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ZEE;?ZS:;]Z”IA‘;;EV” Geosynthetics are human made material used to reinforce soils to improve the bearing
University, Manesar 122413, capacity and permeability of the soil, reducing soil settlement. Geosynthetics appli-
Gurgaon, India cation plays a vital role in the highways constructions with no additive layers, such
IFSU;‘V';S‘L?':‘;EQE;'gzodrzfattgoe” as cement concrete, asphalt concrete, or in a subgrade layer that affects the bearing
article capacity of unbounded layers. This paper presents the geosynthetics as a tensional

material that has been used for reinforcement of clayey soil. Laboratory California
bearing ratio (CBR) test samples were prepared with clayey soils. Clayey soil containing
unreinforced soil and reinforced soil. The sample comprised thermally bonded nonwo-
ven geotextiles (NW) and superior needle-punched nonwoven geotextiles (SNW) with
different characteristics (NW 8, 10, 21, 30 and SNW 14, 25, 62, 75) with three-layered,
based on the sample materials to perform defined tests. These tests show that, bearing
ratio of reinforced soils with thermally bonded nonwoven geotextiles increases.
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Introduction

In ancient times, significant developments in structural engineering have only been
possible because of parallel developments in construction materials’ technology. An
immense and further elaborate structure became possible as it went from using wood
to building stone to concrete to reinforced concrete and recently to prestressed rein-
forced concrete. The steel development accredits the longer span bridges construction
and taller buildings than were possible using wrought iron. However, geotechnical mate-
rials are soil and rock; it is hard to expect similar parallel developments in geotechni-
cal constructions. Ground improvement techniques for soil improvement occurred
mainly because of actions in construction equipment by manufacturers and contractors.
In direct relation with reinforced concrete, steel, and polymer materials, impart tensile
resistance, and soils’ stability but have low to no tensile strength [1].

Polymeric reinforcement materials are the recent developments in civil engineer-
ing materials: geosynthetics. Geosynthetics are planar products manufactured from
the synthetic (polymeric material) used in various fields such as geotechnical, land-
fill, transportation, and hydraulics. Geosynthetic with higher tensile strength is
used as a reinforcement material in soils to improve the performance of civil engi-

neering applications. Geosynthetic material acting as reinforcement and resisting
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applied stresses or preventing unacceptable deformations in reinforced geotechnical
structures. In this process, geosynthetic fabric serves as a tensioned member of the
composite material. It restrains tensile deformations by mobilizing tensile load in
geosynthetic and resists the soil from sliding by providing bond resistance, adhesion,
interlocking, or confinement and thus maintains the stability of the soil mass [2].

In recent decades, high volume traffic pavements transfer their traffic load on
asphalt or concrete treated surface over a base course layer and distribute the traffic
load on the subgrade. When the subgrade soil is soft or not capable of withstand-
ing adequate traffic loads for an extended period due to environmental pressures
or either traffic, it results in deformation in the pavement [3]. In such situations,
geosynthetics can be utilized to improve the performance of the unpaved road by
increasing the lifetime and minimizing the maintenance cost and reducing the thick-
ness of the road.

Geosynthetics with high tensile strength used in soft soil are useful in designing
several civil engineering projects. The use of reinforcements will provide additional
shear stress in the soil mass through the tensile force in the reinforcement, which
will increase the strength of soil-reinforcement mass, and hence reduce the hori-
zontal deformations, and thereby increasing the overall stability of the soil structure
such as roads, retaining walls, embankment, and slope.

The primary usage of unpaved roads is economical for low traffic volume and
access to highways [4]. Generally, in a developing country, the rural roads connect-
ing agricultural villages are main in improving the rural economy. When these types
of roads with soft soil are built, there will be a possibility for massive deformation to
happen, which triggers the maintain cost and results in interruption of traffic service
[5]. Applications of geosynthetics as a reinforcement to improve soft soil is currently
a popular method. The high tensile strength of geosynthetics and soil interaction
plays a significant role in improving the soil. With varying fine content within the
sand can alter the interface behavior between soil and geosynthetics. Shrinking and
swelling movement is the result of the irregular road surface and road deteriora-
tion. In such situations, geosynthetics can be used to improve the performance of
unpaved roads by increasing the lifetime; these results in minimizing the mainte-
nance cost as well as reducing the thickness of unpaved roads [6].

Several design concepts for paved and unpaved roads based on CBR value are
available in the literature. Many researchers have studied substantial experimental
and analytical research work relating to geosynthetic interfaced soil/aggregate (e.g.,
[7-10]).

Large-scale laboratory tests and full-scale Insitu tests [5, 11, 12] are carried out
to determine unpaved roads’ performance. CBR tests are conducted by introducing
geotextiles and geogrid in granular soil [13]. Further, geotextile, geogrid, and geon-
et’s influence by using the CBR test are investigated in cohesive soil with low com-
pressibility [14, 15] as soft subgrade in unpaved roads. Therefore, in this study, the
effect thermally bonded nonwoven geotextiles (NW) and superior needle-punched
nonwoven geotextiles (SN'W) on clayey soil’s CBR strength is carried out consider-
ing the clay with high compressibility as the soft subgrade.
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Experimental studies

Locally available soil on the campus of NITTTR Bhopal has been used as subgrade
material in the experiments. The soil used is classified as CH (Clay of high plasticity).
The various index properties and compaction properties of soil were evaluated in the
laboratory, which is given in Table 1. The geosynthetics used in the experiments are
thermally bonded nonwoven geotextile’s (NW) and superior needle-punched nonwoven
geotextile’s (SN'W) geotextile’s. The photographs of the NW and SN'W materials used
in the CBR tests are shown in Figs. 1 and 2. A thermally bonded nonwoven geotextile’s
(N'W) and superior needle-punched nonwoven geotextile’s (SN'W) geotextile’s proper-
ties by the GEO NATPET manufacturers are given in Tables 2 and 3.

Sample preparation

All the experiments were performed as per the standard procedure established
by the American Society for Testing and Materials (ASTM 2006). In the present
study, California bearing ratio (CBR) was used for the tests. These tests were con-
ducted based on ASTM D 1883. Also, compaction test was performed on material
according to ASTM D 698. The experimental studies involved a series of CBR tests
that were carried out on reinforced soil systems. For preparing reinforced soil sys-
tems, the reinforcement viz., thermally bonded nonwoven geotextiles, and superior

Table 1 Properties of the clay

Particulars Soil
Colour Red
Specific gravity (G) 2.71

Soil classification CH

Liquid limit (LL) and Plastic limit (PL),% 58 and 25
Plasticity Index (P1), % 33
Optimum moisture content (OMC), % 16
Maximum dry density (MDD), y,, (g/cm?) 151

Fig. 2 Superior needle-punched nonwoven geotextiles
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Table 2 Properties of thermally bonded nonwoven geotextiles (NW series)

Properties NwW 8 NW 10 NW 21 NW 32
Tensile strength, kN/m 8 10 21 32
Elongation at break, % 40-45 40-45 50-55 50-60
CBR, puncture resistance, N 1200 1600 3500 5400
Dynamic cone drop, mm 34 28 15 10
Thickness, mm 1.00 1.15 1.85 2.30
Weight, g/m? 100 120 260 385

Table 3 Properties of superior needle-punched nonwoven geotextiles (SNW series)

Mechanical properties SNW 14 SNW 25 SNW 62 SNW 75
Tensile strength, kN/m 8 14 37 43
Elongation at break-MD, % 40 45 60 60
CBR, puncture resistance, N 1400 2500 6200 7400
Dynamic cone drop, mm 28 18 5 4
Thickness, mm 1.2 1.8 35 4
Weight, g/m? 120 200 500 600

R e S /8 ™

Fig. 3 Preparation of the reinforced soil sample for CBR tes

needle-punched nonwoven geotextiles were placed at the soil layers’ interface. To
understand the effect of mould size on the load-penetration response of reinforced
soil systems, experiments were carried out in the conventional CBR mould of 150 mm
diameter. The height of the mould used in the tests is 175 mm, and that of the collar
is 50 mm. A total of eight experiments were carried out in the mould. The soil used in
the tests was filled in the mould of 175 mm height in 3 equal lifts at standard proctor
density (Fig. 3). To understand the beneficial effect of reinforcement while conducting
CBR tests on reinforced soil systems, the geotextiles viz., thermally bonded nonwo-
ven geotextiles or superior needle-punched nonwoven geotextiles were placed at the
middle of the soil sample and two geotextile layers in distances of one third in the
soil sample. The schematic sketch of the reinforced soil system prepared in the mould
of 150 mm diameter is shown in Fig. 4. The schematic test setup of the CBR test is
shown in Fig. 5.
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Fig. 4 Position of the geotextiles in CBR mould
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Fig. 5 CBR experimental setup and schematic arrangements of sample in mould

Results and discussion
In the present study, clayey soil and two types of thermally bonded nonwoven geotex-
tiles (NW) and superior needle-punched nonwoven geotextiles (SNW) are used for the
study. CBR tests are carried out on unreinforced soil specimens with and without geo-
textiles. Figure 6 illustrates the load-penetration response of the NW soil. The CBR value
of soil increases with the inclusion of NW. When the N'W thickness is increases, the
CBR value of soil is further increases and this increase is substantial at NW-30. It was
also found that preparation of identical soil samples for CBR test beyond NW-21 of geo-
textile’s is not feasible and optimum geotextile’s content was found to be NW-21.
Similarly, the CBR value of soil increase with the inclusion of SNW (Fig. 7). When the
SNW thickness is increases, the CBR value of soil is further increases slightly and opti-
mum geotextile’s content was found to be SNW-62. Beside, SNW geotextile’s is made up
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Fig. 7 Load-penetration response of the SNW soil

of tangled threads of 100% polypropylene, which give it superior strength to stand up to
the stress of construction and installation. SN'W geotextile’s resistant to UV and natural

degradation, providing a long lasting economical product.
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From Fig. 8, it is clear confirms the strength mobilization principle of the NW and
SNW geotextile’s materials in general, which emphasized that the strong mobilization of
reinforcing geotextile’s material very much depends on the range of CBR of soil sample.
The N'W geotextile’s owed to their high tensile strength were effective in strengthening
the soil and the performance of both these reinforcements are in par with each other.
However, NW geotextile’s performance was found to be in par with that of SNW and
unreinforced soil. Also, SNW geotextile’s acts a separator to prevent the intermixing of
the different soil layer types, and as filter to allow the flow of fluids while preventing the
passage of soil particles. SNW geotextile’s offer a cost effective alternative for separation,
filtration and protection applications. Therefore, NW and SNW geotextile’s are practi-
cal tools in the civil engineer’s hands that have proved to solve any types of geotechnical
problems.

The following observation (Table 4) using NW and SNW in soil by three layers con-
firms the geotextile strength mobilization principle in general, which emphasized
that the strong mobilization of reinforcing geotextile material very much depends
on the range of CBR of soil sample. The NW soil sample CBR the more effective the
strength mobilization effects of geotextile material in general. When the N'W thickness
is increases, the CBR value of soil is further increases and this increase is substantial
at NW-30. This may be due to the fact that reinforcing elements interact with soil par-
ticles mechanically through surface friction and by interlocking. The function of the
bond is to transfer the stress from the soil to the reinforcing elements by mobilizing
the tensile strength of reinforcing elements which results into decrease in tensile strain
and improvement in load carrying capacity of reinforced soil. Therefore, it can be con-
cluded that addition of NW and SN'W geotextile’s sheet in soil improves its load carrying
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Fig. 8 Load-penetration response of the NW, SNW and unreinforced soil
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Table 4 Comparison of various geotextile’s with unreinforced soil

Parameters For 2.5 mm, For 5 mm,
CBR, % CBR, %

SNW 14 16 15.7
SNW 25 182 16.1
SNW 62 20 17
SNW 75 21 18

NW 8 19 18

NW 10 215 19.7
NW 21 27 25

NW 30 29 28
Unreinforced soil 19 18

capacity and reduce the value of immediate settlement. With the availability of a variety
of products with different characteristics, the design engineer needs to be aware of the
application possibilities and, more specifically, why he is using the geotextile and the gov-
erning geotextile functional properties to satisfy these functions. The design and selec-
tion of SNW and NW geotextiles based on sound engineering principles will serve both
the user and the industry’s long-term interest. Meantime, SN'W geotextile’s are a thick
filter that offers outstanding performance at minimum weight. Compared to other nee-
dle-punched geotextile’s of similar weight, SN'W provides superior puncture resistance
and is ideal for liner protection, basal geomembrane protection, and coastal protection
applications. Similarly, NW geotextiles are non-woven, needle punched, heat-treated
fabrics designed to offer optimum performance per with high mechanical and hydraulic
properties making them the ideal choice for separation and filtration applications. This
result has been able to show the beneficial functions of thermally bonded nonwoven
geotextiles or superior needle-punched nonwoven geotextiles in various earthen struc-
tures in various applications.

Ultimate bearing capacity

The CBR tests were performed by ASTM D 1883. The penetration resistance load is then
plotted against the penetration depth, and correction is applied for the load penetration
curve. Using corrected value taken from the load penetration curve for 2.54 mm and
5.08 mm penetration, the bearing ratio is estimated by dividing the corrected load by the
corresponding standard load, multiplied by 100.

Black [16] developed a correlation between the ultimate bearing capacity (q,) and the
CBR of cohesive soil. Black recommended that the developed correlation depends on
soil types and method of compaction. The computed values of ultimate bearing capacity
(q,) and unsoaked CBR for the studied soils are presented in Table 5. Black [16] equa-
tion estimates significantly the ultimate bearing capacity especially for the higher CBR
values. The improvement in bearing capacity of soil due to the introduction of NW and
SNW geotextile’s materials. The study indicated that the NW geotextile’s layer between
the soil sub-bases could increase the soft soil subgrade’s bearing capacity. Also, results
indicated that the NW geotextile’s layer increases the load capacity of the pavement lay-
ers. Similarly Sharma et al. [17] proved that the soil bearing capacity improved when
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Table 5 Summary of tests results for geotextile’s with unreinforced soil

Parameters Unsoaked CBR, % qu, (kPa)
Unreinforced soil 19 133
SNW 14 16 11.2
SNW 25 18.2 12.7
SNW 62 20 14.0
SNW 75 21 14.7
NW 8 19 133
NW 10 215 15.1
NW 21 27 189
NW 30 29 203

reinforced by geotextile’s and that better improvements were obtained when the rein-
forcement is placed with a influence depth beyond which no significant improvement

will occur.

Conclusions

California bearing ratio (CBR) tests were carried out in the laboratory and the following

conclusions were arrived at,

1. The inclusion of NW geotextiles materials in soils improves the CBR and therefore
the strength of soils. It implies that geotextile’s-reinforced soils in various earthen
structures will perform better than unreinforced ones and increase load carrying

capacity of soils.

2. Black [16] equation estimates significantly the ultimate bearing capacity especially

for the higher CBR values.

3. Based on the present study it is concluded that the load carrying capacity of soil
increases and amount of immediate settlement decreases when soil is reinforced

with NW and SN'W geotextile’s sheets.

4. SNW geotextile’s offer a cost effective alternative for separation, filtration and pro-

tection applications.
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