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Geotextile made of coir are ideally suited for low cost
applications because coir s available in our country in abundance at
very low price compared to other synthetic geotexiles. These
seorextile can be applied in the construction of unpaved roads
where they can be effectively serving the purposes of reinforcement,
separation, filtration and drainage.

“This study examines the improvement in the performance of
unpaved roads constructed on silty soils using coir geotextile
reinforcement through a number of model tests. The strength
aspects of non woven and woven coir geotextile have been studied
by performing CBR tests and Plate Load Tests.

The reinforcement aspects of coir geotextile were studied
through CBR tests on four different types of soil. The position of
reinforcement is varied in the test. A number of CBR tests were
performed to understand the influence of the coir geotextile on the

soil subgrade.

“The separator aspects of coir geotextile have been studied by
performing plate load model tests within a test tank. The tests were
conducted by applying static loads on base course through a plate of
200mm diameter. The test was repeated by placing geotextile at the



[image: image5.jpg]interface between soil and base course. The test was conducted with

woven and nonwoven coir geotextile.

‘The result of the study indicates that the CBR value of the
soil reinforced with coir has improved and also non woven coir
showing better result than woven coir geotextile. From the plate
load test also it s found that the settlement can be reduced with non
woven coir geotextile and woven coir geotextile and the better

perfomance is with nonwoven coir.

“The wheel load tests simulate the field conditions in a better way 1o
understand the behaviour of the pavement,

From the studies using geotextils it is observed that there is
a remarkable reduction in rut depth at all load stages. It can also be
observed that after ataining a stable position, the rut depth is not

much increasing further.
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INTRODUCTION

1.1 GENERAL

The development of transportation infrastructure is
the key to over all development of a country. For countries
like India, the importance of rural / unpaved roads is to
be highly emphasized. The road alignment is decided
based on many parameters of which one is the availability
of good soil along the proposed alignment. In early days,
areas having weak soil deposits were avoided while
deciding the route of roads and embankments. But with
scarcity of land and other factors, we do not have choice of
land, and, roads and embankments have to be built on
weak soil deposits. These problematic soils has one or
more of the problems viz.,, low shear strength, high
compressibility, low hydraulic conductivity, swelling and
shrinkage, susceptible to frost action etc. and are

associated with problems such as low bearing capacity,
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high settlement, high seepage loss, liquefaction during
carth quake and instability of foundation excavation. Wil
a soft subgrade it is often impossible to build a stable bas,
course without loosing expensive base material into th

subgrade.

The common practices adopted for improving th
strength and stiffness of soil in a soft soil foundation

replacing the unsuitable soil, by providing transvers
reinforcement and by innovative ground modification
Geosynthetics have proven to be the most versatile and
cost effective ground modification material. Most of il
geosythetics are made of polymeric material. Tk
consumption of polymeric geotextiles in India s
insignificant compared to worldwide consumption. The
main factor inhibiting the use of geotextiles on a lary
scale in India is their high cost (G.V Rao et al 1994). In
addition to the low cost of natural fibres, the growing
concern over the impact of the use and disposal of
synthetic materials has recently led to renowned intercst

in the possible advantages of natural geotextiles.

Natural geotextiles made of coir, jute, etc. are morc
preferred to synthetic fibres on account of the fact that the
material is environment friendly and ecologicall’

compatible as it gets degraded with the soil. Moreover,
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natural fibres are less costly which make it a better choice

compared to synthetic fibres.

1.2MOTIVATION

In any ground-engineering problems, geosynthetics
are mainly required to perform its function in full capacity,
only for a limited duration. For example, within temporary
haul roads, basal reinforcements for new embankments,
vertical drainage to increase shear strength etc. In most of
the cases, the geosynthetic capacity is surplus to the
requirements during the later periods of the working life of
such systems. In such situations, the deliberate and
designed use of a geosynthetic system, which has a
predictable reduction of capacity with time, is a good
engineering practice. Natural geotextiles made of coconut
fibres (coir geotextiles), jute fibre (jute geotextiles), sal etc.,
can be used. It is even possible to tailor made composites
of natural fibres to produce a material with required

strength time profile

India is one among the largest coir producing
country. Coir industry provides employment to people
belonging to weaker sections of the society in rural and
coastal areas. To protect the traditional coir industry and
to make it possible to meet the challenges in structured

development of the nation, the development of new
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products and new horizons of varied applications of i
existing products become necessary. More research wor
need to be carried out to explore the possibilities o/
utilizing coir fiber based products. Coir geotextile is or
among them, which has wide and versatile application |
civil engineering and infrastructure development. T
proper utilization of coir geotextiles in various applicatior
demands large quantity of the product, which is in turn
can create a boom in the coir industry. Systemati
research work in this area is yet to be done and th
utilization of coir geotextiles for unpaved roads ar
investigated in this research programme.
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OBJECTIVES AND SCOPE OF THE STUDY

2.1 GENERAL

Availability of good sub grade soil is the primary
concern in the design and construction of highway
projects. Indian Roads Congress (IRC 37-2001) specifies
that the sub grade soil should have a California Bearing
Ratio (CBR) of two per cent. Again, where the California
Bearing Ratio of the sub grade is less than two per cent, a
capping layer of 150mm thickness of material with a
minimum CBR of ten per cent shall be provided in
addition to the sub base layer. Ground improvement
technology has played a very important role in solving
many of major geotechnical problems in highway
construction as well as in other civil engineering fields.
The use of geosynthetic reinforcement as a basal

reinforcement in the construction of embankments over
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The objective of the present study is to explore the
possibility of utilising coir geotextiles for the construction
of unpaved roads after studying the functions and
imechanism of coir geotextiles as separators, reinforcement

and also for filtration and drainage.

2.2 SPECIFIC OBJECTIVES

1. To study in detail with respect to unpaved roads, the

functions and mechanism of coir geotextiles
a. As separators
b. As reinforcement and
c. For drainage/filteration.

2. To study the design parameters to be satisfied by
the geotextile for the above functions and obtain the
acceptable values as per standard design methods.
Design charts can also be prepared for the
application of coir geotextiles.

3. Based on above, select the suitable type of coir
geotextile for each purpose and prepare the design
for each.

4. Study suitability as drainage system

S. Study the field installation of coir geotextiles

This is achieved by conducting extensive laboratory
investigations:
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FUNCTIONS AND MECHANISM-A REVIEW

3.1 INTRODUCTION

Since soil is the basic material of any road, its
stability has the greatest effect on the condition of the
road. The road condition will in turn affect driver safety. A
geotextile will scparate the surface gravel and the roadbed,
and significantly reduce distresses. When a roadbed that
contains clays, silts, or peats becomes saturated with
water, then mud slurry forms. Then vehicles travel over
the road, applying loads to the softened roadbed, and the
sturry is "pumped’ upward. The slurry coats the gravel,
reducing friction between aggregates. Friction is reduced
or lost, and the aggregates slide past one another and fall
into the unstable roadbed below. This results in rutting. A

geotextile, carefully placed between the subgrade and the
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and the section deteriorates until complete structural
section failure occurs. This process can quickly destroy
the effectiveness of several inches (millimeters) of
aggregate. Contamination of the base course layer leads to
the reduction of strength, stifiness and drainage
characteristics. Problems are usually encountered when
the subgrade consists of soft clays, silts and organic soils.
This type of subgrade is often unable to adequately
support traffic loads and must be improved.

3.1.1.1 Typical Solutions

Excavating and replacing unsuitable materials is
costly and time consuming. Other methods of subgrade
improvement include deep compaction, chemical
stabilization and preloading.

3.1.1.2 The Solution with Geotextile separation

Geotextile separation is defined as the introduction
of a flexible, porous textile placed between dissimilar
materials so that the integrity and functioning of both

materials can remain intact or be improved (Koerner,
1994).

11
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soil from migrating up into the granular aggregate, the
detrimental effects of aggregate contamination are’
prevented. Thercfore, separation is considered to be the
most important of the different geotextile functions
provided.

The function is defined by prevention of mixing,
where some type of mechanical action causes mixing.
Mechanical action causing mixing generally arises from
physical forces imposed by construction or operating
traffic and may cause the aggregate to be pushed down
into the soft subgrade and/or the subgrade to be squeezed
up into the base aggregate. A properly designed
Geosynthetics separator allows the base course aggregate
to remain clean, which preserve its strength and drainage

characteristics.

A geotextile placed between the subgrade and

subbase layers offers the following advantages such as:

% Prevents contamination of the subbase and base

layers by fines.

Allows use of more structurally efficient free-

draining open-graded base materials.

+ Increases road drainage

Reduces the depth of excavation required to remove

unsuitable subgrade materials.

13
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In paved and unpaved roadway applications,
geotextiles provide tensile reinforcement through frictional
interaction with base course materials, thereby reducing
applied stresses on the subgrade and preventing rutting
caused by subgrade overstress. Geotextiles are used in
reinforcement  through mechanisms of restraint or
confinement, friction, membrane effect and local

reinforcement as explained in fig 3.2

Restninyconfnemont

. 3.2 Reinforcement function

Properly selected woven and nonwoven geotextiles
provide reinforcement in roadways. However, woven
geotextiles typically have a higher tensile modulus than a
comparable nonwoven. By providing high tensile strength
at low strains (ie., high modulus) woven geotextiles
generally are considered better reinforcement materials
than nonwoven geotextiles which typically provide high
strength at high elongations (low modulus). Therefore,

benefits derived from the reinforcement function are

15
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dependent on the amount of system deformation allowed
In unpaved roads, typically a large amount of deformation
is allowed and the reinforcement function of a geotextile
provides significant benefits. In paved roads, allowable
system deformation is usually very low and therefore it is
questionable whether the geotextile can provide
reinforcement. As a result, reinforcement is considered to
be the second most important geotextile function in

roadways.
3.1.3 Filtration and drainage

Geotextile filtration is defined as the equilibrium
geotextile-to-soil system that allows for adequate liquid
flow with limited soil loss across the plane of the geotextile
over a service lifetime compatible with the application
under consideration (Koerner, 1994).

In paved and unpaved roadway applications,
geotextiles provide filtration through their defined
openings that retain soil particles but allow the flow of
water. This results in a free draining pavement system. In
paved and unpaved roadways, filtration is similar t
separation. However a geotextile that is a good separator
(@ barrier) will not always be able to provide adequate
filtration (retain particles and allow water flow). This
aspect could be viewed in a positive direction in the case of

16
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Fig. 3.3 Filtration and drainage
In some locations, flow must be directed from the
face of a slope to a channel or pipe to reduce sheet
erosion. In these applications, a product that has a
relatively low permeability and high resistance to abrasive
materials and the ability to redirect water along a desired

path is necessary (Koerner, 94).

The key to this application lies in the ability of
geosynthetic to filter fines without becoming clogged. A full

understanding of the need for a geotextile filter layer

17
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depends on the cyclic shear stress induced on the top of
the subgrade due to vehicular loading, excess pore water
pressure developed in the subgrade and the tendency for
detachment of soil particles that will then be free to move
with the drainage water. With the need for a geotextile
filter established, a geotextile having characteristics

necessary to prevent fines migration can be selected.
3.2 SUMMARY

Geosynthetics have shown to provide functions of
reinforcement, separation, filtration and drainage. Proper
design of roadway must consider the potential impact of
cach of the four geosynthetic functions. Improper
consideration of any given function can result in poor

roadway performance.

The first consideration to be made should involve the
need for reinforcement. Reinforcement considerations
involve an assessment of the traffic load and its
distribution across the site. If the traffic is channelized,
then relatively large rut depth could develop and, if
permitted a tensioned membrane type reinforcement
function is needed. If traffic is random in its distribution
across the site, then a lateral base course restraint
reinforcement mechanism is more appropriate. Once the
issue reinforcement has been examined, the need for

18
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separation should be addressed. Separation will generally
be required when the subgrade is weak and typically
saturated and can easily squeeze up in to the base or the
base can easily be pushed in to the subgrade. To meet this
second set of conditions, the subgrade will generally need
to be a clay or silt, the base will need to relatively free of
fineness and the combination of the base lift thickness
and construction vehicle weight will be such that relatively
large stresses are imposed on the subgrade. For situations
meeting these conditions, a geotextile separator is the
most appropriate material to prevent mixing. Filtration
and drainage considerations should also be made.
Considerations of geotextiles used during construction
need also consider the type of geotextiles required during
the operational life of the roadway such that the material
can be used for both purposes.

19
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MATERIAL CHARACTERISATION

4.1 INTRODUCTION

The most important materials for the construction of
unpaved roads and embankments are soils and
aggregates. In many cases locally available marginal
materials are also have to be used in construction. In such
cases stabilizers and many new materials viz. Geotextiles,
geogrids etc., are used to improve the ground. In the
present study utilization of coir geotextiles for the
construction of unpaved roads and embankments are
explored. In a given application a geotextile can perform
one or several functions to improve the mechanical and or
hydraulic behavior of the structure in which it is
incorporated. The utility of coir geotextiles for different

functions is studied. Various materials used for the study

are soils (two types of red soil, silty clay soil and river
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sand), granite aggregates, and three fypes of coir
geotextiles. The properties of the materials were evaluated

in the laboratories and are summarized in this chapter
4.2 MATERIALS USED

4.2.1 Soil

The soils used for the study was taken from 5
different places in order to generalize the engineering
behaviour of coir geotextiles when it is used in actual

construction sites. The soils are grouped as follows:

1. Soil sample procured from Kakkanadu, Kochi.

2. Soil sample Maradu area in Kochi.

3. River sand

4. Two different types of clayey soil from
Nagapattinam, Tamilnadu.

5. Red soil taken from N.S.S College of Engineering,
Palakkad campus

The relevant properties of the soil were determined
in the laboratory as per current Indian standard

specifications and are discussed in the section 4.3

4.2.2 Coir Geotextiles

For the present work three types of coir geotextiles,
w0 woven type (H2M6 and H2MB8) and one variety of o™

B ¥ 4
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woven (AGL 100) were used. The propertics of coir
geotextiles were determined as per IS, BS and ASTM
<tandards in the geotextile testing facility available in the
Geotechnical engincering laboratory of Cochin University
of Science and Technology and are discussed in section

4.4
4.3 DETERMINATION OF ENGINEERING

PROPERTIES OF SOIL

The following tests were conducted to determine the
physical properties of the soils as per IS specifications.

4.3.1 Wet Sieve Analysis

About 500g of soil sample was taken and soaked in
tray for one hour. The slurry was sieved through a
4.75mm IS sieve and washed with a jet of water. The
material retained on the sicve is gravel fraction. It was
dried in oven and sieved through set of course sieves. The
material passing through 4.75mm IS sieve is sieved
through a 7Smicron sieve. The material washed until the
wash water becomes clear. The material retained on the
7Smicron sieve is collected and dried in on oven. It then

sieved through a sets of sieve.

23
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The material retained on each sieve was collected
and weighed. The percentage of gravel, sand and silt and

clay in the soil samples are as given in Table 4.1
432 Atterbergs Limits

The Atterbergs limits depend on the amount and
type of clay in the soil and are the basis for the

classification and identification of fine gained soils.
4.3.2.1 Liquid limit

About 120 g of thoroughly mixed portion of air dry
soil passing 425 micron IS sieve is taken. It is uniformly
mixed with water to form a paste on a glass plate. It is
Kept for about 4 hours under humid conditions for
\uniform moisture distribution. The paste is then placed in
a cup by spatula and is leveled by the straight edge of the
spatula to give a maximum height of one cm. By o
stroke a groove is cut by a grooving tool. The cup is lifted
and dropped by turning the crank at the rate of &
revolutions per second, until the two halves of the soil
come in contact with the bottom of the groove along &
length of 10 mm. The number of the blows required was
noted.
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Table 4.1 Results of Wet Sieve Analysis

Silt of high

1 | Kakkanadu, &
s 54 | M| ompressibility
2 | Nagapattina 58 42 Clayey sand
m Tamilnadu
5 | Negapattina e
o nitadn compressibility
7 [Marady, Clayey Silt of
Cochin; 40 60 |low
Kerala compressibility
5 | Red soil from Well graded
Palakkad sand with
12
o Intermediate
compressibility
L

The moisture content was noted. Water content

against logarithm of the number of blows was plotted as

flow curve. The moisture content corresponding to 25

blows was read from the flow curve, rounded of to the

nearest whole number is the liquid limit of the soil.

4.3.2.2 Plastic limit

A 50 g of thoroughly mixed portion of air dry soil
passing 425 micron IS sicve is taken. Water is added to

25
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the soil till it is near plastic or easily remouldable with
fingers. A ball of soil is taken and it is rolled with fingers
on the glass plate to form threads of 3 mm diameter.
Check whether the soil just shows hair line cracks.
Otherwise the threads are re rolled till it crumbled at 3
mm diameter. The crumbled soil pieces are collected and
the moisture content is determined. The average moisture
content as determined above is rounded off to the nearest

whole number and is the plastic limit of the soil.

Difference in percentage liquid limit to plastic limit

is reported as Plasticity Index.
4,33 Compaction test

Air dried pulverized soil passing 20 mm and
retained on 4,75 mm sieve is used for compaction testing.
A representative sample weighing approximately 16 kg of
the thoroughly mixed air dry material is mixed with water
(about 10 percent less than the estimated optimum
moisture content for clayey soils). The processed soil is
placed in an air tight tin for about 18 to 20 hours. The
empty mould is Weighed after oiling/greasing the inside
walls. The mould is assembled on the base plate and the
collar is fixed. The soil was compacted in 3 layers using 25
blows per layer. Each layer of the compacted soil i
scratched with a spatula before putting the soil for the
next layer. The mould with the compacted soil is weighed
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and obtained the moisture content from the middle of the
sample. The procedure is repeated using a fresh part of
the soil specimen every time and adding higher water
content than the preceding one. The graph is plotted with
dry density on the ¥ axis and the water content on the X
axis. From the graph plotted the maximum dry density
and the optimum moisture content is determined.

Table 4.2 Properties of soil

Liquid Limit (%) 54 | 82 [ a2 | 34 | si
Plastic Limit (%) 32 | 24 | 22 17:a) 8L
Plasticity Index 22 8 11 17 | 20
Maximum

e (:Zc) e S 5 s b b 0
OM.C (%) 23 igil=ng 18 17

4.4 ENGINEERING PROPERTIES OF COIR
GEOTEXTILES

This section presents the necessary test methods
and relevant details of estimating the properties of
geotextiles. Many physical and mechanical test methods

for geotextiles are partially, or completely, taken from
existing textiles standards.
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4.4.1 Mass per Unit Area

Mass per unit area, one of the basic properties of
geotextile is generally expressed in g/sqm. For commonly
used geotextiles, the mass per unit area varies in order of
magnitude from 100g/ sqm to 1000g/sqm. Mass per unit
area can be a good indicator of many other properties of
geotextile material. Variation of cost per length depends
mostly on the mass per unit area. The strength of the
geotextile normally depends on the thickness, which in
turn depends on mass per unit area.  The tensile
strength, tearing strength, grab strength, puncture
resistance and also burst strength, for geotextile material
will definitely depends on mass per unit area, and hence it

is an important property.

The arca of each specimen is determined to an
accuracy of 0.05 sq cm. A specimen of 200mm x 200mm
is weighed to an accuracy of 0.1 g and the area is
determined from the known dimension of the specimen.
The mass per unit area of each specimen is calculated and
is expressed in grams per square meter. The average mass
per unit area is calculated, rounding the result to the
nearest gram per square centimeters. The specimen is cut
in such a way that they are representative of the material
to be tested.
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4.4.2 Thickness

The coir geotextiles are compressible and so the
thickness measure will depend upon the pressure that is
applied. Hence it is necessary to ensure thickness at a
series of pressures and to study the general relationship
between thickness and pressure. Normally the thickness
of geotextiles is determined by measuring one layer of the
geotextile. In cases when two or more layers are used on
top of the each other in a design, a test may be used in
accordance with this standard with the agreed number of
layers instead of one. Thickness determined when
applying a pressure of 2 kPa to the specimen is the
nominal thickness. The thickness of the geotextile is
measured as the distance between the reference plates on
which the specimen rests on a parallel circular presser-

foot.

For the determination of thickness the specimen is
placed between the clean surfaces of the reference plate
and presser-foot .Then the presser foot is gently lowered
applying a pressure of 2 kPa to the specimen and the
gauge reading after 30 seconds is noted. Then the
specimen is then removed. The procedure is repeated with
a number of samples. The average value of the thickness

at each pressure given is expressed in mm. The average
value of thickness s reported.
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4.4.3 Strip Tensile Strength

Universal Testing machine-along with top and
bottom clamping arrangement and fixing adaptor to the
load frame is used to determine the tensile strength of
geotextiles, The concept of the test is to place the
geosynthetic material within a set of clamps or jaws and
place this in a tensile testing machine and elongate in
tension until failure occurs. During the elongation, both
load and deformation are recorded in such a way that a

stress strain curve is generated.

A standard size geosynthetic sheet (in the form of a
strip) is properly cut. The strip generally taken for
laboratory testing is 200cm long and Scm wide. In order
to have the clamping of the sheet, the length of the
geosynthetic sheet is taken as 25cm long, so that 2.5cm
on the other side goes in the clamping jaws and only 20cm
long sheet is tested for elongation. The properly clamped
sheet in both the jaws is then mounted on a load frame
with top and bottom adaptors and then the top adaptor is
connected to an load cell which in turn gets connected t0
the top reaction frame. The deformation is to be recorded
for elongation of the strip. The load frame is started in the
reverse direction.  The rate of elongation is kept
10mm/min. The tensile load is recorded as per the time
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schedule with the elongation readings. The test is
continued up to peak load and afterwards up to failure.

Tensile strength in kN/m = Total tension peak load in kN

Width of the strip in m

Fig. 4.1 Clamping Arrangement for Tensile tests
4.4.4 Wide Width Tensile Strength

tE

st s
o %
I F

Fig. 4.2 Wide Width tensile strength
The same universal testing machine, which is used
for strip tensile test, is also used for wide width tensile

test. Generally, wide width tensile strength tests are
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[image: image45.jpg]carried out on specimen of size 20 cm x 10cm. In this
method the geotextiles material is stretched in one
direction to determine the tensile strength and elongation
of the geotextile. The wide width tensile results are more
closely related to the field behaviour. The tensile strength
can be defined as the maximum force per unit width to

cause a specimen to rupture and it can be expressed as

T=F/W
where T = Tensile strength of the geotextile (kN/m)
of width
F- Breaking force, and
W= Specimen width (m)
4.4.5 Puncture Resistance

When a geosynthetic material is acting as a
separator, it is squeezed between a fine grained soil and a
coarse material. The geosynthetic material is then
subjected to concentrated load acting perpendicular to its
plane, from the fine soil on one side and from coarse
material on the other side. Some times, the sharp edges of
the coarse material tend to puncture the geosynthetic
material. In the laboratory, this simulation can be
modeled by a puncture resistance test. Even though the
accuracy of this test with respect to the coir geotextile is
questionable; the standard equipment for finding
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puncture resistance is used here, which consists of the
following:
1. A 150mm diameter mould with 150mm height, with

clamping arrangement at the top open surface.

2. A puncturing plunger having 50mm diameter with

its attachment.

The coir geotextile is properly clamped on the
topside of the mould by means of the clamping strip,
provided. The mould is kept on a compressive testing
machine and a puncture plunger of 50mm diameter is
placed on the coir geotextile exactly at the central position
and then connected to the top load cell which is in turn
gets fixed with the top compressive reaction load frame the
deformation or the penetration of the plunger can either
be measured by fixing a dial guage. The machine is
always run at a constant rate of strain and readings are
taken at a definite time interval, from which we can know
the plunger penetration. The load increases as the
penetration proceeds. The test is continued till the
maximum peak value is reached. The maximum force
recorded is the value of puncture resistance of geotextile

and the puncture resistance can be expressed as Newton
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4.4.6 Cross — plane permeability (Permittivity)

This test has been developed to evaluate the amount
of water per unit area passing through a geotextile (Here,
in the case of coir geotextiles, this property is relevant only
in Non woven the others being mesh with very high
permeability.) One of the major functions that getotextiles
perform is that of filtration. Here water flows through
geotextile. Hence geotextile permeability (across plane)
must be quantified. As it is well known that geotextile gets
deformed under load, the thickness goes on decreasing so
as to cause difference in permeability values. Thus a new

term permittivity (¥) is defined as :
W =Kn/t
where,

Kn: Permeability (or hydraulic conductivity) normél

to the plane of the geotextile (cm/s)
t: Thickness of the geotextile (cm), and
¥: Permitivity (S).

This is used in Darcy’s formula as under :
q=Kn.i.A= Knx (h/f)xA

q
(AxA)

Rearranging ¥ = Kn / t =

where, q = Flow rate (cm 3 /s)
1 - Hydraulic gradient (dimensionless)

34



[image: image48.jpg]Material characterisation

Ah=Total head loss (@rm
A= Total area of geotextile under test

The properties of coir geotextiles were obtained in
the laboratory and are tabulated in Table 4.3.

Table 4.3 Properties of coir geotextiles used

/unit area (g) 690 365 908
Thickness at 2 kPa 747 7.03 0.96
(mm)

Puncture resistance (N) 500 440 50
Permittivity () 0.024
Cross plane o5
 permeability (cm/s)

Mesh opening (mm x b BT

mm)

Construction (warp X 7

wet dm) 45x45 | 10x

Yarn runnage (m/kg) 210 220

Strip tensile strength

(kN/m) 17.80 05.00 -
Machine Direction

Strip tensile strength

(kN/m) 12.80 04.80 -

Cross Machine Direction
Wide tensile strength

KN ) 16.00 05.60 078
Machine Direction

Wide tensile strength

(kN/m) 12.80 05.60 0.75
Cross Machine Direction
Secant Modulus.

Wide Strip 64.00 15.00 9.20
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4.4.7 Aggregates and Screenings

These are used to simulate sub base and base
courses in unpaved roads. In India these are mainly Water
Bound Macadam (WBM). The properties of sub base ang
base courses are very significant as they have to bear the
stresses induced by moving traffic. The strength of this
layer depends on the interlocking and lateral confinement
of the layer. Granite aggregates and screenings were
procured from a local crusher unit. Coarse aggregates
used for WBM was grading type Il and the screenings were
grading type A and type B. The grading requircments of
aggregates and screenings are given in Table 4.4 and
Table 4.5.

The engineering properties of aggregate samples
used in the study were evaluated in the laboratory as per
1S-2386 and are summarized in Table 4.6. The aggregate
samples were seems to satisfy the requirements laid by

MORD.



[image: image50.jpg]Table 4.4 Grading requirements of coarse aggregate for

125mm 100
90mm 90-100
e
1 o 63mm 25-60
45mm
45mm 0-15
22.4mm 05
90mm 100
63mm 90-100
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3 T ¥
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Table4.5 Grading of screenings’

Grading Size of IS Sieve Percent by
No. Screening | Designation weight
passing
13.2mm 100
A
13.2 mm 11.2mm 95-100
5.6mm 15-35
180 microns 0-10
11.2 mm 100
B S
112 mm 5.6 mm 90-100
180 microns 15-35
*(as per MORD)

Table 4.6 Properties of aggregates used for WBM

- Property - Value

e rete Tt Valie 32%
Los Angeles Abrasion

Value A
Deval Attrition Value 26%
Water absorption 2%
Flakiness Index 26%
Elongation Index 13%
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EVALUATION OF INTERFACE FRICTION

5.1 INTRODUCTION

Reinforcement is one of the most important functions of

geotextiles in improving the soil properties, v whether it is used in
slope, embankments, and retaining wall or in pavements. ‘When
reinforcement is placed in soil it can develop bond through
frictional contact between the soil particles and the
reinforcement surface. Deformation in the soil mobilizes tensile
or compressive force in the reinforcement depending on the
inclination of the later and is ultimately limited by the available
bond between soil and reinforcement. Hence the shear frictional
behaviour of soil-geotextile interfaces places a pivotal role while
analyzing the overall performance of geotextile reinforced
constructions. The friction parameters such as coefficient of
friction must be determined as an indispensable factor to arrive
at the load conditions on the geotextile and for the
determination of design factors.
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The interfacial friction depends upon a large number of
parameters suich as pressure, grain size and shape , surface
roughness of geotextile etc.. Modified Direct shear tests are
suitable for measuring the coefficient of friction between s
and reinforcement and details of the direct shear tesis
conducted with different types of geotextiles are discussed in
this chapter.

5.2 TEST DESCRIPTION

The direct shear test apparatus consisted of 60mm x
60mm x 40mm deep shear box split horizontally at mid height
with displacement controlled loading system. The rate of sheat
displacement was 0.02mm /second. The constant normal siess
was applied by dead load. and the range of normal stress
applied in this study is 25 kN/m? to 125 kN/m?. Fig 5.1 shows
the schematic diagram for test setup for the present study.

Fig. 5.1 Schematic Diagram for Test Set up
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5.3 SPECIMEN PREPARATOIN AND TEST
PROCEDURE

Fig. 5.2 Test Specimens

Wooden blocks were cut to size so as to fit into the
bottom half of the direct shear box. Coir geotextiles cut
into 60mmx 60mm sizes were glued in the top surface of
the rigid wooden block (Fig.5.2). The rigid wooden block
with coir geotextile was fitted inside the lower half of the
direct shear box. The upper shear box was placed over the
lower shear box and pins were placed at the corners.
Calculated quantity of soil was placed in the shear box
and tamping were given to get the required density. The
test procedure laid in IS: 2720 Part 13 was adopted for the
entire series of experiments. Great care was taken to
maintain the density. Fresh soil samples and geotextiles
were used for each test. Normal stresses of 25kPa, 50kPa,

75kPa, 100kPa and 125kPa were applied peak shear load
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and in turn the peak shear stress was obtained for each
normal stress. Shear stress versus normal stress graphs

were plotted to get the peak angle of internal friction
5.4 TEST PROGRAMMES

Test programmes for the direct shear test are presented

in Table.5.1
Table 5.1 Details of test series
rsnﬁ‘é ~ Type of Type of | Density Water
Subgrade soil | Geotextile content
Nil, H2M8, | 1.5 g/cc, 1.6
1 Sand H2M6 and | g/ccand 0
NW 1.7g/cc
Nil, H2M8, 10%,
1 RedSoil | H2M6and | 15g/cc |15%and|
NW 20%
Rock Nil, H2M8,
i Crushing | H2M6 and | 1.65g/cc 0
>4.75mm NW

5.5 RESULTS AND DISCUSSIONS

The direct shear test results and discussions of the
test results are presented in the following sessions. The
relationships of shear stress versus normal stress were
plotted for different interfaces of soil and coir geotextiles

2



[image: image56.jpg]Fealuation of Interface Friction

Failure state was defined as the peak shear stress. Values
of direct sliding coefficients were calculated and compared.
The variations of normalized friction angle (o /¢) were also
studied.

5.5.1 Shear stress - Normal Stress Relation

A series of experiments were done using two types of
soil (sand and red carth) and three types of coir geotextiles
(Woven - H2M6 and H2M8 and Non Woven ) to get
different interfaces. Fig.1 to Fig5 shows the failure
envelopes obtained by plotting peak shear stress and
normal stresses. It could be seen that maximum shear
strength by way of interfacial friction is developed with soil
having high particle size at high density. It could be also
seen that the normal stress — shear stress relation is
identical for all the cases of soil coir geotextile interfaces
studied. The friction angle for different conditions and
Friction Enhancement Ratio, calculated as the ratio of
reinforced friction angle to that of soil alone (¢: / ¢), are

tabulated in Table 5.2 in order to have a quantitative
analysis.

Variation of peak shear stress developed with

different normal stresses are are plotted and shown in Fig.
5.3 to Fig. 5.5
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Table 5.2 Interface Friction Angles
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5.5.2 Effect of Geotextile

It can be observed from the plots Fig. 5.3 to Fig.5. 5
for the series of experiments done, the behaviour of
interface is related to the characteristics of reinforcing
material, the coir geotextiles and the soil properties. It
could be seen that interfacial friction is more with NW coir
geotextiles irrespective of the soil and its gradation. This
may be due to the larger thickness of the shear band
because of the more roughness of the NW coir geotextiles.
Since the NW coir geotextiles are the roughest among the
coir geotextiles used, and the interlocking effect is most
significant, shear band is the thickest and hence more
strength. Again the NW coir geotextiles are in full contact
with the soil, more soil grains are mobilized in the
shearing process. Comparing H2M6 and H2M8 woven coir
geotextiles, it could be seen that H2M8 coir geotextile
performs better than H2M6 coir geotextile in all soils
tested. This may be due to the lesser contact area of
woven coir geotextiles depending on their mesh size. Small
mesh sizes will allow more particles to be interlocked on
its surface and hence higher value of friction coefficient.
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5.5.3 Direct Sliding Coefficient and Friction Coefficient

Direct sliding coefficient or Coefficient of Direct
sliding (Cds) were determined in accordance with ASTM D
5231 over the range of normal stresses encountered. It
was calculated as,

--- (6.1)

Cds = Rds / (L on tang)

where, Rds = Maximum shear resistance (kN/m)
L = Stationary length of geotextile (m)

64 = Effective Normal Stress ( kN/m?)

@ = Effective soil friction angle.

Based on the specification for geosynthetic used as
soil reinforcement in mechanically ~stabilized earth-
retaining  structures, the minimum Direct Sliding

Coefficient values shall not be less than 0.8.

The friction coefficient was calculated as the tangent
of the interfacial friction angle between soil and coir
geotextiles. Values of direct sliding coefficient and friction

coefficient for cases considered are summarized in Table. 3
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55,4 Type of Soil

The test results indicate that the particle size, shape
and gradation affect the interfacial shear at a given stress
level. With a particular coir geotextile, soil with larger
particle size gave higher friction. This could be due to the
fact that the width of the shear band was affected by
particle size. The area of shear zone is larger as the
particle size is more. Larger amount of energy is needed t0
transform the larger area. The frictional resistance was
Jarger in the same order of area of sheared zone that is, in

the same turn of the grain size.

5.5.5 Effect of Density

Fig.5.6 shows the variation of friction coefficient
with density. Tt is clear from the graphs that the coefficient
of friction increases with density. The coefficient of friction
increased from 0.75 to 1 when density was increased from
1.5g/cc to 1.7g/cc. With NW coir geotextile in sand this
increase was from 1.03 to 1.22 for rock dust, at density
1.51g/cc the friction coefficient was 0.83, which was

increased to .98 at 1.75 g/cc. With NW coir geotextile this
increase was from 0.99 to 1.35
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Fig. 5.6 Variation of Friction Coefficient with Density

Theoretical Analysis

As can be observed from the previous sessions, the
frictional ~ characteristics of soil geotextile interface
depends on many factors such as type of geotextile, type of
soil, density of soil etc. While designing the geotextile
reinforced structures the overall direct sliding resistance is
an important characteristic and is measured in terms of
direct sliding coefficient. Theoretical expression for direct
sliding coefficient is available for polymer or synthetic ty®
of materials (Jewell, 1996) as
-6.2)

a ds = a (tan 8/tan @) + (1 - as)--
where
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a4~ fraction of grid surface area

& = interface friction angle

& = friction angle for soil

Here an attempt is made to compare the value
obtained theoretically using the above equation with the
actual direct sliding coefficient value obtained from the
experiment for different cases as shown in Fig. 5.7. It can
be observed that both the experimental and theoretical
values compare well within marginal variation and hence
it can be safely state that the formula holds well in the
case of coir geotextile also and we can predict the direct

sliding coefficient of any soil with coir geotextiles also.

P

po—

Fig. 5.7 Comparison of Theoretical and Experimental Values of Direct Sliding
Coefficient
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5.6 SUMMARY

The experimental studies revealed that the
interfacial friction characteristics of coir geotextiles are
enough to fulfill its functions such as reinforcement,
separation etc. The values of interface friction
characteristics of coir geotextiles obtained were much
more the values specified by the International

Geosynthetic Society for use in different applications. The
frictional characteristics of coir geotextiles are more than
its polymeric counterparts. Due to the provision of co
geotextiles, the friction coefficient was increased by as
much as 30% to 40%. |





