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Abstract. The performance of flexible pavements are greatly affected by the
type of subgrade, sub-base and base course materials, the most important of the-
se are the properties of soil subgrade, as it serves as the foundation for pavement.
In India, around 8 lakh square kilometer area is covered with poor subgrade soil
covering central, some parts of southern region and along the coastline. The
pavement constructed over such soils will lead to greater thickness requirement
and it will also fail prematurely under heavy wheel load. In order to overcome
such untoward situation some ground improvement technique has to be adopted.
This paper presents the effect of including non-woven polyester geotextile on the
strength behaviour of weak subgrade soil. The geotextile sheets are placed in
single and multiple layers at various depths of soil subgrade and thereby deter-
mination of optimum combination and optimum position of reinforcement based
on the California bearing ratio results are done. Greater improvement in CBR is
observed for soil samples reinforced with geotextile in upper layers of subgrade
as compared to lower ones with a maximum increase of 70% corresponding to
double layer geotextile at 0.2H and 0.4H depth from top of mold. It can be con-
cluded that geotextile sheets can be considered as a good earth reinforcement
material.
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1 Introduction

Roads are vital to link our communities and sustain the economy and quality of life in
society. The overall development of any country cannot be thought off without effec-
tive road network, connecting hills to planes and cities to villages. India has a total
road network of about 60 lakh kilometers of which 80% consists of rural roads.
Around 20% land area is covered with soils having low strength and high expansion
potential. It is nearly impossible to provide stable construction platform over soft or
weak soils. The intermixing of aggregate and fine soil will take place under heavy
traffic load, leading to complete disintegration of pavement. Therefore, reinforced
earth technigque has to be adopted which includes mechanical or granular, chemical
and physical methods. Reinforcing the cohesive soil with geosynthetics is the physical
method of stabilization. One of the most common geosynthetic materials is geotextile.
The World Bank has made it mandatory to use geotextile in construction projects
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funded by it. The improved performance of pavement reinforced with geotextile is
attributed to three mechanisms namely increased bearing capacity, tensioned mem-
brane effect and confinement or lateral restraint. Many studies have been conducted
on use of synthetic fibers [1-25], natural fibers and geotextiles [26-44] on strength
behaviour of both cohesive and cohesionless soils. Several investigations have also
been conducted on use of synthetic geotextiles [45-52] on granular soils, while limited
studies have been found on fine grained soils.

In the present study, effect of non-woven polyester geotextile on the strength be-
haviour of weak subgrade soil is studied. The geotextile sheets are placed in single
and multiple layers at various depths of soil subgrade and heavy compaction and
soaked CBR tests are conducted.

2 Materials

The following section presents the details of materials used in conducting laboratory
investigations and their various properties.

2.1 Soil

The soil used in the present experimental tests is obtained from Meja (25.13°N,
81.98°E), Allahabad, Uttar Pradesh, India. The soil sample is collected by digging
trial pits at 1m below ground surface. The soil is air dried, broken into pieces with a
wooden mallet and sieved through 4.75mm sieve in the laboratory. Table 1 shows the
various physical and mechanical properties of soil. The soil specimen is classified as
clay of intermediate compressibility (CI) as per IS: 1498 (1970). Fig. 1 shows the
grain size distribution curve of soil.

Table 1. Physical and Mechanical Properties of Soil

Soil Properties Value
Specific Gravity 2.71
Grain Size Distribution
(a) Gravel (%) 0.33
(b) Sand (%) 9.10
(c) Silt (%) 67.47
(d) Clay (%) 23.10
Atterberg’s Limits
(a) Liquid Limit (%) 36
(b) Plastic Limit (%) 19
(c) Plasticity Index (%) 17
Soil Classification (ISCS) Clay of Intermediate Compressibility
(en
Water Content (%) 16.82
Free Swell Index (%) 32.54

pH Value 7.55



Optimum Moisture Content (%) 13.60
Maximum Dry Density (KN/m®) 18.80
Soaked CBR (%) 3.85
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Fig. 1. Grain Size Distribution Curve

2.2 Geotextile

A non-woven synthetic polyester geotextile having mass per unit area of 350gsm is
used in the present study. The geotextile supplied by Ocean Non-Woven Pvt. Ltd,
New Delhi is shown in Fig. 2. The various index and strength properties of geotextile
as provided by manufacturer are presented in Table 2.

Fig. 2. Non-Woven Polyester Geotextile




Table 2. Index Properties of Geotextile

Properties Unit Test Standard Value

Type - - Non-Woven

Material - - Polyester
Fibers

Mass Per Unit Area g/m? ASTM D 5261 350

Thickness mm ASTM D 5199 2.9

Breaking Strength KN/m ASTM D 4595 11

Trapezoidal Tear N ASTM D 4533 280

Strength

CBR Puncture Strength N ASTM D 6241 1800

3  Testing Program

The experimental program is carried out in two parts. First, the physical properties of
soil (specific gravity, Atterberg’s limits, ISCS classification etc.) were determined and
then a series of heavy compaction and soaked CBR tests are conducted in the labora-
tory based on the standard methods suggested by relevant parts of Indian Standards
(1S): 2720 for “‘Method of test for soils’. Various positions of geotextile reinforcement
in soil subgrade are presented in Fig. 3. The term H signifies the total depth of soil in
testing mold which is 12.73cm in both CBR and compaction test.
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Fig. 3. Position of Geotextile Layer in Soil



4 Results and Discussions

4.1 Heavy Compaction

The results of optimum moisture content and maximum dry density of soil sample
reinforced with and without geotextile are shown in Table 3. Increase in MDD corre-
sponding to single and double layer reinforcement as compared to virgin soil speci-
men is observed. The MDD for unreinforced soil is 18.60KN/m® which increases to
19.40KN/m?®, 18.61KN/m°, 19.44KN/m* and 19.37KN/m?, respectively, for single
layer of geotextile at 0.2H, 0.4H, 0.6H and 0.8H depth from top of mold. These value
further changes to 18.72KN/m?, 19.09KN/m?, 18.69KN/m?* and 18.66KN/m? for dou-
ble layer of geotextile at 0.2H & 0.4H, 0.2H & 0.6H, 0.4H & 0.6H and 0.6H & 0.8H
depths respectively. Reduction in MDD is observed for triple and four layer rein-
forcement which is even below the virgin soil with a minimum value of 18.38KN/m?
and 18.31KN/m? respectively. The OMC results shows irregular trend, however for
most of the cases with increase in MDD reduction in OMC is observed and vice-
versa. This increase in MDD for single and double layer reinforcement condition is
due to greater compactness achieved with geotextile layers resulting in reduction of
voids. However, with further increase in number of geotextile layers this effect is
overcome by lower specific gravity of polyester geotextiles as compared to soil as a
result of which reduction in MDD is observed.

Table 3. OMC-MDD Values of Soil Reinforced with Non-Woven Geotextile

Depth of Geotextile from Top of Mold Experimental Value

oMC MDD

(%) (KN/m®)
Unreinforced Soil 13.60 18.60
0.2H 13.20 19.40
0.4H 13.30 18.61
0.6H 13.30 19.44
0.8H 12.90 19.37
0.2H and 0.4H 12.80 18.72
0.2H and 0.6H 14.15 19.09
0.4H and 0.6H 13.02 18.69
0.6H and 0.8H 13.20 18.66
0.2H, 0.4H and 0.6H 13.90 18.50
0.2H, 0.4H and 0.8H 13.80 19.20
0.2H, 0.6H and 0.8H 14.10 18.38
0.4H, 0.6H and 0.8H 13.10 18.52
0.2H, 0.4H, 0.6H and 0.8H 13.80 18.31

4.2 Soaked CBR

The California bearing ratio test results of soil reinforced with and without geotextile
in various layers are presented in Table 4. The CBR for unreinforced soil is 3.85%
which increases to 6.32%, 4.18%. 4.28% and 6.09%, respectively, for single layer of
geotextile at 0.2H, 0.4H, 0.6H and 0.8H depth from top of mold. These value further



increase to 6.55%, 5.28%, 5.93% and 5.85% for double of geotextile at 0.2H & 0.4H,
0.2H & 0.6H, 0.4H & 0.6H and 0.6H & 0.8H depths respectively. Reduction in
strength improvement is observed for triple and four layer reinforced cases as com-
pared to single and double layers. The CBR is 4.25%, 4.85%, 3.56% and 4.57%, re-
spectively, for triple layer of geotextile at 0.2H, 0.4H & 0.6H; 0.2H, 0.4H & 0.8H;
0.2H, 0.6H & 0.8H and 0.4H, 0.6H & 0.8H depths from top of soil sample. The CBR
further decreases to 4.32% for four layer reinforcement. Greater improvement in CBR
is observed when geotextile sheets are placed in upper layers of soil subgrade as com-
pared to lower ones. This is because for tensile strength of fabric to come into action
certain amount of deformation is required in soil and this will always be more in up-
per layers of subgrade due to greater traffic load intensity as compared to lower lay-
ers.
Table 4. CBR Values of Soil Reinforced with Non-Woven Geotextile

Depth of Geotextile from Top of Mold CBR (%)
Unreinforced Soil 3.85
0.2H 6.32
0.4H 4.18
0.6H 4.28
0.8H 6.09
0.2H and 0.4H 6.55
0.2H and 0.6H 5.28
0.4H and 0.6H 5.93
0.6H and 0.8H 5.85
0.2H, 0.4H and 0.6H 4.25
0.2H, 0.4H and 0.8H 4.85
0.2H, 0.6H and 0.8H 3.56
0.4H, 0.6H and 0.8H 4,57
0.2H, 0.4H, 0.6H and 0.8H 4.32

5 Conclusions

Based on the experiments performed in laboratory to study the effect of non-woven
polyester geotextile on the strength behaviour of poor subgrade soil, the following
conclusions are made. As the number of geotextile reinforcing layer increases, reduc-
tion in dry density is observed due to lower unit weight of polyester geotextile. The
MDD for reinforced soil ranges from 19.44KN/m? to 18.31KN/m?. No fixed pattern is
reported in OMC values but for majority of cases OMC decreases with increase in
MDD and vice-versa. The range of OMC for reinforced soil is 12.90% to 14.15%.
Maximum CBR of 6.32% and 6.55% is reported for single and double layer rein-
forcement when geotextile is placed at shallow depth of subgrade as against 3.85%
for unreinforced soil. This is due to greater resistance to penetration of plunger in
upper layers offered by geotextiles. With further increase in number of geotextile
layers, reduction in CBR is observed. This is due to loss of integrity in soil system
due to separation of soil layers completely from each other resulting in formation of
more void spaces causing strength reduction. Double layer geotextile at 0.2H & 0.4H
depth from top of specimen is found to be the most optimum position of reinforce-



ment when analyzed on the basis of reduction in thickness and cost of pavement and
improvement in CBR. Thus it can be concluded that use of non-woven geotextile in
pavement subgrade results in economical pavement design with reduced structural
section, saving costly base and sub-base aggregate materials and reducing frequent
maintenance requirements.

These conclusions can be used effectively in locations where locally available soil
has very low strength and Civil Engineering structures such as pavement and em-
bankment has to be constructed over it. The need for removal and replacement of soil
will get eliminated and huge benefits in terms of aggregate saving and environmental
protection caused by reduction in aggregate transportation, diesel consumption, noise
and air pollution will occur.
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