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CHAPTER ONE - Introduction and Literature Review

1.1

Introduction

Soil erosion is one of the serious problems facing the modern world. Geotextiles have
been identified as one of the best solutions to overcome this problem and is widely
used around the world. Geotextiles are defined as any permeable textile material used
with foundation, soil, rock, earth or any other geotechnical engineering related
material that is an integral part of a man-made product, structure or system [1].

Most geotextile applications are permanent, such as landfill liners and roadway
constructions. When geotextiles are used to control surface erosion, high durability
can sometimes be a disadvantage and there is a risk that long-life geotextiles, at or
near the ground surface, could be accidentally eaten by grazing livestock or could
snare

the

agricultural

plants

[2].

Biodegradable

geotextiles

are

deliberately

manufactured from biodegradable materials to have a relatively short life. Their
purpose is to prevent rain-splash erosion of soil until vegetation is properly established
on the ground surface. Once the surface vegetation has been established, it takes over
the erosion control function, making the presence of the geotextiles superfluous. At
this stage, it is usually advantageous if the geotextile decomposes.

The idea of using cellulose fibres as geotextiles materials is not a recent one. Man had
used that idea for a long time, from the beginning of our civilization. However, during
the seventies and eighties, newly developed synthetic fibres have gradually substituted
cellulose fibres because of their better performance. Since then the use of cellulose
fibres has been limited to production of ropes, strings, clothing, carpets and decorative
products [3].

Over the past few years, there has been a renewed interest in using natural fibres as
geotextiles materials. This resurgence of interest is due to the environmental aspects of
using renewable and biodegradable materials. Although there have been many natural
fibres used in ancient geotextile installations, the more recently used natural fibres,
which have exhibited their usefulness in the applications are jute and coir. Jute has
been used where very short-term functionality is required. Although the erosion
control measures of jute-based geotextiles had given good response the textile
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degrades after about one year [4]. In more severe situations, either because of the climate
or the steepness of slope, a longer duration of function by the gcotextiles is required. This
also is the case where one prefers to select species compatible with surrounding native
vegetation, which is inevitably slower growing than the commonly shown productive
species used in low land situations. The combination of slow growth and short growing
season may mean that species barely become functional within a season in terms of
surface erosion control. Coir based geotextiles provide both the advantages of
biodegradable geotextiles and longevity required where plant establishment might be
slow. Coir based geotextiles have been shown to persist, in the United Kingdom under
upland conditions, for at least three years and to retain their erosion control functions [4J.

Photograph 1.1: Application of Coir-Ceotextile in Erosion Control
(original is in colour)

Biodegradable coir-geotextiles absorb water and act as mulch on the surface as well as a
wick in the soil mantle. These features create an ideal microclimate for the germination
of seeds. On the other hand, it adds fertility to the soil after biodegradation [5].

The demand for coir-geotextiles at present is, mainly in the Western Europe, North
America, Japan. Korea and Australia. According to an estimate, the world market
demand for geotextiles is now about 1400 million square metres [6]. The share of the
coir-geotextiles seems to be only 0.8% of the total geotextiles market [6]. Therefore,

encouraging the use of biodegradable coir-geotextiles is not only a positive ecological
development but is also a good eco-friendly solution for soil erosion problems.

1.2

Literature Review

1.2.1

Geotextiles

Geotextiles are textile like material, used in civil engineering applications to increase
structural performance of the soil [7]. It may be made of synthetic or natural fibres.
Geotextiles are used in a wide range of applications, which continue to grow as new
forms of geotextiles are developed. The main applications are erosion control, soil
filtration, road sub-base separators, reinforcing soil in embankments and retaining
walls, and the protection of geomembranes [2]. Any application may require one or
more functions from the geotextile.

The five functions defined in ISO 10318 are drainage, filtration, protection,
reinforcement and separation. In the separation function, inserting properly designed
geotextile will keep layers of different sized particles separated from one another. In
drainage, water is allowed to pass either downward through geotextile into the subsoil
or laterally within the geotextile which functions as a drain. In filtration, the fabric
allows water to move through the soil while restricting the movement of soil particles.
In reinforcement, the geotextile can actually strengthen the earth or it can act as
apparent soil support [1]. Each of these functions uses one or more properties of
geotextile, such as tensile strength or water permeability.

1.2.2

Early Applications of Geotextiles

> Woven cotton fabrics were used as a geotextile/geomembrane in a series of
road construction field tests started in 1926 by the South Carolina Highways
Department [2]. But due to poor durability of cotton fabrics compared with
that of the recently developed man-made fabrics it never became properly
established as a geotextile.

>

The first applications of polymer-based geotextiles were woven industrial
fabric used beneath concrete block revetments in late 1950s [2].
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>

The use of woven geotextiles in coast protection work becomes established
during the early 1960s. In these protection works, geotextile was either used in
place of granular filters beneath wave protection materials or used as a partial
replacement for willow fascines in scour protection mattresses [2].

>

Geotextile nets became established around 1968 when the Japanese found that
polyethylene nets exported from Britain by a company called Nelton Ltd.
offered means of alleviating the damage caused to embankments by seismic
activity and heavy rainfall [2].

>

The development of the first non-woven geotextile is 1968 in France widened
the range of geotextiles and their applications. This was made of thick needlepunched polyester and was developed into the Bidim range of geotextiles. It
was first used in dam construction in France during 1970 [2].

>

About 1971 three other lines of geotextile application first appeared, namely
the first fin drain, the woven geotextile based reinforcement beneath
embankments and the first geotextile reinforced soil wall [2].

>

In 1972, approximately 5 million nfi of geotextiles were used worldwide,
while in 1985 this had reached 300-400 million m^ [8] Recently the market
for geotextiles is showing a growth with worldwide sales of over 1400 million
square meters annually [6].

1.2.3

Types of Geotextiles

Polyester, polyamide, polypropylene and polyethylene are the four main polymer
families widely used as raw material for geotextiles [9]. These are preferred because
of their high strength, extensibility and resistance to microorganisms when used in
various applications usually in contact with soil particles.

There are a few specialist geotextiles, which may also incorporate either steel wire or
naturally biodegradable fibres. Glass fibre has also occasionally been used in
applications related to controlling reflective cracking in pavements. In the case of the

specialist geotextiles incorporating steel wire, the role of steel is usually that of
providing a comparatively high tensile strength for a relatively short period [2].
Geotextiles incorporating biodegradable fibre are usually limited to erosion control
application where natural vegetation will replace the geotextile's role as it degrades.

Polypropylene is the material of choice for about 80% of geotextiles. Polyester
accounts for about 15%, and polyethylene and nylon about 3%. The remaining two
percent consist of agro-based materials etc. Even then, only a few are 100% natural
fibre-based. Many of these contain some portion of synthetic material to hold the
geotextiles together. This is normally a polypropylene net or polyester scrim sheet that
sandwich the agro-based component [10].

These geotextiles can be divided into three different categories based upon their
method of manufacture [2],
i.
ii.
iii.

Woven geotextiles
Non-woven geotextiles
Knitted geotextiles

1.2.3.1 Woven Geotextiles
Woven and knitted geotextiles are produced using different types of yarn such as spun
yarns, rope, multifilament yarns, monofilaments, or film tapes or split film yarns.
Woven geotextiles are produced in a discontinuous process with at least two stages.
The first stage is the production of the yarn, rope, monofilament or multifilament. The
second is the weaving [11].

Woven geotextiles were the first to be developed from synthetic fibre account for
approximately a quarter of the geotextile market in terms of volume. These geotextiles
are manufactured using weaving techniques adapted from those used to weave
clothing textiles.
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The weaving process gives the geotextiles their characteristic appearance of two set of
parallel threads, interlaced at right angles to each other as shown in figure 1.1. The
terms 'warp and weft' are used to distinguish between the two different directions of
yarn. The yarn running along the length of the loom and hence along the length of the
geotextile roll is known as the warp. The yarn running in the transverse direction,
across the width of both the loom and the geotextile roll, is known as the weft.
Although this form of construction may appear quite simple there are many different
variations on the basic concept, giving a fairly wide range of different forms of woven
geotextiles. It is generally found that woven geotextiles have a relatively high strength
and relatively low extensibility when compared with other types of the same weight
[2].

1.2.3.2 Non-Woven Geotextiles
The major group in geotextiles is the non-woven geotextiles, which were so named in
order to distinguish them from the previously existing woven geotextiles. Even though
woven fabrics are used as geotextiles due to their higher tenacities and high modulus,
about 70% geotextiles are non-woven fabrics because of higher permeability, better
friction, better conformability and construction survivability [12]. There are three
main subdivisions of this type of geotextile, based upon the way in which the
geotextile fibres are bonded together. These are classified as: thermally bonded,
chemically bonded and mechanically bonded.

For the production of non-woven geotextiles continuous filaments or staple fibres
(short-fibres) are used. Spun bonded non-wovens are manufactured in a continuous
process starting with the polymer and proceeding through filament production,
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filament bonding and geotextile formation in the same line, finishing with the roll of
non-woven textile.

Staple fibre non-wovens are manufactured in a two stage processes: the first stage
consists of manufacture of fibre (extrusion and cutting) and the second stage consists
of the formation of the geotextile, bonding and the production of finished roll [2].

Figure 1.2 Highly Magnified View of a Non-Woven Geotextile

1.2.3.3 Knitted Geotextiles
Only few knitted geotextiles are produced, all of which are formed by using the
knitting techniques in conjunction with some other method of geotextile manufacture,
such as weaving [2].

Figure 1.3 An Example of a Knitted Fabric
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1.2.4

Coir Fibre

The fibrous material forming part of the soft mass surrounding coconut, the fruit of the
tree "Cocos nucifera L. or the coconut palm is all over the world known as coir [13].
Coir is a biodegradable organic fibre and hardest among the natural fibres. Coconut
husk is the raw material for the coir industry, which is available in enormous
quantities wherever there is large-scale coconut cultivation. The palm is essentially a
plant of tropics and it thrives within 20° of the equator. Philippines, Indonesia,
Thailand and neighboring islands, India, Sri Lanka, pacific territories, east and West
Africa and West Indies are the important coconut producing countries in the world.
India and Sri Lanka account for the major contributions out of the above. Coconuts are
usually harvested at the end of every 45 days all throughout the year [14].

There are two different types of coir fibre available according to colour of the fibre
i.e., brown and white. Normally brown coir is obtained from dry husk retted in fresh
water, whereas white coir is obtained from green husk without retting or retted in
saline water. Retting, being a biological process is carried out in freshwater or saline
water, flowing water or stagnant water, deep water or backwater. The retting process
facilitates the removal of the fibres from the pith, which hold them together in the
husk.

Coir is a multi-cellular fibre and contains 30 to 300 or more cells in its total crosssection. There is a central cavity in each cell called the lumen. Chemical constituents
of coir fibre are oc-cellulose (36-43%), hemi-cellulose (0.15-0.25%), lignin (41-45%)
and pectin (3-4%), together with some amount of water-soluble materials. Lignin and
hemi-cellulose form the cementing materials. As the lignin content increases, the fibre
becomes stiffer and tougher [15].

At present coir use is predominantly in applications such as mats, carpets, ropes,
brushes and rubberized coir, which is used for upholstery, etc. Coir has a great
potential of being used as a geotextile owing to the following properties [4];
•

They come from abundant and renewable resources at low cost, which ensures
a continuous fibre supply.

•

Coir having strong characteristics of retention of moisture is preferred for
agricultural applications.
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•

It is naturally resistant to rot, moulds and moisture.

•

Unlike brittle fibres, such as glass and carbon fibres, coir fibre is flexible and
will not fracture when processed over sharp curvatures.

© Coir fibre is also non-toxic, easy to handle and present no health problems like
glass fibres that can cause skin irritations and respiratory diseases when the
fibrous dust is inhaled.
•

1.2.5

It requires low amounts of energy for processing and is biodegradable.

Crystalline and Non-Crystalline

All organic textile fibres are semi-crystalline. That is, textile fibres contain regions of
both crystalline and non-crystalline material. Textile fibres need to be tough, and the
way to achieve toughness is to have crystalline regions. Totally non-crystalline or
amorphous materials may be either brittle solids, called glasses, or rubbery materials,
called rubbers [16].

1.2.6

Cell Wall Constituents

A plant cell wall material is composed of three important constituents: Cellulose,
hemi-cellulose and lignin [17]. Amount of cellulose and lignin present in some of the
cellulose fibres are given in table 1.1 [15, 18 & 19].

Table 1.1: Chemical Composition of Cellulose Fibres
Fibre

Cellulose

Lignin

(%)

(%)

Coir

36-43

41-45

Kapok

64.96

14.48

Jute

70.0

13

Sisal

67

12

Kenaf

73.4

7.9

Flax

70.3

5.5

Banana

67.63

5.41

Cotton

95.5

0

1.2.6.1

Cellulose

Cellulose is the basic structural component of plant fibres. The cellulose molecules
consist of glucose units that link together in long chains, which in turn are linked
together in bundles called microfibrils. Cellulose possesses a good degree of
crystallinity.

It is formed by polymerization of D-anhydro glucopyranose units through 1, 4 (3glycosidic linkage [20]. The structural formula of cellulose is shown in figure 1.4.

1

CELLOHIOSK UNIT

'

1.03 nm

Figure 1.4: Cellulose Structure

It is seen that the functional group in cellulose are all alcoholic hydroxyl groups.
Therefore, cellulose is capable of forming a number of hydrogen bonds.

Cellulose molecule is ribbon like. Since series of glucose rings are joined together,
cellulose resembles other vegetable-base polymers, such as starch. In starch all the
hydroxyl groups are on the same side of the molecule, making it water-soluble. The
slight difference in bonding between the starch and cellulose has profound effect on
physical and chemical properties. Cellulose has molecular weight of about 10,000
g/mol. Because of its chemistry and molecular weight, cellulose is difficult to dissolve
without degrading [16].

1.2.6.2

Hemi-Cellulose

Unlike cellulose, hemicelluloses consist of different

monosaccharide units. In

addition, the polymer chains of hemicelluloses have short branches and are
amorphous. Because of the amorphous morphology, hemicelluloses are partially
soluble or swellable in water. The backbone of the chains of hemicelluloses can be a
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homo-polymer (generally consisting of single sugar repeat unit) or a hetero-polymer
(mixture of different sugars). Among the most important sugar of the hemicelluloses
component is xylose [21].

1.2.6.3 Lignin
Lignin is the Latin word for wood. Lignin is the compound, which gives high rigidity,
to the plant fibre. Lignin is a three-dimensional polymer with an amorphous structure
and high molecular weight. From these three main constituents (cellulose, hemicellulose and lignin) in fibres, it is expected that lignin would be the one with least
affinity for water [22].

1.2.7

The Cell Wall Structure of Lignocellulose Fibre

The cell wall of the coir fibre is made of a number of layers: so-called primary wall
(the first layer deposited during cell wall development) and the secondary wall (S),
which again is made up df three layers (SI, S2 and S3) as given in figure 1.5 [23].

Figure 1.5: Cell Wall Structure of Cellulose Fibre

All three w a l l s are fibrillar in nature, but varies in thickness and differs in c o m p o s i t i o n
and orientation o f cellulosic microfibrils. T h e primary cell wall, w h i c h is thin and
basically cellulosic, b e c o m e s lignified on g r o w t h (forming a non-crystalline region)
The fibrils o f this wall are oriented at random. T h e middle lamella is the c e m e n t that
holds the individual cells t o g e t h e r to form the tissues and accordingly, it is found
b e t w e e n the primary cell walls o f neighbouring cells. S e c o n d a r y cell walls, which
d e v e l o p on the inner surface o f the primary wall, in contrast to primary celLv^alfsMre^

thick sheaths, long, anisotropic and pointed at ends. The secondary walls are mainly
cellulosic in nature (form a crystalline region). But on maturity, some of these become
lignin (forming a non-crystalline region). The secondary wall thus consists of a
crystallined region of cellulosic fibrils, which contained the S2, which form constant
angle with the fibre axis so that crystallites are arranged in a spiral [23].

1.2.8

Comparison of Coir fibre with Other Cellulosic Textile Fibres

Coir is a plant fibre but it differs from the soft bast fibres like flax, jute, hemp, ramie,
etc. and the hard leaf fibres like abaca, sisal and pineapple in that it possesses a high
degree of flexibility and extensibility. It is stiff without being brittle. These fibres,
depending on the part of the plant from, which they are taken, can be classified as in
figure 1.6 [3].

Vegetable Fibres

Seed

I
Eg: Cotton
Kapok

Bast

Leaf

Eg: Jute
Flax
Hemp

Eg: Banana
Sisal
Pineapple

Fruit
Eg: Coir

Figure 1.6: Classification of Natural Vegetable Fibre According to Origin

The plant fibres named above can be separated from the original plant in several ways
like retting, scrapping and pulping. Cellulose fibres are generally lignocellulosic
consisting of helically wound cellulose microfibrils, in an amorphous matrix of lignin
and hemi-cellulose. These fibres consist of several fibrils that run along the length of
the fibre. The properties of these fibres are very difficult to measure because
considerable numbers of fibres need to be tested to obtain statistically significant
mean values. These properties are strongly influenced by many factors, particularly
chemical composition and internal fibre structure, which differ between different parts
of a plant as well as between different plants [3].
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Vegetable fibres have a specialized structure of crystalline fibres spiralling around a
central axis. In such systems the resistance to extension decrease as the helix angle
increases [23]. There are two reasons: for a given axial strain in the system as a whole,
the tensile strain in the elements is less at higher angles; and at higher angles there is a
reduced contribution to the total tension.

The hydrogen bonding in natural fibres are so extensive that these materials do not
melt when heated, rather the primary bonds break before all the hydrogen bonds can
be eliminated. Hence it degrades before melting and behaves like thermoset polymer,
although they are not all cross-linked. These fibers were designed, after millions of
years of evolution, to perform, in nature, in a wet environment. Nature is programmed
to recycle these resources, in a timely way, back to basic building blocks of carbon
dioxide and water through biological, thermal, aqueous, photochemical, chemical, and
mechanical degradations [24].

Lignocellulosics change dimension with changing moisture content because the cell
wall polymers contain hydroxyl and other oxygen-containing groups that attract
moisture through hydrogen bonding. The hemicelluloses are mainly responsible for
moisture sorption, but the accessible cellulose, non-crystalline cellulose, lignin, and
surface of crystalline cellulose also play a major role. Moisture swells the cell wall,
which expands until it is saturated with water. Beyond this saturation point, moisture
exists as free water in the void structure and does not contribute to further swelling
[24].

Lignocellulosic resources are degraded biologically because organisms "recognize"
the carbohydrate polymers (mainly the hemicelluloses) in the cell wall and have both
non-specific chemical and highly specific enzyme systems capable of hydrolyzing
these polymers into digestible units. Biodegradation of both the matrix and the high
molecular weight cellulose weakens the fibre cell wall. Strength is lost as the matrix
and cellulose polymer undergoes degradation through oxidation, hydrolysis and
dehydration reactions. As degradation continues, removal of cell wall content results
in weight loss [24].
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Lignocellulosic resources exposed outdoors undergo photochemical degradation. In
comparison to lignin, carbohydrate polymers are much less susceptible to ultraviolet
degradation. After the lignin has been degraded, the poorly bonded carbohydrate-rich
fibres erode easily from the surface, which exposes new lignin to undergo further
degradation reactions [24].

Lignocellulosic resources burn because the cell wall polymers undergo pyrolytic
reactions with increasing temperature to give off volatile, flammable gasses. The
hemi-celluloses are the first to be thermally degraded followed closely by the cellulose
polymer. The most thermally stable polymer in the cell wall is lignin. This is not
surprising since oil and coal deposits are sources of prehistoric lignin [24].

Figure 1.7 gives a summary of cell wall polymers responsible for loss of properties of
lignocelluloses due to environmental degradation chemistry [24].

Biological Degradation
Hemicelluloses » »

Accessible Cellulose »

Crystalline Cellulose » » » » » » »

Non-Crystalline Cellulose

» » » >

Lignin

Moisture Sorption
Hemicelluloses » > Accessible Cellulose » »

Non-Crystalline Cellulose »

Lignin

» > Crystalline Cellulose
Ultraviolet Degradation
Lignin » » » » » » » >

Hemicelluloses » >

Crystalline Cellulose » » » »

Accessible Cellulose »

Non-

Crystalline Cellulose

Thermal Degradation
Hemicelluloses > Cellulose » » » » » » » >

Lignin

Strength
Crystalline Cellulose » >
+Lignin] »

Matrix [Non-Crystalline

Cellulose +

Hemicelluloses

Lignin

Figure 1.7: Cell Wall Polymers Responsible for the Properties (approximate
comparison)
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1.3

Objective

Coir-geotextiles have been identified as one of the best and cheapest biodegradable
geotextiles, which can be used as a remedy for the soil erosion problem until the
vegetation, is properly established. Because of this reason coir-geotextiles have a very
good export market especially to the European Countries. On the other hand coir is
abundantly available in Sri Lanka as a by-product in the coconut industry as an ecofriendly biodegradable natural fibre. Therefore, it is important to improve the qualities
as well as to develop new applications of coir-geotextiles to the enhance exports as
well as to introduce to the local market for similar applications. The properties of coirgeotextiles will be directly influenced by the properties of coir fibre, coir yarn and coir
rope. Even though the utilization of coir fibre depends on its physical and mechanical
properties, detailed scientific information is still lacking on this particular fibre.
Therefore, a detailed study of coir fibre was carried out in this research with the
objective of relating these properties to the coir-geotextiles fabric. This research study
is aimed at establishing and designing new geotextiles using coir fibre for applications
mainly in the field of soil stabilization.

1.4

Scope

The main scope in this project is to investigate the tensile properties of the two
different varieties of coir fibres, which are available in Kurunegala District. These
data are used to create a database, which can be used in the future work as well. The
same database was used to find out whether there is any significant difference in the
coir fibre properties of the varieties of fibres considered. It was also investigated to
find out whether there are relationships between parameters of the coir fibres based on
the database created above.

With a view to establish performance characteristics, conditioned state tensile strength
and wet tensile strength of coir fibres were compared. Tensile strength in saline
condition was also investigated. Tensile properties of coir fibre were carried out by
immersing them for a period of 24 hours at ambient temperature and different pH
buffer conditions to investigate behavior of coir fibres in different pH conditions.
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At different NaOH concentrations and different time periods coir fibres were dipped
in alkaline medium to find out whether there is any change in their tensile strength.

Initial modulii of two types of coir yarns namely brown and white fibres were
investigated. Then the initial yarn modulus was calculated from measured data of coir
fibres and was compared with experimentally obtained values of coir yarn to see
whether there was agreement.

The durability of coir fibres under distilled water, acid condition, alkaline condition
and saline water over a period of time were investigated in this research. Structural
studies using scanning electron microscope (SEM) were also reported with the aim of
understanding the observed results. Moisture absorption characteristics of the samples
of coir fibres were also investigated.
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