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STRENGTH OF COIR GEOTEXTILE
REINFORCED SUBGRADE

6.1 INTRODUCTION

The behaviour of road surface depends on the
strength of the fill material and the subgrade below it.
Construction on soft subgrade soil has been identified as a
major issue affecting cost and scheduling of highway
projects in regions were soft subgrades are common. The
strength of the subgrade is most often expressed in terms
of California Bearing Ratio (CBR). The values of Modulus
of subgrade reaction and resilient modulus of soil have
been correlated with CBR value. In India the design of

flexible pavement make use of primarily the subgrade CBR
(IRC: 37 - 2001)

The California Bearing ratio (CBR) test is developed
by California State Highway Department for evaluation of

subgrade strength. This test involes in measuring the load
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required to cause a plunger of standard size to penetrate a
specimen of soil at a standard rate of penetration. The test
is conducted either in soaked or unsoaked conditions
depending on the site conditions. In the case of soaked test
the soil sample is soaked in water for 96 hrs before the test
The test has been adapted by the US Corps of Engineers for

design of flexible pavements.

Another way of assessing the strength of soil
subgrade is in terms of Unconfined Compressive Strengih
(UCC). A series of test was also conducted to study the
effect of coir geotextiles in UCC.

6.2 EXPERIMENTAL PROCEDURE

6.2.1 CBR Tests

The test set up for the experiments is shown in Fig. 6.1.

Fig6.1 Test Set up
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CBR test by static compaction is conducted (IRC 37- 2000).
In this the wet weight of soil to be filled in the mould is
calculated by the equation

Wavefax(1+W)V- 6.1)
whereWaet =  wet weight of soil to be filled in
volume V

ya=dry density of soil
w=optimum moisture content of the soil
V= volume of CBR mould

Standard equipment covered under Indian Standard
specification for CBR moulds and its accessories IS. 9669
- 1980 (reaffirmed 1987) is used in this investigation. The
general procedures adopted for these tests are as per IS
2720 (Part 16)- 1979. The surcharge weight of 5 kg has
been used to simulate paved material over the subgrade.
The test was conducted at a constant deformation rate of
1.25 mm/minute for the 4 days soaked specimen and the
loads corresponding to the penetrations 0.0, 0.5, 1.0,
1.50, 2.0, 2.50, 4.0, 5.0, 7.50, 10.0, 12.50, and 15.0,

20mm were recorded.

The CBR values were calculated for all the

combinations of the test at 2.5mm and Smm penctrations
using equation 6.2
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California Bearing ratio CBR = (Pr/Ps) x 100 ...(6.2)

where Pris the corrected load and Ps is the standard
load corresponding to the deformation at which Py i
measured. The standard load at 2.5mm and Smm
penctrations are 1370 kg and 2055 kg respectively.

6.2.2 UCC Tests

The unconfined compression tests were carried out ona
larger size samples having a diameter of 7.6cm and a
length of 15.2cm. The tests were done at the optimum
moisture content and maximum dry density of the soil.
The prepared samples are placed under Universal Testing
Machine and the penetrations versus applied loads were
noted till failure.

6.3 MATERIALS

The Engincering properties of soil samples and coir
geotextiles used in this investigation are given in chapter 4.
63.1 Various Specimen Tested

Three types of coir geotextiles, nonwoven and two woven
varieties were used as reinforcement in these studies:
Eventhough all possible types of geotextiles -soil
combinations were not tried in these studies, generdl
trends can be observed from these sets of experiments Y
comparing with the basic values of unreinforced S0l
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Various  specimens are prepared by  providing
reinforcements at different heights as shown in Fig. 6.2

The different positions were:

« Without any reinforcement
« With coir geotextile at h/3 depth
« With coir geotextile at h/2 depth

« With multiple layers

“115 = P Corgrotete
I [ — Sl
i —i5—
(a) Soi alone (b) Geotextile at depth hj2
15

50—

) Geotextie at depth 3 from top

Fig 6.2 Schematic Representation of Soil Samples with
Coir Geotextile
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6.4 RESULTS AND DISCUSSIONS

The experimental results give a clear indication that
the presence of coir geotextiles influences the California
Bearing Ratio (CBR) of the soil. The improvement in
strength of soil due to the placement of coir geotextiles is a
function of interaction of coir geotextiles with the soil. It
was observed that there exists interaction between soil
and coir geotextile in soaked and unsoaked condition. The
parameter varied for different combinations include

 Number of layers

« Position of reinforcement

« Type of reinforcement

* Soil conditions

6.4.1 Number of layers of Reinforcement

(=

e /

Fig 6.3 Geotextile position for different number of layers

In order to study the effect of number of layers of
reinforcement  different  sets of cxperiments Were
conducted in soaked and unsoaked conditions in red soll
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Table 6.1: CBR (%) values

from Palakkad (Soil type 5) with three types of geotextile
H2MS, H2M6. The values obtained for various test
conditions are tabulated in Table 6.1. It is found that
irrespective of type of geotextile and the soaking condition,
the penetration resistance and hence the CBR value
increases as the number of layers of reinforcement

No. of 1 73 7 55 %4
AsyErs 2 8.4 7.9 8 6.5
3 | 102 85 99 76
: 1 4.3 0 375 10
% increase
2 20 T2
in CBR i 10 (2]
B 45T |ald 1475 %0

can be seen from Table 6.2

Similar trend could be observed in UCC values as

61



[image: image8.jpg]Cliapter 6

Table 6.2 UCC values in N/mm?

Geotextile H2M8 % increase in UCC
[F0 13 = ‘
1 14 7.69

No. of Layers

2 1.72 32.3

3 224 72.3 “{

6.4.2 Position of Reinforcement

In order to study the effect of placement depth,
geotextiles are placed at different depths viz., at H/4, H/3
and H/4 from the top. It can be clearly scen from the Fig.
6.4 that due to the placement of coir geotextiles the CBR
value is increased irrespective of type of coir geotextiles or
placement depth, but quantum of increase depends on
type of coir geotextile and placement depth. In all cases it
is seen that though the CBR value is increased , the
percentage increase was less when coir geotextile was
placed between H/2 and H/3 from top where as this
percentage was very much pronounced when  coir
geotextiles were placed in the H/3-H/4 region

6,43 Type of Reinforcement

The type of coir geotextile used has a role in the

performance of CBR of coir geotextile reinforced soil .The
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properties of coir geotextile viz. its mass density, mesh size

and modulus may affect the properties. This can be

observed from Fig. 6.5.
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mNW at H/4
ANW at H/3
oNW at H/2

01 2 3 458 78 610112

Penetration (mm)
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Fig 6.4 Effect of Position of Reinforcement
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It can be observed that in unsoaked condition m‘mv
woven coir geotextile showed maximum penetration
resistance giving greater CBR value where as,

condition H2M8 woven geotextile gave more CBR value.
lay soil and red

This behaviour was identical for both in ¢
soil. Silty clay in soaked condition with geotextiles at H/4
from top, the CBR values obtained were 1.9% and 3.35%
for NW and H2M8 respectively. But for the same soil in
un-soaked condition the CBR values were respectively
4.25% and 3.54% for NW and H2M8.

To improve the penetration resistance of the soil
geotextile mass, two properties of the fabric are important,
namely, elastic modulus and soil geotextile interface
friction angleThe difference in behaviour of geotextile is
observed because of the possible difference in mobilization
of strength with penetration and their relative importance
in improving the strength of soil. Larger the value of
elastic modulus of the fabric and the value of soil
geotextile friction angle, greater should be the strength of

the soil geotextile mass

6.4.4 Soil Conditions

From the load penetration curves for soaked and
unsoaked conditions presented for red soil, the percentage

increase in CBR value for reinforced soil when compared
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with unreinforced condition is lower for soaked conditiog
than percentage increase in the CBR value for unsoakeg
condition. Where as for silty clay soil percentage increase
in CBR value when compared with unreinforced condition
is higher for soaked condition than percentage increase in
unsoaked condition. It may be noted that CBR of red sil
is 3.3 times greater than that of silty clay soil in unsoaked

condition and 3.5 times more in soaked condition.
6.5 CONCLUSIONS

Depending on the type of soil, type of coir geotextile
and soaking conditions, the percentage increase in CBR
varies. Analysing the results obtained, in general, it can be
stated that H2M8 and Nonwoven geotextiles perform
better, the performance of later being found to be betterin
unsoaked clayey silt soil. In soaked conditions, it was
found that H2M8 perform better than Nonwoven.
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BEARING CAPACITY OF COIR
REINFORCED SUB GRADES

7.1 GENERAL

One of the important functions of geotextiles is to
increase the bearing capacity of the soil. The
reinforcement consists of placing reinforcing elements
such as strips, bars, sheets, grids, cells etc. in the soil.
This can be placed in single layer or in multiple layers. In
the current investigation coir geotextiles in the form of
mats are used as reinforcements. Performance of square
footings resting on coir geotextile reinforced sand beds,

both in dry and saturated conditions are discussed in this
chapter.
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7.2 BACKGROUND

h Sand

Fig. 7.1 Reinforced Sand Bed

Fig.7.1 shows a square footing supported by coir
geotextile reinforced sand bed. The dimension of the
footing is B x B. The footing is subjected to an intensity of
loading q’. The depth of the sand bed is ‘h’. Coir geotextile
is placed at a depth 7’ below the footing. The ultimate
bearing capacity of foundation can be given by the
equation (Vesic, 1973)

qu=0.5yBN,S, - - (7.1)

Where, 7 is the unit weight of soil, N, is the bearing
capacity factor and S, is the shape factor, which may be
expressed as

- (7.2)

S, =1-04B/L -
Typical nature of load settlement curves for unreinforced

and reinforced cases are shown in Fig. 8.2.
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Fig.7.2 Typical load Settlement Curves for Unreinforced sand and Coir
sand supparting a Square Foundation

The improvement in ultimate bearing capacity of a
foundation due to soil reinforcement is generally
expressed in a non-dimensional form called Bearing
Capacity Ratio, BCR (Binquet and Lee, 1975) defined as

BCRu = qu(r) / Qu -~

- (7.3)

Where, qu () is the ultimate bearing capacity with
soil reinforcement and qu is the ultimate bearing capacity
without reinforcement. In practice, most shallow
foundations are designed for limited settlement. Hence it
is essential to determine the BCR at various levels of

settlement. Referring to Fig.7.2 the BCR at a settlement
level S < Sy can be defined as
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Rs=qr / q
Where, qg is the load per unit area of foundation for

reinforced case and q is the load per unit area for

unreinforced soil at a settlement level S.
7.3 EXPERIMENTAL SET UP

A series of model loading tests were conducted in a cubical
steel tank measuring 1m x 1m x 1m made up of mild steel

sheets and angles

Fig. 7.3 Experimental Set up

A bearing plate of size 20cmx20cm is used 1
transfer the load to the soil with and without
reinforcement. Load is applied by means of loading frame
provided with a hydraulic jack having capacity 200k
Dial gauges are placed on the four corners can be used 0
measure settlement. Control valves were provided at the

bottom of the tank to facilitate saturation of the sof
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sample. A standpipe was fixed outside of the tank wall to
nbuwethewaterlevnlinmesoﬂ. After filling the tank to
the desired height in desired density, where coir geotextile
is to be placed, the fill surface was leveled and the coir
geotextile was placed. Sand was again added in layers to
reach the full height. The footing was placed on a
predetermined alignment so that the loads from the
loading jack would be transferred concentrically to the
model footing.

7.4 TEST RESULTS AND DISCUSSIONS

The performance improvement due to the provision
of coir geotextile reinforcement is represented using a non
dimensional parameter, BCR which is defined as the ratio
of footing pressure with reinforcement at a given
settlement (qr ) to the corresponding pressure on the
unreinforced soil (q) at the same settlement. The results of
experiments using three types of coir geotextiles placed at
three embedment levels in dry and saturated condition are
discussed below. In general it was observed that the
deformation was reduced considerably by the use of coir
geotextile both in dry and saturated conditions.

7.4.1 Variation of Bearing Capacity with z/B

The variations of the load with footing settlement for
various values of z/B obtained from the laboratory model
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fests on coir geotextile reinforced sand beq i dy
condition are shown in Fig. 7.4 and Fig7.5 wity Hovg
and NW coir geotextiles respectively.

T

T

i

5 Settlement in mm
(Ins s ARaERRRERN

a2
#Sand ary
WH2M8 2B=0.5
AH2M8 z/B=1 S
®H2M8 2/B=15 "
h i

+
i) =

Fig.7.4 Load Settlement behavior of coir Geotextile (H2M8)
reinforced sand bed
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Fig. 7.5 Load Settlement behaviour of Nonwoven
reinforced sand beds



[image: image19.jpg]‘ earing pacity o Coir Renforeed subgrads

742 Effect of type of Coir geotextiles

In order to understand the beneficial effect of

different type of coir geotextiles as reinforcement, load

settlement graphs were plotted for a specified value of 2/B.

. Fig 7.6 shows the load settlement behaviour for 2/B=0.5
vis B 2 e F TR B

+SandDry.
oH2M8 ‘
AH2ME

X Non Woven ‘

0

20| 2B=05
5 e

Fig.7.6 Load Settlement behaviour with Coir geotextiles
placed at 2/B=0.5
It could be observed from the graphs that in dry

condition, the performance of non-woven coir geotextile
was the highest, For all z/B ratios, H2M6 coir geotextile
showed minimum capacity enhancement. The higher

performance of H2M8 coir geotextile compared to H2M6
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coir geotextile may be attributed to higher values of

stiffness, interface friction and modulus
7.5 PLATE LOAD TESTS ON WBM

The plate-loading tests were carried out to
investigate the behaviour of coir geotextile reinforced
unpaved roads resting on soil deposits. The tes:
configuration consisted of 60cm thick soft clay layer
overlain by a WBM of 150mm thick nesses. Silty soil,
woven and nonwoven coir geotextiles were used for the
study. For preparing WBM grade 2, particular range of
aggregates was also selected. Silt of high compressibity is
used for the study. The properties are explained in table
4.1 and 4.2 (Soil type 1) .

Both woven and non-woven coir geotextile is used
for the study.

As per  IRC 27 specifications aggregates were
selected for the preparation of Water Bound Macadam
Grade 2. Sieve Analysis was done to grade the aggregate.

Gradation of aggregate used are given in table 7.1
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Screening of type A is selected and the gradation is
as shown in table 7.2

Table 7.2 Gradation of screening (Type A)

13.2

7.5.1 Test Programme

The following series of plate load tests were carried

out during this investigation  with different
configurations.
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Type [

Type II

Type Il

7.5.2 Experimental Procedure

WBM base course with silty
soil sub grade. Thickness of
WBM layer considered:
150 mm

WBM base course with silty
soil sub grade and one

layer of woven coir
geotextile at subgrade-base
course interface. Thickness
of base courses considered

150mm

WBM base course with
silty soil and one layer of
Nonwoven coir at
subgrade-sub. base
interface. Thickness of base

course considered: 150mm

The 0.95Y4 was taken as the density for the test and

the corresponding water content was also calculated Thus

the water content and dry density of soil was kept
constant in all tests and equal to 14% and 1.50 gm/cm’
respectively. To achieve this, the existing water content of

soil was determined before each test and the water content
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\was adjusted accordingly. The weight of soil for desired
dry density (1.50 gm/cm?) was worked out and that much
quantity of soil was filled in the tank. The sample was
filled in the tank in layers, each layer being 15 cm thick
and compacted to required density . Thus the soil was
filled up to height 60 cm in each test. Above the
compacted soil Water Bound Macadam of grade 2 was
provided. The settlement corresponding to various load
application are observed. Again, the sample was removed
and the procedure repeated by placing coir geotextile
H2MS8 as interface between soil and WBM. Again it is

repeated with non-woven coir geotextile.
7.5.3 Results

The result of the plate load test with woven and non
woven coir geotextile are as shown in fig 7.7. Here also
placement of a single layer of geotextile improves the
supporting power of the subgrade more than two times.
Here in addition to the function of reinforcement, the
geotextile perform as a separator also and thereby
prevents the mixing of subgrade and the coarse material

for the base. These factors increase the carrying capacity
also.
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Fig.7.7 Load Settlement behaviour of WBM with Coir geotextiles

7.6 SUMMARY

Results clearly demonstrate that coir geotextiles, a
natural product, can substantially increase the bearing
capacity of shallow square footing on sand. It is also found
that coir geotextile can better act as a separator between
sub grade and basc course. The better performance is
found with non-woven geotextile in dry condition tested.
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RUT BEHAVIOUR OF COIR GEOTEXTILE
REINFORCED UNPAVED ROADS

8.1 GENERAL

A road continuously deteriorates under the
combined action of traffic loading and the environment.
The most common indicators of pavement performance,
the ability of roads to satisfy the demands of traffic and
environment over its design life, are surface rutting,
fatigue cracking, riding quality and skid resistance.

Geotextiles increase the stability and improve the
performance  of weak subgrade soils primarily by
scparating the sub base from the subgrade. Placing
geotextile at subgrade - sub base or sub base - base
interface, subgrade restraint can be enhanced which will
facilitate the mobilization of heavy construction machinery

at site. The mechanisms attributing to this are increased
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bearing capacity in addition to lateral restraint ang
tension membrane effect. Substantial life cycle cost saving
is possible with geosynthetic reinforced aggregate base

course in pavements.

Mechanistic method for flexible pavement design is
regarded as the most powerful pavement design
methodology and is becoming increasingly popular
amongst various countries. In India too Indian Roads
Congress has updated the specifications for flexible
pavement design by changing the design methodology
from empiricism to mechanistic design principles. In the
mechanistic approach, the two design criteria, the fatigue
failure and rutting failure corresponding to the horizontal
tensile strain at the bottom of the bituminous layer and
the vertical compression strain on the subgrade are

considered (Chakroborty and Das, 2003).

Rutting is the permanent deformation along its
wheel path. It is a manifestation of two different
phenomena: i) densification and ii) shear deformation of
pavement layer materials and subgrade (Yoder and
Witczak, 1975). Rutting is very important because of its
safety implications. The contributions to rutting from
various layers could be different. It is reported that 46% of
rutting took place from bituminous surface and granular
base course, while sub base and subgrade contributed
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54% of the total rutting (AASHO, 1962). The vertical strain
on the subgrade is assumed as the index of rutting to
oceur in a pavement.

In the present study, the rut behaviour of unpaved
roads with coir geotextile reinforcements placed at
subgrade - sub base interface under the action of
repetitive loads were studied. The details of the testing
programme and discussion of the results obtained are
described in this chapter.

8.2 RUT BEHAVIOUR UNDER REPETITIVE LOADS

In order to study the benefits of applying coir
geotextile reinforcement in improving rutting resistance of
unpaved roads, laboratory wheel tracking tests were
performed. The details of the study are explained in the
following sections.

8.2.1 Wheel Tracking Apparatus

Various forms of full scale track test and laboratory
simulated wheel tacking models have been adopted to
cvaluate rutting potential of pavement materials.
Although full scale tests sections are ideal for investigating
the pavement resistance to rutting, it is costly to construct
and maintain Laboratory wheel load tracking tests
remain the most practical tool to study the rutting
behavior of pavement materials under moving traffic loads,
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A wheel-tracking machine was designed and
fabricated in the present work to study the effect of load
repetitions. Track bed was made in a steel tank measuring
1.5m x 0.75m x 0.75m. A 0.5 HP constant torque geared
motor was used to control the motion of the wheel. The
wheel was 200mm diameter and 45mm wide with a rubber
ring over it. The motor was mounted on a frame, which
moves on four 60mm diameter wheels, on rails provided
on the top of two long sidewalls of the tank. The tracking
machine had an in built counter that can register the
number of passes of the wheel and the number of wheel
passes required for a test could be preset. Arrangements
were provided for simulating ESWL by placing steel plates
on the frame. Rut measurements were made using a depth
gauge and LVDTs. During the test, the wheel traveled to
and fro along the centre line of the test section. The wheel
covered a distance of 1.50m in a reciprocating motion. The
speed of the wheel was set as 20 passes / minute which
corresponds to a wheel speed of 1.8km/ hour. The
longitudinal section and cross sectional view of the test up
is shown in Fig8.1. The photographs of the test set up are
given in Fig. 8.2.
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Fig. 8.1 Wheel tracking apparatus
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The tests measured the surface rut depth and base

deformation of the pavement when loaded by a moving
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wheel simulating using wheel load. Rut depths were
measured as a function of the number of loading cycles.
The ability of the geotextile reinforcement is to distribute
the load over & wider area were monitored and analyzed.
The results of the reinforced sections were compared with
unreinforced sections to assess the advantages of using
geosynthetics in increasing the rut resistance of un-paved

roads.
8.2.2 Testing Programme
In the present work 3 sets of experiments were conducted:

1) Experiments using red earth as subgrade with WBM

surfacing

?) Bxperiments using red earth as subgrade with
carthen road surfacing

3) Experiments using clay as subgrade with earthen
road surfacing,
83 TESTS ON RED EARTH AS SUBGRADE WITH
WBM SURFACING

soil in layers and compacted to o density of 14 kN/m3, The
subgrade was filled to a height of 600mm. Coir geotextile
*as placed over the subgrade and then WBM layer was
'aid over it using aggregates of size 22.4mm down anq
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screenings of grading classification B. The compacted
thickness of the WBM layer was 150 mm. Four series of
experiments were done viz.

1. Control test with no geotextiles

2. Test with Non woven coir geotextile as separator at
the subgrade base interface
3. Test with H2M8 coir geotextile as a reinforcement
and separator at the subgrade base interface
4. Test with H2M6 coir geotextile as a reinforcement
and separator at the subgrade base interface
Rut measurements were taken using the depth
gauge at 25 locations (Fig. 8.3) after the specified number
of wheel passes.

A BCDE

3 6x25=150cm.

F——6x125=75 cm—
Fig. 8.3 Locations of rut measurement
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83.1 Test Results and Discussion

The principal criterion for determining the thickness
of flexible pavements is the vertical compressive strain on
top of the subgrade imposed by standard axial load. In
India the standard axial load is 8.16 kN. Excessive vertical
subgrade strain causes permanent deformation in the
subgrade, which is manifested in the form of rutting on
the pavement surface. Acceptability level of rut depth is
different  in  different countries. IRC:  37-2001
recommended an allowable rut depth of 20 mm to
estimate the rutting life of the pavement in terms of
standard load repetition. IRC: SP: 20-2002 recommends
that the maximum rutting that can be accepted in village
roads may be taken as 50 mm before rehabilitation work
is needed (Babu, 2007),

From the observed data, rut profiles in the
longitudinal direction and transverse direction were drawn
for the controlled section and coir-reinforced section.
Again curves were drawn connecting rut depth and
number of wheel passes. Fig 8.4 gives the transverse rut
profile at center (through A3, B3, C3, D3 and E3) for the
control section. It could be seen that a rut depth of 20 mm
has occured at about 50 number of wheel passes. The
development of rut Wwas very faster in the initial stages of

wheel passes. and  afterwards it seemed gradual,
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Accordingly, a rut depth of 29mm, which was obtained for
500 passes became 49mm only at 1750 number of wheel,
passes. The soil on either side of the wheel was bulged due
to loading, which is manifested as negative settlement in
the figure. Fig. 8.5 shows the variation of rut depth with
wheel passes after 1750 wheel passes along the center
(through A3, B3, C3, D3 and E3). It was observed that due
to placement of the coir geotextile the rut depth was
reduced considerably. Thus, when rut measurements were
taken at C3 location, on the section reinforced with non-
woven geotextile, it was only 2mm, whereas it was
48.5mm for the unreinforced case. Similar effects were
noted with other geotextiles like H2M8 and H2M6, which
gave maximum rut depths of 24mm, and 30mm
respectively at 1750 passes of the wheel. The percentage
reduction in rut depth amounts to 55%, 50% and 38%
respectively with Non-woven, H2M8 and H2M6. At B3
location the bulging was eliminated when coir geotextiles
were placed. Thus it can be concluded that coir geotextiles
function both as separator and as reinforcement in the
case of repetitive loads also. From the profiles drawn it
was observed that, heaves on both sides of the rut had
approximately in equal volume to the volume of rut. This
suggests that displacement of the materials rather than
densification of the layers contributed to the it
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formation. While comparing reinforced and unreinforced
cases it was observed that there existed only marginal

heaving in coir-reinforced sections.
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Fig. 8.4 Transverse rut profile for control sec
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Location of rut measurement

Fig. 8.5 Rut profiles for reinforced sections after 1750 wheel passes

89



[image: image36.jpg]Cliapter 8

Fig. 8.6 shows the variation of rut depth with the number
of wheel passes when coir geotextiles are placed a
subgrade sub base interface. It could be seen that a rut
depth of 20mm was produced due to 55 wheel passes in
the case of control section whereas coir reinforced section
with H2M8 coir geotextile needed 1050 passes for the
same rut depth to take place. Also, sections with Non-
woven and H2M6 coir geotextiles produced 20 mm rut
after 950 and 450 number of passes. Variations in rut
depth for 500, 1000, and 1500 passes are shown in Fig.
8.7. It is clear from the figure that H2M8 and Non-woven
coir geotextile produced similar performance. The
longitudinal profile of the rut developed (Fig. 8.8) shows
that the variations along the path of the wheel are very

small.

—o— Control section
—=— With H2M8
—a— With NW
—8- With H2M6

Fig.8.6 Variation of rut depth with number of wheel passes
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Fig. 8.7 Effect of coir geotextile on rut depth
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Fig. 8.8 Longitudinal rut profile
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8.4 WHEEL LOAD TESTS ON EARTHEN ROADS

An ordinary earth road is one whose foundation and
wearing surface are composed of natural soil. Most of our
village roads are earthen roads. It is cheap, casy in

construction and maintenance.

In this present study, the effect of coir geotextile in
the ground is considered with respect to its position and
thereby the effect of thickness of base course is analysed
using the wheel load test facility in test tracks.

8.4.1 Test procedure

In this laboratory test of earthen roads the
sub grade soil consists of ordinary red soil with density
14kN/m3 and the top layer, the base course, is of good
quality red earth (locally known as gravel) with a density o
16kN/m3 was used. The position of reinforcement i
varied in order to study the effect of reinforcement it
reducing the thickness of base course. Reinforcements 21
placed at depths 22cm, 18cm and 9cm below the surfact
as shown in Fig. 8.9. In all the tests the geotextile used
was H2M8 and the rut measurements werc taken &

different points as mentioned in the previous section.
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Fig. 8.9 Position of Reinforcements in various tests

8.4.2 Results and discussion

Fig. 8.10 shows a plot of rut formed at center of the
{est set-up for different positions of reinforcement, One
can observe from figure that the placement of geotextile
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definitely improves the rutting behaviour of the roqq.
Comparing the results of experiments with geotextile
placed at 220mm with that of unreinforced section, we cay
see a substantial reduction in rut depth.

While the unreinforced section showed a rut value of
40.84mm after 400passes, the reinforced section showeq
only 31.8mm even after 1250passes. This indicates the
strength of the system is increased by more than 100% by
introducing the reinforcement.

| Camparison of Rutdepth on Earth Roads
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Nolof Wheet passes

Fig. 8.10 Rut measurements at center in various tests
When the position of reinforcement is changed, (¢
thickness of base course is also varied here. This should
be taken into account while analyzing the results. Whet
we compare the results for tests in which geotextile 5
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placed at 22cm with that in which geotextile placed at
15cm, it is found that the former is giving better results.
This may be due to the fact that thickness of base course
is much higher and the load is initially transmitted in the
stronger base course itself. As the number of passes
increases, the effect of reinforcement comes into action.
This is clearer when we observe the results of the test in
which reinforcements are placed at 9cm depth, Initially
the rut depth is more and then the system became more
stabilized and the rut pattern almost follows that for the
case with geotextile placed at 22cm. One can infer that
placing of geotextile at a position about two times the
width of the wheel can save good amount of base course,
which in turn educe the cost of construction with better

performance.

8.5 TESTS ON CLAY SUBGRADE WITH EARTHEN
ROAD SURFACING

The effect of coir geotextile in roads with red earth
as subgrade was established from the disussions in the
previous sections. But our new constructions and
developments are nowadays concentrating on area near to
marshy lands and hence permanent as well as temporary
road systems became necessary in these regions. In order

{0 verify the advantages of using coir geotextiles in clay
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sugrades, a set of experiment has been conducted with
soft clay as subgrade material.

Field clay from Vyttila, Kochi is brought to the
laboratory for this purpose and its initial engineering
properties were obtained. Table 8.1 shows the engincering

properties of clay used.

Table8.1 Engineering Properties of clay

[ Properties | “Value
Natural Water content 70%
clay size particles 25 |
Silt size particles 35
Liquid limit 84
Plasticity Index 55
Unconfined compressive strength 0.258N/mm?
Maximum dry density 15.3kN/m®
Optimum moisture content (For 245
dried sample)

CBR value 19

A number of CBR tests were also conducted t0
access the strength of clay. The effect of reinforcement 00
CBR was also tested. The results are_tabulated in
Table8.2. The Fig. 8.11 shows the corresponding load
deflection curves.
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Fig. 8.1 Load deflection curves for clay
Table8.2 CBR values
Test CBR value
With soil alone 2.8
With H2m8 3.9
With H2MB 3.6
With Non woven 36
With Non Woven with lining 3.8 %
L 5 |

The clay was filled in 4 layers to get a subgrade of
65cm depth (Fig. 8.12). The density of clay is maintained
as 15.6kN/m? with the natural water content of 89%. The

clay is then allowed to submerged under water for two

days and over that red earth is placed at a dry density of
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15kN/m?. The test set up is shown in Fig. 8.13. The rut
was measured at various number of passes of the wheel

r all cases with and without geotextiles at positions as
shown in Fig. 8.14.

Fig. 8.13 Test set up
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Fig. 8.14 Positions of rut measurement
Fig. 8.15 shows the variation of rut along the central
cross section for the control section for different number of
wheel passes. It can be observed that, after the first 50
passes itself the rut depth became excessive. After 500
passes it was observed that the rut became more or less
constant and hence the system may become stable under
that load.
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Fig. 8.15 Transverse rut profile for control section
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Fig.8.16 Variation of rut depth with number of wheel passes
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From Fig. 8.16 it can be clearly observed that the
introduction of a layer of geotextile over the subgrade
reduces the rut considerably. There is a reduction in rut of
around 40% in the initial stage of loading itself and the
trend continues till the end. H2M8 and non-woven with
lining showed better performance due to higher strength.
Fig. 8.17 shows. the variation of rut depth along the
central transverse section for different types of geotextile

after 400 wheel passes.

—e—initial
—&—control
o Hame
—>—Hawe
=N
—e—NwL

Rutin mm

Fig. 8.17 Rut depth along the Central cross section after 400 passes
8.6 CONCLUSION

From the above discussions, one can observe that
wheel load tests simulate the field conditions in a better
Way to understand the behaviour of the pavement. It is

having the advantage that more controlled measurements.
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of rut is possible when we simulate the system in the

laboratory.

From the studies using geotextiles it is observed
that there is a remarkable reduction in rut depth at all
loads stages. It can also observe that after attaining a
stable position, the rut depth is not much increasing
further. This is true in both reinforced and unreinforced
cases. This fact is very important as far as a biodegradable
geotextile is concerned. Once the pavement system
stabilized under a load, the further repetition of the load
will not cause much effect on the rut and the system can
be thought of more or less independent of the strength of
the geotextile below it. This advocates for the safe use of

biodegradable coir geotextiles in pavements.
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DESIGN OF COIR REINFORCED
UNPAVED ROADS

9.1 INTRODUCTION

The widespread acceptance of geotextiles for use in
engineering designs has led to a proliferation of geotextile
manufacturers and a multitude of geofabrics, each with
different engineering characteristics from which to choose.
The design guidelines and methodology that follow help
you select the right geofabric to meet your construction

requirements.

The majority of the proposed design technique for
temporary roads relay on the bearing capacity theory. In
general, most techniques asses the vertical pressure
acting on the subgrade by considering the stress
distribution of the wheel load through the base aggregate.

The addition of a geosynthetic serves to reduce the vertical
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stress acting on the subgrade. The method used to
account for this reduction in vertical stress is the main
distinguishing point between various methods proposed.
This stress reduction allows a base course thickness to be
selected which limits the vertical stress on the subgrade to
a level that does not exceed the subgrade’s bearing
capacity. Empirical equations are used to relate
accumulated rut depth to vehicle load magnitude and
traffic passes.

Among the different approaches, one proposed by
Giroud and Noiray in 1981 is popular and is presented in

the following section.
9.2 GIROUD AND NOIRAY APPROACH

The equivalent contact area of a wheel on the road
surface is taken as width B and length L. In terms of axial
load P, tyre pressure Piand the the type of vehicle, we can
obtain these dimensions as shown below (Fig. 9.1):

(i) For Normal highway vehicles including lorries:
B = (P/PY°5 and L= 0.707B

(ii) For Heavy vehicles with wide or double tyres:
B = (1.414P/P)°S and L= 0.5B
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subgrades

The magnitude of Po, ie., the stress applied to the
subgrade formation by the axle can be related to the axle
load and the contact area can be determined as
(1)

where o is the angle of dispersion for the tyre

Po=P/{2(B+2htana)(L+2htana)} .

pressure. As the analysis is not very sensitive, to the exact
value of , and studies indicate that tana lies between 0.5
and 0.7, tana can me taken as 0.6. This reduces the above

equation as

Po=P/{2(B+1.2h)(L+1.2h)} ... (2)

By applying bearing capacity theories, Giroud and
Noiray suggested a value of P, may be limited to nC where
Cu is the undrained cohesion of the underlaying soil
Applying this, the equation (1) becomes

7Cu=P/{2(B+1.2h)(L+1.2h)} ......vcvvv.(3)
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From this The value of h can be obtained,
knowing axial load P, tyre Pressure P; and the undrained
shear strength of the formation. This thickness can be
taken as h, which is the minimum depth of aggregate
required for one pass of the axle, without the presence of a
geotextile, This value remains valid for number of passcs
upto 20, The aggregate depth must be increased for
heavier traffic as shown below:

ho = [ (125 log N = 294 (r- 0.075)}/ Cu®®...........[4)

where, N is the number of passes of a standard axle
(80 kN)

ris the rut depth in m
Cu is the undrained soil cohesion in N/m?
ho is the aggregate depth in m

An appropriate equation for the conversion of axle
loads can be taken as

N/N’ =(P’/P)62

..(5)

where, N’ is the number of passes other than
standard axle load and P’ is the axle load different from
standard one.

Assuming that geosynthetic deformed in a parabolic
shape, Giroud and Noiray derived an expression for the
geosynthetic uplift force (Fy as shown below:
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F=WE[1+(a/28)9)]°%)/a -(6)
where, J is the tensile stiffness of the geosynthetic

E is the geosynthetic strain
a=0.5(B+ 1.2 h) and
S is the settlement beneath the tyre.

This force Fy reduces the load P. Confinement of the
subgrade soil by a geotextile controls the local shear,
enabling the design to be based on the plastic (or ultimate)
bearing capacity. The openings in the geotextiles are
sufficiently small to guarantee this confining effect. Hence
we can use the limiting stress in terms of plastic bearing
capacity as Po = (x + 2 )Cu . Also from studies it is found
that the value of tana increases from the standard value
0.6 to between 0.8 and 1.0, if the contamination of the
aggregate is ignored. Considering these, the equation (1)

can be written as

(x +2)Cu =P/ 2(B+2h tana)(L+2h tana)} - JE /{a
[1+ (af 28))] 08 cevvenna(7)
Further, the works by Giroud et al. (1988) showed

that the benefit from the geotextile uplift force is negligible
when the rut depth is 75mm or less and a reduction of
10% or less in road base is obtained when the rut depth is

150mm. This suggests the confining. Due to the confining
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effect, the equation (3 ) can be re written for ultimate
bearing capacity as

(7+2)Cu = P/ {2(B+1.2hc)(L+1.2ha)} .8

where hg is the required fill depth with a geotextile.
Hence the saving in aggregate depth due to the presence of

geotextile (Ah) is given by

Ah =ho-hg ... (9)

Up to this point in the geotextile-design process, we
have been concerned with general design properties for
designing unpaved aggregate roads. We must decide which

geotextile fabric best meets our project requirements
9.3 DEVELOPMENT OF DESIGN CHARTS

For synthetic types of reinforcements, design charts
are available to calculate subgrade thickness using
different methods. Laboratory method of design is one
among them in which CBR values are used (Koerner,
2005)

A laboratory method of designing the reinforced
unpaved roads is developed for coir getextile reinforced
roads using the lage number of CBR test results obtained
from the study. The ratio of loads at each deflection i
calculated using CBR vlues of reinforced and unreinforced
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and unsoaked conditions and Charts are obtained as
shown in Fig. 9.2 and 9.3. These Charts can be used to
get reinforcement ratios to predict the reinforced CBR and
hence the modified thickness of unpaved roads.

CLAY UNSOAKED

Reinforcement Ratio

o
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9.4 CBR PREDICTION MODEL
In India the thickness of flexible pavement is

designed on the basis of projected number of standard
axle loads during the design life, which is obtained using
the current commercial vehicles per day and its growth
rate, along with the subgrade strength in terms of CBR. In
rural roads, the top 30cm of the cutting or embankment at
the formation level shall be considered as depth of
subgrade (IRC: SP: 20-2002).

From the results of the detailed laboratory
investigations on the strength behaviour of coir geotextile
reinforced subgrade soil, it could be seen that the strength
in terms of the CBR of the soil would increase
considerably with the positions of geotextile. Also, the
strength mobilization is dependent on many factors like
the inherent strength properties of the soil and also the
strength and the placement depth of the geotextile
reinforcement. Hence it is advantageous to develop a

model to predict the modified CBR of the reinforced
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subgrade, which would respond to the changes in the
properties of the soil and that of the reinforcement. This
can be achieved through the principles of multiple lincar
regression analysis (Babu, 2007). The model thus
developed can be effectively used for the design of coir

reinforced unpaved roads. Thus,

Modified CBR = / (Soil characteristics, Reinforcement

characteristics, Placement depth) (10)

The most important property of the subgrade soil
considered for the design of pavement is the CBR value.
Hence original CBR for the remoulded soil at OMC and
MDD is taken as a property representing the strength of
the soil. The different properties of coir reinforcement
considered are those which can be evaluated in the
laboratory or supplied by the manufacturers viz.
mass/unit area, puncturc resistance, strip tensile
strength, wide tensile strength, secant modulus and mesh
size (picks/dm and ends/dm). CBR tests were conducted

by placing coir geotextiles at three depths - H/2, H/3 and
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H/4, where H is the height of the specimen for CBR test
and these heights were taken as the placement
characteristics of the geotextile. Linear regression analysis
was done using SPSS software, using the laboratory test

data obtained.

CBRu = 0.550 + 1.249 CBR - 0.363 D + 0,156 05 (1)
(R? = 0.936)
where,
CBRy = Modified CBR in % (reinforced condition),

CBR = Original CBR in % (unreinforced condition),

D = Depth of coir geotextiles from surface, and
s = Strip Tensile Strength of Coir geotextile in
kN/m

This equation is recommended for the prediction of
the modified CBR for design of coir geotextile reinforced
unpaved roads. The linear scatter diagram using this

equation is shown in Fig.9.4
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Fig.9.4 Linear scatter diagram for the CBR prediction model

9.5 IRC METHOD

Indian Roads Congress first brought out a guideline
for designing flexible pavements in 1970, which was based
on empirical method, where the thickness of the pavement
was read against the CBR value of the subgrade soil from
the design charts. The guidelines were revised in 1984,
where traffic was expressed in terms of cumulative
standard axle loads. The present design method (IRC: 37 -

2001) is based on the mechanistic pavement design
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principles, which are evolved from theoretical, laboratory
and road performance studies. Design curves and plates
are made available corresponding to the CBR of the soil
and traffic conditions (Fig.9.5). For the design of rural
roads, the design charts are prepared for low traffic

volumes (Fig .9.6)
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95,1 DESIGN STEPS

In order to design the roads reinforced with coir
geotextiles, which are being placed at subgrade sub base
interface, the CBR of the subgrade soil is determined first.
Then the properties of the available coir geotextiles were
evaluated. The modified values of CBR due to the
provision of coir geotextiles are calculated from the design
charts or the regression equation developed in section 9.3
and 9.4. The thickness is read from the graphs given in
IRC: 37 or Rural Roads Manual( Fig 9.5 and Fig 9.6)

952 Design Example (as per IRC: 37 -2001) (Babu, 2007)

Design the pavement for construction of a new by
pass with the following data:

Two lane single carriage way

Initial traffic in the year of completion of
construction = 400CVPD

Traffic growth rate per annum = 7.5%

Design life = 15 years

Vehicle damage factor = 2.5

Design CBR of subgrade soil = 2%

Type of coir geotextile available = Woven (H2M8 and
H2M6) andNW (AGL 100)
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Design:

Distribution factor = 0.75 ( Para 3.3.5 IRC:37-2001)
Cumulative number of Standard axles to be catered

N = {365 x [ (1+ 0.075)15-1] / 0.075 } x{ 400 x 0.75
X 2.5}= 7200000

=7.2 msa

Assuning coir geotextiles are placed at % subgrade
thickness, according to regression analysis, modified CBR

is expressed as
CBRy = 0.550 + 1.249 CBR - 0.363 D + 0.156 0
With H2M8 coir geotextile
CBRy =0.550 +(1.249 x 2) - (0.363 x 3.125) + 0.156 x 17.8
-4.69%
With H2M6 coir geotextile

CBRu = 0.550 + (1.249 x 2) - (0.363 x 3.125) + 0.156
x5=2.7%

With NW coir geotextile
CBRu =1.036 + (1.025 x 2) - (0.215 x 3.125)

=2.4%

The values of total pavement thickness obtained
from Fig. 9.5 (a) for unreinforced and reinforced cases are

as follows:

118



[image: image65.jpg]Design of Coir Reinforced Unpaved Roads

h = 815mm (without geotextile)
= 625mm (with H2M8 coir geotextile)
= 750mm (with H2M6 coir geotextile)

= 765mm (with NW coir geotextile)
9.6 SUMMARY

By making use of the design curves prepared, the
thickness of the unpaved roads can be easily found out.
Again the type of coir geotextiles can be selected based on
the type of soil. In general it was found that by using coir
geotextiles the aggregate thickness could be reduced. The
reduction depends upon the quality of coir geotextile,
properties of soil and placement location of the

reinforcement
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DRAINAGE, INSTALLATION AND
RECOMMENDATIONS

This chapter describes the importance of drainage,

installation procedure for geotextiles in general and coir
geotextiles in particular and also special recommendation

and specification during installation.
10.1 IMPORTANCE OF DRAINAGE

Large percentage of distressed roads is poorly
drained and the presence of water can change the
properties of the construction materials in pavement. The
amount of surface water entering the road section is
usually under estimated. This is especially true in a state
like Kerala where rainy season is expected twice in a year.
Pavements should be designed to minimize the entry of
surface water, and they should be provided with adequate

drains with for removing the water as fast as possible.
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Drains must be highly permeable and remain
unclogged through out it lifetime. The drainage system
must be hydraulically efficient. It requires a course
clement to permit water flow and a filter element to
restrain soil particles from piping. Geotextiles can be
advantageously used as filter protection in this context.
In drainage applications the geotextile act as a filter

element, which prevents the drain system from clogging,

The mechanism of geotextile filtration is similar to
particle / liquid filtration. The geotextile act as a catalyst
to form a stable soil filter cake. In the early life of a drain,
a certain amount of soil fines will pass through the
geotextile. Larger soil particle are retained on it and
behind this a layer of finer particles collect from the
adjacent undisturbed existing soil. Once this filter cake
has been established, no further soil will pass through the
system. While the cake function as a filter, the geotextile
holds it in place preventing it from collapsing into the
draining aggregate.

Considering the mechanism of filtration as above,
the nonwoven coir geotextiles seems to be more
appropriate for the drainage. For the edge drainage
system, a layer of nonwoven wrap around the drainage
‘media or the porous pipe will prevent the clogging of the
side drains.
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When coir geotextile (woven or nonwoven) is used for
the construction of the road surface, provides the surface
drainage in a better way compared to other geosynthetics
due to its high permittivity. The same geotextile can be
used for covering the drainage system depending on the
gradation of the filter media, or, a combination of woven
and non-woven will serve both the purpose of strength
and filtration.

10.2 INSTALLATION OF REINFORCEMENT

Regardless of subgrade strength, the site should
first be cleared of all sharp objects, tree stumps, and large
stones that could puncture the fabric. Unless it is
necessary to achieve final grade, the vegetative mat need
not be removed, because it can provide extra support
during aggregate placement until final compaction. Brush
or cushion layers under the nonwoven fabric are usually
necessary, since the fabric prevents soil fines from
pumping into the aggregate layer.

Geotextiles should be rolled out onto the subgrade
by two people, beginning at a point that allows easy access
for construction equipment, yet is consistent with the
layout plan. On very soft subgrades, the fabric layout and
aggregate placement should begin on the firmest soil on
the site perimeter, as an anchor point. From there the
fabric can be rolled onto softer sections.
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Fabric overlaps and seams should be made as
specified. In windy weather, soil or rocks should be placed
on the fabric to hold it down until aggregate is placed
Ground securing pins are sometimes used in the overlap
sections of the geotextiles.

A compactable, non-moisture sensitive aggregate is
then back dumped onto the fabric beginning on firm soil
at a point just in front of the fabric. This should anchor
the fabric firmly. The aggregate is then spread in one lift to
a thickness greater than that needed for stabilization to
allow for subsequent compaction. If the thickness from
one lift is too great for satisfactory compaction, place more
than one lift.

In any situation, the first lift should be as thick as
necessary to prevent the compaction from overstressing
the subgrade. The bulldozer must blade into the load and
slightly upward during aggregate spreading for the same
reason.

This procedure is followed for each load until the

fabric is completely covered.
The various steps during installation is shown in fig.

10.1
In reinforced soil structures drainage is an
important consideration. If the structure to become
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waterlogged the tensile forces in the reinforcing elements
increase and the properties of the fill and retained fill can
change. The force on the wall can increase and any pore
water pressure can reduce the overburden pressure on the
reinforcements thus reducing pull-out capacity. Water can
enter a structure in two ways .

a. Water can percolate from the upper surface unless
effective sealing details are provided.

b. Ground water can flow into the structure from the
retained ground. This is usually only significant in
cases of structures supporting roads or railways on
sidelong  ground where water can emerge from

the cutting at the uphill side.

In addition it may be necessary to ensure that rain
water falling on the face of the slope does not lead to

washout.
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Fig. 10.1 Construction Sequence
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10.3 SPECIAL RECOMMENDATIONS

The following points should be carefully noted
during construction.

The selection, placing and construction of the
fill should confirm to the general requirements and
classification, definitions and uses of earthwork
mentioned for the specifications for roadwork and the
recommendation of IRC: SP: 20 - 2002 and MoRT&H
specifications. Frictional or cohesive frictional fill and are
casy to compact and also relatively free draining material
is recommended. The earth filling should be having a
minimum dry density of 15 kN/ md. The sequence of
construction of laying geotextiles in general, as follows:

() Prepare a level foundation/ surface in
accordance with the design parameters. Prior to
installation of geotextiles, the subgrade/ slope
should be raked or graded to an even surface,
free of depressions or projections. Obstructions,
which can damage the geotextiles, should be
removed. On sites known to have a desiccated
crust, care should be taken not to rupture the
crust during site preparation and initial filling.

(i)  Erect temporary formwork to the face angle if
needed.
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(iii) Cut and position the base layer of reinforcement
with sufficient allowance at the face for wrap
around and turn back into the fill. The
geotextiles should be laid in a manner to ensure
that it is always in intimate contact with the soil
surface of the slope / subgrade. Proper fixing of
the geotextiles should be done using fixing nails
at 1.0 to 1.5m intervals.

(iv) There should not be any joint of reinforcement in
the traverse direction across the bund. In the
longitudinal direction along the bund, a
minimum overlap of 300mm should be provided
and should be properly fixed using fixing nails at
300mm.

(V)  Special care should be taken while laying the
geotextiles along the curved alignment.

(vi) Care should be taken to see that there is no loss
of fill through the face.

(vil) The fill should be deposited, spread, leveled and
compacted in horizontal layers of appropriate
thickness as described in the standard
specifications for road works and in accordance
with the following recommendations:

(a) The deposition and compaction should be carried
out so that all layers of coir geotextiles are fixed
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at the recommended levels on top of the
compacted fill.

(b) Care should be taken to ensure that the coir
geotextiles are not damaged or displaced. The
programme of filling should be arranged so that
no machines or vehicles run on the geotextile.
The construction traffic should not pass over the
reinforcements before a minimum thickness of
150mm of fill has been placed.

(c) No portion of the geotextiles should be exposed
out.

(vili) Wrap the free end of the reinforcement around

the face of the fill to encapsulate it. Soil inside
the trench for wrapping should be well
compacted to get maximum density.

(i)  Wherever possible the fold back should reach the

x)

toe line.
Anchor the free end of the reinforcement into the
fill with an anchorage length and wherever
possible, connect it to the next layer of
reinforcement, tensioning the face wrap around,

to hold the face tight.

(xi)  Continue the procedure to the full height.
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(xii) Grass seedlings may be placed after installation
along the sloping sides, wﬂn"mm of the
geotextiles is exposed out.

10.4 Maintenance:

For the maintenance of the r-m,mu.whiom

provided in the IRC: SP: 20 - 2002, Chapter 11 should be
followed. x ;
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SUMMARY

The following points in connection with use of coir
geotextile to aid in support of traffic loads is established.

« Base (or Sub base) Reinforcement - the use of a coir
geotextile as a tensile element at the bottom of a
base (or sub base) or within a base course to:

1. Improve the service life, and/or
2. Obtain equivalent performance with a reduced
structural section.
Base reinforcement is applicable for the support of
vehicular traffic over the life of the pavement and is
designed to address the pavement distress mode of
permanent surface deformation or rutting

* Sub grade Restraint - the use of a geosynthetic at
the subgrade/subbase or subgrade/base interface
to increase the support of construction equipment
over a weak or low strength subgrade.
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The primary result of this application is increased
bearing capacity. Lateral restraint and/or tension
membrane effects may also contribute to load-carrying
capacity. Subgrade restraint is the reinforcing component

of stabilization.

« The following benefits of using coir geotextile in
unpaved roadways are identified:

1. Reducing the intensity of stress on the subgrade
(function: separation).

2. Preventing subgrade fines from pumping into the
base (function: filtration).

3. Preventing contamination of the base materials
allowing more open-graded, free draining
aggregates to be considered in the design
(function: filtration).

4. Reducing the depth of excavation required for the
removal of unsuitable subgrade materials
(function: separation and reinforcement).

5. Reducing the thickness of aggregate required to
stabilize the subgrade (function: separation and
reinforcement).

6. Minimizing disturbance of the subgrade during
construction (function: separation and

reinforcement).
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7. Assisting the increase in subgrade strength over
time (function: filtration).
8. Minimizing the differential settlement of the
roadway, which helps maintain
9. pavement integrity and uniformity (function:
reinforcement).
10.  Minimizing maintenance and extending the
life of the pavement (functions: all).
Analysing the unpaved road behaviour under
moving traffic loads, one can observe that wheel
load tests simulate the field conditions in a better
way to understand the behaviour of the pavement. It
is having the advantage that more controlled
measurements of rut is possible when we simulate
the system in the laboratory.

From the studies using geotextiles it is observed
that there is a remarkable reduction in rut depth at
all load stages. It can also observe that after
attaining a stable position, the rut depth is not
much increasing further. This is true in both
reinforced and unreinforced cases. This fact is very
important as far as a biodegradable geotextile is
concerned. Once the pavement system stabilized
under a load, the further repetition of the load will
not cause much effect on the rut and the system
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can be thought of more or less independent of the
strength of the geotextile below it. This advocates for
the safe use of biodegradable coir geotextiles in
‘pavements. ¥ :
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