shearinigictv consequently caused changes

to the generation of the pore pressure.

Loehr et al. (2000) investigated that with additioh fiber reinforcement the
reduction of swell potential of soils can be obseénSignificant reduction of volume
changes were reported with inclusion of discreteerB in expansive clays once
subjected to one-dimensional free swell. Hencegtisea great potential for reducing
the harmful effects on buildings, earth retainitgctures and roadways with a high
potential for controlling volume change behaviahdf dosage rates are important as

well as the issue of adequate sample size fontgstfifiber-reinforced soils.

Harianto et al. (2008) used polypropylene fibesHg} to reinforce soils to overcome
problems related to desiccation cracking of the macted Akaboku soil. He
established that the highest crack depth occura tiepth of almost 50% of the
thickness of the unreinforced soil. The authors cbmted that the potential
application of reinforcing soils with fibers can beunted as a presented method to

restrain desiccation cracks which can be facedndfill cover barriers.

Fiber reinforcement of soil is not just applicalile clayey soils but also to
reinforcing sands against settlements. Consoll.2803) discussed the settlement
of thick homogeneous layers of compacted polypmemyifiber reinforced based on

their research on sandy soils. They have obserwadil@e stiffer response with an
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increase in settlement. In triaxial tests, an iasesin the lateral stresses underneath

the plate has been out looked.

In most cases, fiber reinforcement of sand is ajdiquefaction potential of the
soils. Yetimoglu and Salbas (2002) have studiedngth behavior of the fiber-
reinforced sandnd observed an increase in residual shear stregjte. Static
liquefaction of fiber-reinforced sand under monatdoading has been analyzed by
Ibraim et al. (2010). He explores the opportunity improving the monotonic
undrained response of loose clean sand by absorpfiche sand with discrete
flexible fibers. The potential for the occurrendeliquefaction in both compression

and extension triaxial loadings has shown a sigguifi reduction.

Diambra et al. (2010) have tested the effect oftsholypropylene fibers in triaxial
tension and compression. The role of fibers imsgfilgening the sand was significant
in compression while restrained in extension whierdepends mainly on tensile

strains.

Kim et al. (2008) used waste fishing net as a fibginforcement to improve
mechanical behavior of lightweight soils (dredg&d/ey soil, cement, and air-foam).
He investigated the strength behavior of reinforeed unreinforced lightweight
soils. The results indicated that with about 0.26@maximum compressive strength
has been obtained. The compression propertiesgbfweight soil, including the

yield stress and compression index, did not depenthe type of curing.
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Sulphate rich expansive soils has been stabilgigldl the use of Class F fly ash,
bottom ash, polypropylene fibers, and nylon fibargl it has been recognized as
potential stabilizers in improving the volume chasgwhich has been done by
Punthutaecha et al. (2006). Two different type udggade soils from two locations
in Texas have been chosen for a comprehensive imgrgal study. Swelling-

shrinking and plasticity have been reduced by 2@6-8@th an introduction of ash

stabilizers; while introduction of fibers bring aliovarious improvements. The
mixed class F fly ash and nylon fibers were thetreff&cient materials to be used on
both Dallas and Arlington soils, where the soil gdies have been considerably

improved from an average to a moderate level.

Shenbaga and Gayathri (2003) have carried out easfigation on the effect of
randomly distributed fiber inclusions on the gebtdcal behavior of two different
Indian fly ashes. With the introduction of fibecsraw fly ash specimens the strength

increased and brittle behavior has been alteredduttile behavior.

Investigations on the influence of fly ash, limedgpolyester fibers on compaction
and strength properties of expansive soil showekpansive soil can be effectively
stabilized by the combinations of fibers, lime, dlydash (Kumar, Walia and Bajaj,

2007).

Strength and mechanical behavior of cemented amdreinforced by discrete short
polypropylene fiber (PP-fiber) have been invesgdaby Tang et al. (2007). They
have found that the bond strength and frictionha interface appear to be the

principal mechanism managing the benefits of fileemforcement. The friction at the
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interface in fiber-reinforced non-cemented soilvgbdlifferent behavior than fiber-
reinforced cemented soil. Several factors whicly @a important role in altering
micromechanical properties of fiber/matrix intedacan be explained as binding of
materials in soils which cause an increase in thenal stresses around the fiber
body, the effective contact area of the interface fiber and the surface roughness.
Repeated loading of the sub-grade soils in roa@pawt is a serious issue causing

the pavements to lose strength and reach the éalayel.

DallAqua, Ghataora and Ling (2010) performed ser#é cyclic loading tests on
fiber-reinforced soils and came to the conclustuat teinforced and stabilized soils
reach to a sufficient strength after soaking wiiah be applied in the upper parts of
a pavement Consoli, Bassani and Festugato (2010rmed the differentiations in
the strength of cemented sandy soils with and witlaldition of fiber. The amount
of cement, porosity, water content, and voids/cenpeoportion were distinguished
as controlling parameters. Then it was inferred tie unconfined compressive
strength increased linearly where there is a reésluctement amount and the
enhancement in porosity for both the fiber reindat@and unreinforced specimens.
The outcome of the tests on the study of the machBbehavior of lime treated and
reinforced soil has clearly shown that inclusionpofypropylene fiber and lime in
soil can recover compression and shear strengtti, raduce the swelling and
shrinkage potential and it also can change theriaifeature of soil from brittle to
ductile behavior. Thus, polypropylene fiber anddimixture can be considered as an

efficient method of stabilization (Cai et al., 2006
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Ayyappan et al. (2010) have done investigation ogireeering behavior of soils
reinforced with mixture of polypropylene fibers afig ash for the purpose of road
construction. Primary conclusions obtained frons timvestigation indicate that as
length of the fiber increases the peak compresdremgth decreases, while the strain

energy absorption capacity improve in all combiradi of soil and fly ash.

2.4 Unsaturated Soil Mechanics

Soils situated above the ground water table andpeoted soils are basically
unsaturated, and as a result of evaporation andpnation of vegetations, they have
negative pore-water pressures. The top soil locatsd the surface can highly be
affected by climate changes which subsequently #ite shear strength and volume

change properties (Rahardjo et al., 2002).

The general field of soil mechanics can be divioid two parts: saturated soils and
unsaturated soils. There are basic differenceleémature and engineering behavior
of the saturated and unsaturated soils due toegxistof two phases in saturated soils
and three phases in unsaturated soils. Soils ¢to#ee ground surface in arid and
semi-arid climates are subjected to negative pa@twpressures (suction) and
possible desaturation. The soil-water characiegstrve (SWCC) is the correlation
between suction and water content for an unsatirsaé (Ng and Menzies, 2007)
Terzaghi (1943) stated that “the theories of sakhanics provide us only with the
working hypothesis, because our knowledge of trexage physical soil properties
of the subsoil and the orientation of the boundabietween the individual strata is

always incomplete and often utterly inadequate.”
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Constitutive relations for the classical soil meatba were proposed in 1970s
(Fredlund and Rahardjo, 1993). Primarily, the stoflgeepage, shear strength, and
volume change problems are the main focus of thestitative surfaces.

Progressively the behavior of unsaturated soilddcba classified as an addition to

saturated soils (Fredlund and Morgenstern, 1976).

Numerous studies extend volume change and sheengtir in the form of
elastoplastic models from the saturated soil cbacto unsaturated soil states

(Alonso et al., 1990; Wheeler and Sivakumar, 1®81&tz and Graham, 2003).

Seepage modeling for soils is the first of the tursded soils problems. The 1990s
was a period that there has been an emphasis getfmance of unsaturated soil
mechanics into regular geotechnical engineeringe frimary stages in the
development of a science suggested by NishimuraFaedlund (2000) consist of
establishing the stress state variables, consttutelations, formulation, solution,
design, verification and monitoring and implemeiotat Research is required for all
of the mentioned stages in order to establish atiped, efficient, cost-effective,

approach (Fredlund, 2006).

2.4.1 Soil Suction

Soil suction is a measure of the free energy optire-water in a soil. Soil suction is
the tendency of soil to retain water and providerimation on soil parameters that
are influenced by water; for example, volume chardgformation, and strength
characteristics of the soil. Soil suction is depamdn the initial matric suctiont]
defined as the negative pore-water pressure indhelue to capillary and adsorption

forces. It is the difference between pore-aig) (and pore-water pressureyju
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Osmotic suction¥,) corresponds to the negative pressure of thendodh is related
to the amount of dissolved salt in pore-water. Otieesoil looses its moisture and
gets dry, the concentration of dissolved ions al asthe osmotic component of
suction increases (Peroni and Tarantino, 2003)alTstiction includes osmotic
suction and matric suction. Low and high rangesuattion can be determined from
different methods. In low suction ranges, measurgmethods are generally based
on passage of free water, such as axis-translmmique, and only matric suction
can be measured. In high ranges of suction totatisu is measured and
measurement techniques are based on vapor migraimm as in psychrometer.
Therefore it is important to know for which rangebat is the suitable method.

Methods of suction measurements are summarizedbte™.1.

2.4.2 Suction Measurements

There are different direct and indirect suction sugament technigues. Table 2.1
shows summary of different methods of suction measent. Suction can be
measured as total suction or matric suction. Meagumatric suction includes
tensiometer; axis translation techniques, eledftimrmal conductivity sensors, and
contact filter paper techniques. Tensiometers nreasegative pore water pressure
directly. Axis translation techniques depend on tagiing the dissimilarities
between the pore-air pressure and pore-water pessand measuring the
corresponding water content of soil in balance witie applied matric suction.
Electrical or thermal conductivity sensors, oftafled as “gypsum block” sensors,
are used to indirectly correlate matric suctiotht® electrical or thermal conductivity
of porous medium surrounded in a mass of unsatlisa# Finally, the contact filter
paper technique depends on the water content nezasat of small filter papers in

direct contact with soil specimens. In each of ¢hesases, water content
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corresponding to the measured suction is considerpdbduce data points along the
soil-water characteristic curve. The characteristicve can either be a wetting or
drying cycle depending on the wetting path durilhg tmeasurement (Lu and

William, 2004).
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Table 2.1: Common laboratory and field suction meament techniques (Lu and William, 2004)

Suction Technique/Sensor Practical Laboratory/ Field References

Component Suction

Measured Range (kPa)

Matric suctior ~ Tensiometel 0-10C Laboratory and fiel Cassel and Klute (1986); Stannard (1¢
Axis translation techniques0-1,500 Laboratory Hilf (1956); Bocking and Fredlui1980)
Electrical /thermal 0-400 Laboratory and field Phene et al. (1971al1b#Fredlund
conductivity sensors and Wong (1989)
Contact filter pape Entire rang Laboratory and fiel Houston et al. (199
method

Total suctiol Thermocouple 10C-800C Laboreory and fielc Spanner (195.
psychrometers
Chilled-mirror 1,000-450,000 Laboratory Gee et al. (1992); Wiedldrfl1997)
hygrometers
Resistance/ Entire range Laboratory Wiederhold (1997); Albreehal. (2003)
capacitance sensors
Isopiestic humidity contri  4,000-400,00(  Laboraton Young (1967
Two-pressure humidi 10,00(-600,00( Laboraton Likos and Lu (2001, 2003
control

Noncontact filter paper  1,000-500,000 Laboratory and field Fawcett and Collis-George (1967); McQueen
Method and Miller (1968); Houston et al. (1994);
Likos and Lu (2002)




2.4.3 Soil-water Characteristic Curve

The soil-water characteristics curve defines theetation between soil suction and
the degree of saturatio8, or gravimetric water content, or the volumetric water
content,0. SWCC is a relationship that shows the behavidhefsoil during wetting
and drying. Soils with low water content have highection values and vice versa. It
consists of the two paths of drying (adsorption) @Wand wetting (desorption)
SWCC. The wetting path is started from oven-drieddition. Therefore, from oven-
dried condition the wetting process continues uidil saturation. Oven-dried soils
normally have suction of 1000000 kPa, which is ltst value on the x-axis of the
soil water retention curve. Croney and Coleman {}96dicated that when water

content is zero, total suction for a most rangsaiif is vaguely below 1000000 kPa.

Fredlund and Rahardjo (1993) also indicated suctadnes of 98000 kPa for various
sand and clay soils for zero water content. Thegmarthic considerations also
support these values (Richards, 1965). Type, textund mineralogy of soils affect
the soil water retention and the suction valuesm@action with different water
content values cause differences in fabric of tike(kambe, 1960; Gens et al., 1995;
Delage and Graham, 1996), due to different voidosaand compaction energy
needed. Soil-water characteristic curve consistliftdrent stages that can be seen in

Figure 2.4.

With the use of well-known models, most of the mtjes of the unsaturated soils
such as hydraulic conductivity and the shear strefighctions can be estimated by

the use of SWCC (Vanapalli and Fredlund, 2000 stress states in soil-water and
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pore size distribution are essential informatiotatieg to the amount of water

existing in pores at any suction value (Silleralgt2001).

Soil-water characteristic curve consists of thiages of capillary or saturation zone,
desaturation zone, and zone of residual satura@apillary zone is the zone at
which soil remains saturated or does not lose dgsture due to capillary forces and
the waters inside pores that are in tension. Atter air entry value, which is the
desaturation zone, soil specimens start to dryesatlirate. This is because at air

entry value the air starts to replace its positigin water.
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20 + \ zone
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Figure 2.4: Typical soil- water characteristic eiyicurve, illustrating the regions of
saturation and desaturation (Sillers et al., 2001)

2.4.4 Soil-Water Characteristic Curve Models
Nishimura and Fredlund (2000) review different &rig mathematical equations and
models that have been proposed to describe SWC@e Pa2 shows the different

models of SWCC, from which unsaturated hydraulioperties of the soils can be

estimated.
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Table 2.2:Some of the models proposed for SWCC (after Fratjlaa00)

Author (S) Equation Soil Parameter
Fredlund I 1 &, n, my
and Y
Xing (1994) '”[“hf] L
w, =w,|1- e mf
1 ng
In(1+h] In| exp(l) + Y
f i af
van Genuchte T
(1980) W, =W W~ 1 1 . avg, Nvg, My,
w rvg s rvg nvg ”\/g
+aw) ™| " |
Mualem 1
1976 , N, My=1/(1-
( ) szwrm+(Ws_Wrm) 1 [ 1} aﬂ nn mﬂ ( nn)
n —
b+ @] |
Gardner 1
(1958) WW = Wrg + (WS - Wrg) n ag, rb
|] +a’ |
Burdine W,

(1952) W — fi 7 My
()]
ap

8, N, My =2/(1-1)
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Chapter 3

MATERIALS AND METHODS

3.1 Materials

3.1.1 Soil Sample

The soil used in this research has been obtainech fihe campus of Eastern
Mediterranean University in North Cyprus. The phgsiproperties of the soils are
shown in Table 3.1. As indicated, the soil has Ipigsticity index. Identification,
description, and classification of these typesailssare based on Atterberg limits.
According to Nelson and Miller (1992) classificatimethod given in Table 3.2, the
soil used in this study is clay with high swell @atial. Linear shrinkage can be used
as a reference to estimate the probable swell perge and the degree of expansion
by Altmeyer (1955) criteria given in Table 3.3. Tleear shrinkage was determined
to be 21% which is greater than 8% indicating thatobable swell would be greater

than 1.5. Hence, it may experience a critical degfeesxpansion.

Table 3.1: Engineering properties of the soil usetthis study

Property

Specific Gravity 2.56
Gravel (>20Qum), (%) 0
Sand (75-20@m), (%) 8
Silt (2-75um), (%) 40
Clay (<2um), (%, 52
Liquid limit, (%) 57
Plastic limit, (% 28
Plasticity index, (%) 29
Linear shrinkage, (%) 20
Optimum moisture content, (%) 24
Maximum dry density, (gr/cfi) 1.497
Soil classification (USCS) CH
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Table 3.2: Expansive soil classification after Ha@hd Gibbs (1956) (Nelson and

Miller, 1992)

Probable
Data from Index Tests based on vertical Expansion
loading of 6.9 kPa (% Total
Volume
Colloid Content  Plasticity = Shrinkage Change)
(% minus 0.0001 Index Limit
mm)
> 2€ > 3E <11 >3C
2C-31 25-41 7-12 2C-3C
13-23 15-28 10-16 1C-20
<1k < 1€ > 1E <1C

Degree

of

Expansion

Very higr

High

Mediunr

Low

Table 3.3: Expansive soil classification after Adiyer (1955) (Nelson and

Miller, 1992)
Linear SL (%) Probable Swell Degree of
shrinkage (%) Expansion
<5 > 1z <0t Non critica
5-8 1C-12 E-1.t Margina
> 8 <10 1.5 Critical

Based on Chen (1965) with liquid limit of 57, whishbetween 40 and 60, again the

soil is identified to possess high degree of exjpangotential as shown in Table 3.4.

Furthermore, Chen (1988) suggested a simplifiessdfiaation scheme for expansive

soils, which was only based on plasticity indexgasen in Table 3.5. With 29%

plasticity index the soil is in the range of highedl potential.

Table 3.4: Expansive soil classification after Cid®965) (Nelson and Miller, 1992)

Laboratory and Field
Data

Percentage  Liquid Standard Probable Degree
Passing No. Limit Penetration Expansion Of
200 Sieve (%) Resistance  (%Total Volume  Expansion
(Blows/ft) Change)

> 9t > 6C > 3C > 1C Very higr
60-95 4C-60 20-3C 3-1C High
30-60 30-40 10-20 1-5 Medium
<30 <30 <10 <1 Low
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Table 3.5: Expansive soil classification after C(i#88) (Nelson and Miller, 1992)

Swelling Potential Plasticity Index
Low 0-15
Mediurr 10-35
High 20-55
Very high 35 and above

3.1.2 Polypropylene Fiber

The polypropylene fiber used in this study is thesmcommonly used synthetic
material due to its low cost and hydrophobic amengically inert nature which does
not allow any reaction with soil moisture or leaigharhe other properties are the
high melting point of 166, low thermal and electrical conductivity, and high
ignition point of 59(F. The physical properties also include the spegjfavity of

0.91, and an average diameter and length of Or@Gnd 20 mm respectively.

3.1.3 Posidonia Oceanica Ash

Posidonia oceanica is common seaweed of the Mealitean Sea, which grows all
along the coastal area and forming widespread nmesddarting near the water
surface to depths of 40 m (Duarte, 1991). Amongha&l aquatic plants, Posidonia
oceanica is the most plentiful seagrass type inkasin of Mediterranean sea,
approximately covering 40,000 Krarea of the seabed (Cebrian and Duarte, 2001).
The leaf rejuvenation cycle of Posidonia oceaniczcgss typically occurs in fall,
when an increase in wave action causes the seaweédstransported. In addition,
Deposits of Posidonia oceanica piles up along tbaestal areas (Ott, 1980).
Posidonia oceanica used in this study has beeactedl from the East coast of North
Cyprus and transported to the laboratory in plastigs. The PO has been washed
several times to remove the soluble salts, airddailed crushed to small pieces in a

food processor to obtain maximum amount of ash lhiculd be produced in a
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small muffle furnace. Ash content, which is expesgsas a percentage of the initial
dry mass was obtained by combustion in a muffladue at 550 for 24 hours.
Final step was to grind the ash in to powder fosimg a wooden pestle. The final

product can be depicted in Figure 3.1.

Figure 3.1: Posidonia oceanica ash

3.2 Methods

3.2.1 Experimental Study on Polypropylene Fiber Reiforced Clay

3.2.1.1 Sample Preparation

One of the drawbacks of using fibers in soil stadtion research is the difficulty in
achieving uniform distribution in compacted soil ridg sample preparation.
Trimming samples after performing dynamic compactis extremely difficult
which yields poor quality specimens. Therefore, dpmum moisture content and
maximum dry density of soil with and without additiof fiber were obtained from
Standard Proctor test according to the ASTM D698¥4 achieve the amount of
pressure needed to reach to the maximum dry deasitptimum water content,

samples of reinforced and unreinforced soil havenbeompacted statically. The
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static compaction done by modifying the CBR instemtn(Figure 3.3) was preferred
due to easiness in achieving uniform fiber distidou in the molds. The pressure
applied to each sample has been monitored anddeddry a dial gauge. From the
graph, the pressure required to obtain maximumdensity has been obtained and
implemented to compact samples directly in the nafldequired size. Therefore
with this method trimming the samples is not regdirFor well mixing water is

introduced to the pulverized soil and has beencdog minimum of 24 hours.

Polypropylene fibers are added to the cured sall lzave been mixed in a mixer to
have the best distribution of the fibers. Figur2 Bresents the view of fiber mixed
soil and as compacted unreinforced and reinforgetimens. The blade of food

processor have been wrapped by stretch film aradriglal tape to avoid the breakage

and cutting of fibers.

Figure 3.2: Distribution of polypropylene fiberssnil-fiber mixtures

39



3.2.1.1.1 Dynamic Compaction

Standard Proctor test (ASTM D 698-91) was usedbtain the relationship between
water content and dry unit weight of samples. Migtuof soil with different water
contents were compacted in standard molds in tlangs (25 blows on each layer
with thickness of 5-8 cm) with the application of automatic dynamic compacter
hammer of 2.5 kg dropping from 305 mm height thadpce a compactive effort of
600 kN-m/m. The compacted samples were then trimnvedjhed and divided into
three and from each part top, middle and bottompéesrhave been taken to measure
the water contents according to ASTM D2216. The imar dry densities and the
corresponding optimum water contents were detemninem the relationship of

molding water content (yvand dry densityp().

3.2.1.1.2 Static Compaction

After obtaining the compaction characteristics pamic compaction, these values
have been used to obtain samples with static ef8aimples at the optimum water
content are subjected to static compaction undereasing pressure in static
compaction molds with a diameter of 50 cm and heafhlO cm. The amount of

applied pressure has been obtained from the ctidibraurve. Then the specimens
have been trimmed and the dry densitities have balenlated to obtain the curve of

maximum dry density versus compactive effort in kPa
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Figure 3.3: CBR equipment and the mold used fdrcstampaction

3.2.1.2 Unconfined Compression Test

The unconfined compressive strength determinatmmtlie intact, remolded, or
reconstituted samples with the application of tkialdoad is done according to the
ASTM D2166-06.In this test method, unconfined compressive streigtaken as
the maximum load obtained per unit area or the Ipadunit area at 15 % axial
strain, whichever occurs first during the perforcamf a test. Samples have been
prepared in optimum moisture content and compastatically by CBR instrument
to achieve maximum density required for the unawdi compression mold.
Compaction of the specimens has been performedtlgiia the mold and has been
extruded by an extruding machine. Meanwhile specsrere monitored to have a
minimum diameter of 30 mm or the height over disaneatio should be between 2
to 2.5.
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3.2.1.3 One-dimensional Swell

To determine swell potential of the soil specimdree swell tests were held

according to ASTM D4546-08. The samples, which ha@en compacted statically
to their maximum dry density, were soaked undeP@-kurcharge pressure in metal
rings with a diameter of 50 mm and height of 19 niilne height of each sample is
trimmed to 15 mm so that there would be enoughespaicthe soil to swell. Each

sample is placed on the porous stone and a fiepat top and bottom of the
specimen to avoid dispersion of the particles (Figi4). Swell starts soon after the
specimen is imbibed in distilled water introducedthe cell. Displacement of the

samples can be monitored by a set of dial gaugespld@ement is measured at

different time intervals until the volume changedanstant.

Figure 3.4: One- dimensional swell equipment

3.2.1.4 One-dimensional Consolidation
These experiments cover processes for obtaining vlkee and degree of

consolidation of soil when restrained laterally andined axially while subjected to
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incrementally applied loads. Preparation and ts&rumental set up are the same as
one-dimensional swell test. This test is appliedoading to ASTM D2435 — 04.
Once the swell is completed the specimens are tbadd the consolidation process
is started. After application of 64 kg of weighetunloading part of the procedure is
started. The soil which has been compressed cgmback to its original height in
the beginning of consolidation test but swellsdaiing another path, the unloading
part of the curve of void ratio versus logarithmpoéssure. Compression index, C
and rebound index, (Care the two indices of the soil, which are thapsl of the

loading and unloading curves respectively.

3.2.1.5 Saturated Hydraulic Conductivity
The hydraulic conductivity of fine grained soilsndae determined directly by falling
head method. It can also be found indirectly frdme tonsolidation data. The
hydraulic conductivity of unreinforced and reinfecc soils is obtained indirectly
from the standard one-dimensional consolidatioh fBse following expression is
used in the calculations:

k=G My Yu 3.1
where:
k is the hydraulic conductivity,
¢y is the coefficient of consolidation,

¥w IS the unit weight of water,

3.2.1.6 Split Tensile Strength
Split tensile strength is a method to measure ¢hsile strength of concrete. This
method has been adopted to measure the tensilegitref unreinforced and

reinforced soil specimens (according to the ASTMIB®B08). The aim is to exhibit
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the effect of polypropylene inclusion on the temsitrength. Specimens of 50 mm in
diameter and 100 mm in height have been preparddbaen tested in the split
tensile strength instrument shown in Figure 3.5e Thost important problem

encountered in this test, which is actually desigfe testing concrete samples, is
the deformation of soil specimens under compresdiberefore, a correction factor

has been applied to allow for the deformations uedenpression (Frydman, 1964).

Figure 3.5: Split tensile strength equipment

3.2.1.7 Suction Measurements

In this study, contact filter paper method with Whan #42 is used according to
ASTM D5298 —10to measure matric suction. Suction of the soil besn obtained
under controlled temperature and zero applied stiéfier completion of the swell
test, the samples are removed and weighed. Thgrhthee been placed in the oven
at 40° to simulate an average temperature, which caredehed during summer in

North Cyprus. At certain time intervals, samplevendeen taken out for suction
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measurement. The sample is packed in a contairiertiniee filter papers placed in
intimate contact with the specimen. The two filg@pers other than the sacrificial
filter paper, in closest contact with specimen wid soil particle dispersion and
contamination of the other filter papers, are usmdsuction measurements. The
schematic test apparatus is shown in Figure 3.6. §gecimens are secured from

moving by bubble wrap filling placed in the gap @rd them, as can be seen in

Figure 3.7.
H Seal
B - o
Glass wool
Polythene
film
Styvrofoam Stack of
box % three filter
papers

Figure 3.6: Schematic figure showing the locatibfilter papers (Bilsel, 2002)

Figure 3.7:Packing of soil samples for suction measuremerit filter paper method
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Water content of filter papers determined afteeguilibration period of 7 days are
correlated to soil suction using the calibratiomveuthat has been obtained by using

pressure plate equipment and vapor equilibrationrtigjue given in Figure 3.8.

4.5 | |
4 4 Schleicher & Schuell | |
\g“ MNo. 589-WH Filter Paper
3.9 &
- \ |h| = -6.6595w + 5 2262
& 3 R* =0.9905
o \ (1.82 < |h] < 3.66)
D 1 1
£ 20 From initially d \ | |
= 2 - fitter pﬁperﬁy n From initially wet filter papers
; = {Drying Curve)
-% (Wetting C.I‘u rve)
S 15 i ==
@ Il = -8.24Tw + 5.4246 l' ﬁ“‘“‘n"---..__
1T R* = 0.9969 ———
(1.5 <|h| < 4.15) l Il = 1.1451w "5
05 : - R?=0.9821
' \ (0.95 < |h| < 1.82)
0 aalyy |
0 02 04 06 0a 1 12 14

Filter paper water content, w

Figure 3.8: Drying and wetting suction calibratimmves (Bulut et al., 2001)

3.2.1.8 Shrinkage

Volume change behavior of the unreinforced andfoeted compacted samples
during drying phase has been analyzed in this stydsecording diametrical, axial

and volumetric deformations of the specimens. Mdsaneter and height of the
specimens have been measured at specific timevétgeionce they are in the drying
process, in order to obtain strain-time and voitloravater content relationships,

which are essential in studying the behavior ofimbesing soil. Void ratio versus

water content is the shrinkage line and the expartal data can be fitted by a model

from SoilVision.
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3.2.2 Expansive Soil Stabilized with Posidonia Oceica Ash

3.2.2.1 Specific Gravity

Specific gravity of the soil in natural state andhwdifferent percentages of 5% and
10% Posidonia oceanica ash has been determineddaggzd®o the ASTM D 854 —

06.

3.2.2.2 Atterberg Limits

The most basic and preliminary tests are the Adrgrimit tests which are the liquid
and plastic limits of soils. ASTM D4318 — 05 is te@ndard method used in this
study. Plasticity index which is the differenceveeén the liquid limit and plastic
limit is used to identify the type of soil based wnified soil classification system.
Recently, soil stabilization using additives, mgifdr the purpose of recycling the
waste, is one of the most popular environmentahfily methods. In this study, the
Posidonia oceanica ash, the preparation of whistbkan explained earlier, has been
used. Figure 3.9 depicts the ash added to theasdithe mixture used for Atterberg
limit tests. Effect of PO ash on Atterberg limitashbeen studied by adding 5% and
10% of PO ash by dry mass of the soil and the adsof the Atterberg limits have

been recorded.

Figure 3.9: Mixture of Posidonia oceanica ash amidfer Atterberg limit analysis
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3.2.2.3 Grain Size Distribution

The hydrometer analysis, information about graire ddistribution of the soil, has
been implemented according to ASTM D422-5&%&trticle sizes larger than {#n
(retained on No. 200 sieve) is determined by senaysis, while the distribution of
particle sizes smaller than {bn can be determined by a sedimentation process,
using hydrometer analysis. Hydrometer analysisbdeen carried out with 0%, 5%,
and 10% Posidonia oceanica ash addition to seeftbet of PO ash on grain size

distribution of the expansive soil.

3.2.2.4 Linear Shrinkage

Linear shrinkage of the soil mixtures with 0%, 5%dal0% Posidonia oceanica ash
has been tested according to the BS-1377: 90. dihthat is used in this test should
have number of drops of less than 25 accordinggtod limit experiment. Usually
the amount of remaining soil sample from liquid itirtest is used for the linear
shrinkage. The length of the mold is measured bypass and the soil mixture is
placed inside the mold. Afterward the mold is feft 1 day in room temperature and

after in oven with 50, then placed in the oven with 1%0

3.2.2.5 Swell and Unconfined Compressive Strength

Samples of swell and consolidation tests have hmmmpacted at the optimum
moisture content and maximum dry density of origs@il (0% ash) with the static
compaction equipment. The same procedure is folloag explained in sections

3.2.1.3and 3.2.1.4.
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3.3 Computer Programs

3.3.1 SoilVision Program

SoilVision 3.34 Software, which is a knowledge-lmhssystem database for
estimating unsaturated and saturated propertieheofsoil, has been used in this
research. SoilVision is a valuable program thataide to model soil- water

characteristic curves with different well-known net&l In many cases, in the early
design stages, the soil-water characteristic cuaveshydraulic conductivity values
are not available. With the help of SoilVision, skeproperties of the soil can be
predicted based on the grain-size distribution @her simple index properties such

as volume- mass relationships.
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Chapter 4

RESULTS AND DISCUSSIONS

4.1 Fiber Reinforcement

This study has assessed the suitability of symthetnd natural additives,
polypropylene fibers and Posidonia oceanica todsslwas soil stabilizing agents to
mitigate expansive soils. The emphasis however hasn on the use of
polypropylene fibers on the behavior of local exgaa soils abundantly found in
North Cyprus. Most of the research works on polpptene added expansive soils
are carried out on fiber reinforcement with cemelte and fly ash as

complementary materials. There is few study relatedhe compressibility and
volume change behavior as well as unsaturated grepeof expansive soils
reinforced with polypropylene fiber. Therefore, sththesis work will include the

hydro-mechanical properties of fiber reinforcedsmi the initial part of this study in

addition to physical properties. The most importaetchanical behavioral properties
studied include the compaction, volume change (cesgwility, swelling-

shrinking), and strength characteristics (tensiled aunconfined compressive
strength), and hydraulic properties include thd-waier characteristic study and

saturated hydraulic conductivity.

4.1.1 Compaction Characteristics

Standard Proctor test (ASTM D 698-91) was usedbtain the relationship between
water content and dry unit weight of samples. Migtuof soil with different water
contents were compacted in standard molds in tlaygs (25 blows on each layer

of thickness of 5-8 cm) using an automatic dynatoimpactor with a hammer of 2.5
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kg dropping from 305 mm height producing a compacéffort of 600 KN-m/m. The
compaction test has been performed on unreinfoaredreinforced soil specimens
with different fiber contents of 0.5%, 0.75%, arfb Df dry unit weight. The test
results are presented in Figure 4.1, from which theximum dry density and
optimum moisture content values are obtained. Pofydene fiber is an
impermeable material, therefore changes in optimenwisture content is not
significant. However maximum dry density has beeduced as fiber content
increases, which can be attributed to the reduatfaverage unit weight of solids in

the mixture of soil and fiber.

1.54
1.52
l.'“‘.= )
< 150
&
B 148 -
5 146 |m0% fiber
E" & 0.5% fiber
= 144 e0.75% fiber
11 + 1% fiber
0 10 20 30 40

Moisture Content (%)
Figure 4.1: Standard Proctor compaction curve

Figure 4.2 shows the pressure versus dry densigirdd from static compaction
results. This test has been performed by the us€atifornia Bearing Ratio test
equipment to find the pressure required to obtaiximum dry density from

Standard Proctor test. The specimens were stgticalnpacted at the optimum
moisture content and the required pressure to aehiee maximum Proctor density
has been obtained. As it is observed from the éighigher amount of pressure is

needed to obtain maximum dry density of fiber reioéd samples in comparison to
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unreinforced specimens. This is due to the registar reinforced soil specimens to

compression.
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Figure 4.2: Dry density versus static compactia@spure

4.1.2 Volume Change Behavior

4.1.2.1 Swelling

To investigate the swelling characteristics of ioiddjand fiber reinforced specimens,
one dimensional swell test was carried out usirdpoeeter. Samples were statically
compacted at optimum moisture content in consabdatings of 50 mm inner
diameter and 19 mm of height. The samples weraitefer a low surcharge of 7 kPa
and full swell was measured. Specimens of differf@mgr inclusions have been
swelled until the increase in free swell with tirbecame marginal. Figure 4.3
presents the free swell response as one-dimensswell (AH/Hg) percent with
respect to logarithm of elapsed time in minutes ddferent fiber contents. The
results show an increase of swell with 0.5% an®%. Tfiber contents, whereas a
sudden reduction with 1% fiber content is detect&dcording to Ghazavi and
Roustaie (2009) a reduction in swell percentage heen obtained with 3% of

polypropylene fiber and an enhancement of swelcemr with 1% and 2% of
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polypropylene fiber. Sample size is a factor whieln affect the swell percentage of
the soil samples, as Loehr et al. (2000) pointedtmat samples of 10.2 cm showed a
reduction in swell percentage versus time withitfeeease of fiber content, whereas
the same soils tested with a dimension of 6.4 cdicated an increase in swell

percent of the soil specimens.

§ —e— ()% fiber
77 ——0.5% fiber
6 | —=—0.75%
= 5 —— 1% fiber
= 4
Z 3
2 -
1 -
I:I 1 T

0 1 IIIJD 10000
Log Time (min)
Figure 4.3: Percent swell of soil specimens velsgarithm of time

Further study of Figure 4.3 depicts that primanekbwf the 0.5% and 0.75% fiber
contents has increased while a reduction can bereds for 1 % fiber content. The
secondary swell, which is the amount of swell beytime completion of primary
swell, has been reduced by the increase of fibeitecd. Therefore, it can be
concluded that the efficiency of fiber inclusiosld be evaluated in a longer time
period, with the completion of secondary swell pdriand not with the primary
swell. Time for completion of primary swellgtis noticeably reducing with
increasing fiber content, which also indicates tb#iciency of using fiber
reinforcement in controlling the swell of expanss@ils. Values for primary swell
and time for primary swell and percent secondarellsior each sample are

presented in Table 4.1. The primary swell percemtaf 0.75% fiber added
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specimens is not in good agreement with the otmirlts, which can be concluded as

an experimental nonconformity.

Table 4.1: Primary swell, primary swell time andaedary swell of different fiber
contents

Fiber content (%)  Primary swell (%) ts(min)  Secondary

swell (%)
0 4.4 150 0.9
0.5 4.6 80 0.8
0.7t 6.3 50 0.€
1 1.€ 6 0.4

4.1.2.2 Shrinkage

The main purpose of the shrinkage test is to oliteérconstitutive law that links the
water content to the strain. Tracking of volumergebehaviour was used to assess
the effect of fiber content on shrinkage behaviotirexpansive soil used in this
study. Statically compacted soil specimens have Bebjected to one- dimensional
swell test. Upon completion of the swelling phasanples have been dried in the
oven at 4%. Height, diameter and mass of the specimens meesured at different
time intervals. Figure 4.4, shows the results dfinwetric, diametric, and vertical

strain versus time relationships.

Studying the shrinkage strains, it can be conclutlatlonger duration for shrinking

process of the reinforced samples is required,thatithe axial shrinkage is more

influenced by reinforcement than the lateral (diairaeshrinkage.
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Figure 4.4: Volumetric, axial and diametric stra@rsus time relationships

Void ratio versus water content relationship from iaitial high water content to

completely dry condition, is the “shrinkage curvethich is in the form of a

hyperbolic curve. Fredlund et al. (1997, 2002) psmgal an equation to best-fit data

for the shrinkage curve given in Equation 4.1.

Wcsh
e(w) = as{F +

sh

where,

ash = the minimum void ratio,&n), bs =

(4.1)

slope of the line of tangency, (e.g., drying

from saturated conditions)s, = curvature of the shrinkage curve, amd =

gravimetric water content.
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The hyperbolic fits to the experimental shrinkagéadare depicted in Figure 4.5. The
model parameteray, bs, andcg, determined from the SoilVision software, and are

given in Table 4.2.
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Figure 4.5: Shrinkage curves of unreinforced amifoeced specimens

The parameteas, represents the minimum void ratio the dried speasnattained,
and thebg, values are the minimum water content values athviiolume change
commences. Studying the parameters in Table 4cantbe observed that tlag,
parameter, which represents the minimum void ratithe end of drying increases
with fiber content. The dy parameter also increases with the fiber contenichvh
represents the shrinkage limit, hence indicatirey tiduction in shrinkage as fiber
content increases. Therefore, it can be concluldadthere is a significant decrease
in volume change with the increasing amount of rfiaddition. The reduction in
volume change reduced the formation of cracks énréinforced specimens, which

propagated visibly in the unreinforced specimensbaerved in Figure 4.6

Table 4.2: Shrinkage model parameters
56



Fiber content(%) ash bsh Csh

0 0.4¢ 0.152261  2.68893!
0.5 0.59 0.2208801  3.622919
0.75 0.63 0.2382464  2.745497
1.0 0.67 0.2422591  3.285588

Figure 4.6: Crack pattern on unreinforced and oeo€d specimen

4.1.5.1 Soil-water Characteristic Curve

Contact filter paper of Whatman #42 is used acogrdo ASTM D5298 — 1Qo
measure matric suction. Suction of the reinforced anreinforced specimens have
been obtained under controlled temperature andaggsbed stress. After completion
of the swell test, the samples are removed andhedigThen they have been placed
in the oven at 48 to simulate the maximum temperature, which carrdazhed
during summer in North Cyprus. Drying soil-wateradhcteristic curves have been
obtained and modelled by the use of SoilVisionwafe (Figure 4.7). The best fit
could be given by van Genuchten model which inéisahe highest Rralue than
other existing models. An increase in air entryuealAEV) with the addition of fiber
has been observed which indicates that drying psocstarts later than the
unreinforced soils. A distinct behavior observedesidual water content is that it
does not change with the addition of fiber. Thusah be concluded that residual

water content is rarely altered with fiber additidwwcording to Puppala et al. (2006),
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the presence of fibers in the fly ash treated dodls no significant influence on
volumetric water content of combined stabilized tarated soils, as well as no
significant changes in gravimetric water contenthwihe fiber reinforced and
unreinforced specimenélmost the same observation is made in this stadyjng

only a slight increase in the gravimetric waterteomn values of 1% fiber stabilized

specimens.

0.40
5 035 - ¢
=1
S 030 -
3 025 -
%020
2 0151 4 0o fiber
g 0.10 4 mQ.5% fiber
6 005 - A 0.75% fiber
® 1% fiber
0.00 it . . -
0 1 100 10000 1000000
Suction (kPa)

Figure 4.7: Soil-water characteristic curves ofetént polypropylene fiber contents

According to the van Genuchten (1980) model fitfiagameters, given in Table 4.3,
the air entry value (AEV) suction increases with thcrease in fiber content, which
indicates a good bonding between the soil andiber,fhindering the air entry into
the specimens. Thegparameter represents the slope of the SWCC, aimterase

in slope indicates that desorption rate increaststhe fiber content.
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Table 4.3: Soil-water characteristic curve modehpzeters (van Genuchten, 1980)

Residual van
water van Genuchten
Fiber content Genuchten AEV
Content avg Nyg Myg (%) Error (kPa)
0% 6.06x10¢ 0.795 5.66 10 0.98 1964
0.50% 53.1x18° 0.837 0.7959 10 0.92 2090
0.75%  39.1x18° 3 0.2545 10 0.89 17523
1% 4.65x10° 0.847 3.2285 10 0.98 6134

4.1.2.3 One-dimensional Consolidation

The effect of polypropylene fiber on compressipifiroperties of expansive soils has

been investigated by one-dimensional consolidagsh Consolidation pressures up

to a maximum of 1568 kPa have been applied duhiegprocess. Figure 4.8 gives

the results of void ratio versus logarithm of cditsdion pressure. Table 4.4 depicts

the results of this experiment in which a considraeduction in the compression

and rebound indices can be observed with the iseran fiber content. The

expansive soil used in this study which has higlellsywotential is also highly

compressible and this is an undesirable mechanimiavior especially in

construction of road pavements, since it causesksrdue to fatigue behavior. Thus

fiber inclusions have improved the compressibitighavior.

Table 4.4: Swell pressure and preconsolidationspires

Fiber Compression Rebound Preconsolidation Swell
content index (C) index (C) pressure (kPa) pressure (kPa)

0% 0.317 0.131 830 200
0.5% 0.265 0.088 199 80
0.75% 0.230 0.058 505 68

1% 0.186 0.046 120 40
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Figure 4.8: Void ratios versus effective consolinlapressure

Further study of these results can lead to theiroafion of considerable reduction
of swelling pressures as well which is in agreemeith the swell potential

reductions. Reduction in the apparent pre-consitidastress, which can be
considered as a degree of bonding in compactes isodlso observed which is due
to non-pozzolanic nature of the fiber. Overall, arked improvement can be
observed in the compressibility and swelling prdipsrof the soil which has been

mixed with 1% polypropylene fiber.
4.1.3 Hydraulic Conductivity

The hydraulic conductivity of the soil has beenedetined indirectly by use of

consolidation test results. The following expressias used in the calculations:

k=c, myVYw (4.2)

where K is the saturated hydraulic conductivityiscthe coefficient of consolidation,
a, is the coefficient of compressibility, s the coefficient of volume change, and
is the unit weight of water. The results are shawmable 4.5 which shows the

variation of the hydraulic conductivity for unreamted and reinforced soils with the
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enhancement of fiber additions. In pavement desigmer stress ranges are
important for analysis since it is the surface #ult is in contact with the main layer
of the pavement. The results show variations ofdwyit conductivity with different
fiber contents. This behavior might be due to taeation in distribution of the fibers
in each sample. Comparing the k obtained for 048 and 200-400 kPa ranges of
stresses reveals that the addition of 0.5% and ib¥r freduced the hydraulic
conductivity, whereas in the case with 0.75% fibentent a tremendous increase in
hydraulic conductivity is observed. This might biributed to the possibility of
experimental nonconformity, as fiber inclusion amdform mixing is very difficult

and may lead to unexpected results.
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Table 4.5: Saturated hydraulic conductivity andcedht of the consolidation

0% Fiber
Stress ranges (kPa)  a, my (M°/kN) ¢, (m?/s)  k (m/s)
0-200 7.5x1d 1.58x10° 2.69x10° 11.87x1C
200-400 5.0x10 1.68x10° 2.69x10° 8.41x10°
400-800 25x10  1.79x10° 2.69x10° 4.48x10°
800-1569 1.2x10  1.88x10° 2.69x10° 2.20x10°
0.5% Fiber
Stress ranges (kPa)  a, my (M?kN) ¢, (m?s)  k (m/s)
0-200 4.10x10 1.81x10° 2.98x10° 7.40x10°
200-400 2.60x10 1.86x10° 2.98x10° 4.84x10°
400-800 2.00x10 1.96x10° 2.98x10° 3.91x10°
800-1569 1.43x16 2.09x10° 2.98x10° 2.99x10°

0.75% Fiber

Stress ranges (kPa)  a, my (M?kN) ¢, (m?/s)  k (m/s)

0-200 10.0x1d 1.72x10° 2.61x10° 17.14x1C°
200-400 3.00x10 1.79x10° 2.61x10° 53.47x10’
400-800 1.75x10 1.88x10° 2.61x10° 3.28x10°
800-1569 1.30x16 2.02x10° 2.61x10° 2.63x10°
1% Fiber
Stress ranges (kPa)  a, my (M°/kN) ¢, (m?/s)  k (m/s)
0-200 9.00x13 1.60x10° 3.09x10° 14.47x10
200-400 4.00x10 1.68x10° 3.09x10° 6.71x10°
400-800 1.25x10 1.73x10° 3.09x10° 2.16x10°
800-1569 1.69x16 1.86x10° 3.09x10° 3.14x10°

4.1.4 Strength Behavior

4.1.4.1 Unconfined Compressive Strength

Unconfined compression, which is a method that ke determination of the
unconfined compressive strength of cohesive soiltha intact, remolded, or
reconstituted condition, using strain-controllegblagation of the axial load, is done
according to the ASTM D2166-06. The unconfined cospive stress is where an

unconfined cylindrical specimen of soil will fait ia simple compression test. In this
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test method, unconfined compressive strength entals the maximum load attained
per unit area or the load per unit area at 15%l axiain, whichever is secured first
during the performance of a test. Samples have pesyared in optimum moisture
content and compacted statically by CBR instrunterdchieve maximum density

required for the unconfined compression mold.

Figure 4.9 demonstrates the stress strain reldtipnsf fiber reinforced and
unreinforced soils. Unconfined compressive strerigth been observed to increase
with increase in fiber content. Therefore soil spems with 1% fiber have the
highest compressive strength and hence the coheRase values are displayed in
Figure 4.10. Failure of the fiber reinforced spesm® is observed to occur at higher
deformations than the unreinforced soil, which dadés an increase in ductility of
the soil after reinforcement. This behaviour iswghcas a plot of strain at failure
versus fiber content in Figure 4.11. This obseorais further substantiated with the
reduction in modulus of elasticity with the fibeddition, indicating reduction in
brittle behaviour and therefore enhancement of iilycof the fiber reinforced

specimens.

0% Fiber
----- 0.3% Fiber
.......... 0.75% Fiber
= = 1% Fiber
0.0 0.1 02 03 0.4

Axial Strain (%)
Figure 4.9: Stress-Strain relationship of origiaatl fiber reinforced soils

Axial Stress (kPa)
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Figure 4.10: Unconfined compressive strength vefibes content
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Figure 4.11: Deformation versus fiber content

4.1.4.2 Tensile Strength

Split tensile strength is a method to measure ¢nsile strength of concrete. This
method has been used according to the ASTM D396 08 ieasure the tensile
strength of reinforced and unreinforced soil speeim Since polypropylene fiber is
improving the shrinkage behavior of soil as weltasacrete; therefore it is important
to measure this parameter to present the resistahdbis material to tension.

Samples of 50 mm diameter and 100 mm height hase peepared and tested in the
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split tensile strength equipment. The split tensteength is calculated by the

following equation:
Split tensile strength= 24 (4.3)

where P is the failure load; t is thickness or tangf the specimen; and d is the
diameter of the specimen. This test method is dgesl for assessment of concrete
tensile strength therefore a correction factoeguired when testing soils to account
for the ductile behavior. Equation 4.2 is used etednine the correction factor g(x)

(Frydman 1964).
g(x)=(- d/2a){2sin 2x -2y/d logtan /4 + x/4)} (4.4)
where,

x= (aly) and “a” is defined as width of flatteniagd “y” is the distance between the
flattened portions. Figure 4.12 presents the vafusplit tensile strength versus fiber
content and it is indicated that with the additafnfiber the tensile strength of the

soil has increased significantly.

600

400 ~

Split tensile strength (kPa)
(5]
o]
L]
*

0.0 0.3 0.5 0.8 1.0 1.3
Fiber content (%)

Figure 4.12: Split tensile strength versus fiberteat

Figure 4.13 illustrates the ratio of unconfined poessive strength over split tensile

strength of the reinforced and original soil wittetvariation of fiber content. The
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results show an increase of the ratio with an meeein fiber content of the
specimens. This indicates that reinforcement ofsthies with polypropylene fiber is
more effective in improving tension than compressiand that increases the
ductility of the soil, which is very important m&ynduring desiccation, preventing
shrinkage settlements causing detrimental damaggractures, such as roads and

pavements.

14
1.2
1.0 +
0.8 .
06 4
0.4
0.2

Split tensile strength / Unconfined
compressive strength

0.0 . .
0.0 0.3 0.5 0.8 1.0 1.3

Fiber content (%)
Figure 4.13: Split tensile strength/unconfined coaspive strength ratios

The increase in ductility can also be observed igufé 4.14, which shows the
specimens at the end of split tensile testing widinying fiber inclusions. The
increase in deformations in the transverse diradgovery evident, hence indicating

the enhancement in ductility.

0% 0.5% 0.75 % 1%

Figure 4.14: Failed unreinforced and reinforced gamsafter split tensile strength
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4.2 Use of Posidonia Oceanica Ash

The second phase of the study includes researcpotential use of a natural
material, Posidonia oceanica (seaweed), in the fifrash, as an innovative material
for mitigation of expansive soils. This is aimedréxycle a natural waste material

found abundantly along the shores of Cyprus.

4.2.1 Specific Gravity

Specific gravity of the soil in original state awith different percentages of 5% and
10% Posidonia oceanica ash has been determineddagrd®o the ASTM D 854 —

06. Figure 4.15 shows that with addition of Posidoaceanica ash the specific
gravity of the soil mixtures has been reduced traioesly, which indicates the
reduction in the soil density and soil solid pdetsc This behavior is due to the
replacement of the Posidonia oceanica ash wittcldne particles of the soil where

the ash has lower mass in proportion to the soilgbes.
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Figure 4.15: Specific gravity versus Posidonia agaash

4.2.2 Grain Size Distribution

Particle sizes larger than 18n (retained on the No. 200 sieve) is determined by

sieve analysis, while the distribution of partidees smaller than 7bm can be
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determined by a sedimentation process, using aohyeter analysis according to
ASTM D422-54T. Hydrometer analysis has been donth W6, 5%, and 10%
Posidonia oceanica ash additions to determine fileeteof PO ash on grain size

distribution of the expansive soil and the resaits presented in Figure 4.16.
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Particle Size (mm)

Percent Passing (%)

Figure 4.16: Grain size distribution of soil mixedh different percentage of
Posidonia oceanica ash

4.2.3 Atterberg Limits

Once the soil is obtained from the field, the véirgt laboratory experiment is
determination of Atterberg limits, which is refedréo as liquid limit and plastic
limit. With the use of this test, we can obtain titer content at which soil behaves

like liquid, plastic or semi plastic.

Effect of PO ash has been analyzed on Atterberigsliby adding PO ash of 5% and
10% by dry unit weight of the soil and the changkthe Atterberg limits have been
recorded. As it is stated in Figure 4.17 the ski$sification has changed from CH to
MH. There is a reduction trend in plasticity indekthe mixture shown in Figure

4.18.
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Figure 4.18: Plasticity index versus Posidonia aazaash

4.2.4 Linear Shrinkage

Linear shrinkage of the soil mixtures with 0%, 5%dd 0% Posidonia oceanica ash
has been determined. The length of the mold is uredsby compass and the soil
mixture is placed inside the mold. A reduction lmiskage limit has been observed
from 21% to the shrinkage limit of 18% and 17% fi% and 10% Posidonia

oceanica ash, respectively. Therefore a reductidmear shrinkage is observed by

addition of the PO ash.

4.2.5 Swell
Samples of swell and consolidation test have bemmpacted at the optimum

moisture content and maximum dry density of theurstsoil (0% ash) statically.
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Figure 4.19 indicates the swell percentage veregarithm of time for different
Posidonia oceanica ash contents. It is observadhbgrimary swell has increased
with 5% Posidonia Oceanica ash whereas there eslaction in primary swell with
addition of 10% ash. Additionally, changes in setaoy swells of stabilized samples

are not tangible.
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Figure 4.19: Swell percentage versus time

4.2.6 Unconfined Compressive Strength

Stress strain relationships of original soil and #oil ash mixtures can be observed
in Figure 4.20 where it is indicated that with 5% Rddition the unconfined
compressive strength increases slightly, yet thep#a attains a brittle behaviour.
Additionally with the inclusion of 10% PO ash arci@ase in compressive strength
has been monitored. Furthermore, there is a sogmtiimprovement in the modulus
of elasticity of the specimens. Figure 4.21 showe tinconfined compressive

strength increments with ash addition.
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Figure 4.20: Stress-strain relationship under ufined compressive strength test
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Figure 4.21: Unconfined compressive strength vepsusent Posidonia oceanica ash
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Chapter 5

CONCLUSIONS

This research was intended to consider the motdtdeipercentage of a synthetic
(polypropylene fiber), and the suitability for usé a natural waste additive
(Posidonia oceanica) for the use in the improvenaérswelling-shrinking soils in
North Cyprus. In the first phase of this study,esies of tests were carried out on
unreinforced and reinforced soil mixed with diffeteamounts of polypropylene
fiber. The experimental program included all thestderequired for physical
identification, swell-shrinkage, suction measureteompressibility, unconfined
compression test and tensile strength test. Irséie®nd phase of this experimental
work Posidonia oceanica ash is used, which is @ ¢ysea weed found in abundance
along the shores of North Cyprus. Its suitability §0il improvement is sought so
that this naturally found waste causing visual ygadh could be recycled in an

efficient way.

The results of the experimental program carriedasutinreinforced and reinforced

soil can be concluded as follows:

1. Regarding compaction characteristics, optimum watentent is not
influenced by polypropylene fiber inclusion whergaaximum dry density
has been reduced. This can be attributed to thectied of average unit

weight of solids in the mixture of soil and fiber.
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. Studying the influence of polypropylene on volumkamge in swell-
shrinkage behavior, the overall conclusion is thamary swell, time of
completion of primary swell and secondary swellrdase considerably with

fiber addition.

. Fiber inclusions have improved the shrinkage prigggrand hence reducing

potential settlements which might occur due to Emmental effects.

. Based on consolidation test results there is mar&ddction in compression
index in addition to the rebound index. The apparereconsolidation
stresses obtained, which give a measure of bondingementation also
reduce. The reductions in swell pressures are odg@greement with the

swell potentials obtained from one-dimensional stesits.

. Unconfined compressive strength increased withusioh of polypropylene
fiber. Maximum unconfined compressive strength gatan be observed with

1% fiber content, which is approximately 1.5 tineéshe unreinforced soil.

From the analysis of split tensile strength, ibiserved that the maximum
value of the split tensile strength obtained for fi8ér inclusion is 2.7 times
of the natural soil. Increase in the ratio of tengtrength to compressive
strength indicates that reinforcement of the swith polypropylene fiber is
more effective in improving tension than compressidhis behaviour
increases the ductility of the soil, which is vemgportant mainly during
desiccation, preventing shrinkage settlements ngudétrimental damage to

structures, such as roads and pavements
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7. The results obtained from the second phase of rdggarch, where the
influence of PO ash on the properties of the expansoils has been
analyzed, are as follows: The Atterberg limits tssindicate a reduction in
plasticity index as well as specific gravity, onendnsional swell analysis
shows that with the addition of 10% PO ash primsawmell has reduced
tremendously, in a case that no secondary sweltidmeiobserved for the soil
samples mixed with both 5% and 10% PO ash, uncedficompressive
strength has enhanced to approximately 2 timeshef natural soil in

comparison with 10% PO ash addition.

8. The use of Posidonia oceanica, abundantly founagattee coastline of North
Cyprus, has proved to be a potential material tother research on soll

improvement.

Finally, it can be concluded that there is a pagémbr use of polypropylene fiber to
reinforce expansive soils in North Cyprus. Howevdurther research is
recommended with higher fiber contents, which wogikk lower swell potentials,
and for substantiating the conclusions herein. Audation of Posidonia oceanica
along the coastline of Cyprus, even though nonetasia visual pollution. Recycling
this natural waste as an additive in soil stahilimais a very innovative topic which

needs further attention.
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