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Effect of Polypropylene Fibre on the Strength
Characteristics of the Soils along the Yamuna River
Bank in Delhi City
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Abstract— Soil samples from five different locations in Delhi
city along Yamuna river bank has been taken to assimilate the
spatially varying properties of soil. The direct and shears
strength characteristics of soils are evaluated first. Then after
the effectiveness of fibre inclusions in the strength
characteristics of soils are worked out through a series of shear
test and unconfined compression tests. For this purpose,
polypropylene fibre of 25 mm in length size is used with the soil
samples collected from all five locations. The fibre content was
varied as 0, 0.5, 1.0, 1.5, 2.0 and 2.5% of the dry weight of soil
samples. The strength behaviour of polypropylene fibre
reinforced soil samples were studied using unconfined
compressive strength test and direct shear test respectively. The
results have been interpreted in terms of stress-strain behaviour,
variation of failure strain and stress, effect of fibre content, and
other strength parameters. Based on study results it is
recommended that use of polypropylene fibre in civil
engineering for improving soil properties is advantageous
because it causes significant improvement in the compressive
and shear strengths of the soil.

Index Terms— Shear, Fibre, Random, Polypropylene,
Distribution, Strain, Compression

I. INTRODUCTION

Soil for a geotechnical engineer is the weathered material of
earth’s crust, with or without organic matter. Because of its
universal availability and low cost, it offers great
opportunities for skillful use as an engineering material in
construction work. The discrete particles that make up the soil
are not strongly bonded together. They are free to move
relative to each other, which is responsible for their low
mechanical properties. Soils are strong in compression but
weak in tension. The current practice is to modify the
engineering properties of the native problematic soils to meet
the design specifications. There are many techniques
employed to improve the engineering and mechanical
properties of poor soils.

The techniques employed to improve the properties of soil in
respect of strength and other relevant characteristics of soil
are Soil stabilization. Soil can be stabilized using other
material (e.g. chemical additives, rewetting, soil replacement,
compaction control, moisture control, surcharge loading, and
thermal treatment). All these methods are expensive and do
not last for a long time. Fiber reinforcement is the simplest
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mechanical stabilization processes in which natural or
synthetic materials are introduced in the soil mass in the
direction of stress to enhance the tensile or shear strength.
Reinforcement material generally consists of galvanized or
stainless steel, wood, glass, rubber, polymer, plastic etc. in the
shape of strips, bars, grids, fibres, sheet, rope, piece, etc. In
general mechanical means of soil stabilization are proficient
to reduce permeability and compressibility, improves soil
strength and bearing capacity and enhances its overall
performance at relatively low cost.

Earlier natural (organic) and metallic fibre, wires and sheets;
were used as reinforcement which when exposed to
aggressive environment like humidity, chemicals, gases and
corrosive agents etc. get rusted and decayed rapidly. But with
the introduction of manmade fibres like nylon, propylene and
other forms of organic stable polymers which can withstand
ultra-violet light rays and resistant to acid in industrial
applications, the above deficiencies have greatly been
overcome.

Now a day’s polypropylene (PP) based synthetic fibers and
grids are now preferred due to their availability with desired
properties and durability. Polypropylene is prone to fire and
sun light, water. PP exhibits excellent resistant to abrasion,
chemicals and biological (rot) entities investigated the
micromechanical interaction behaviour between soil particles
and reinforcing PP fibers. They concluded that the interfacial
shear resistance of fiber/soil depends primarily on the
rearrangement resistance of soil particles, effective interface
contact area, fiber surface roughness and soil composition.
Soil improvement mainly results in increase in the shear and
ultimate strength along with enhancement of other
engineering properties e.g. compaction, porosity, capillary
absorption, resistance to weathering, filtration capacity,
durability etc. In this paper we are presenting study result
about the behaviour of soil mass with reference to the strength
parameters using polypropylene fibre in five locations of the
New Delhi city along Yamuna River.

Il. LITERATURE REVIEW:

The capability of synthetic fiber reinforcement for improving
the behavior of soil has been demonstrated by using triaxial
tests, CBR tests, cyclic triaxial tests, resonant-column and
Torsional shear tests (Al-Refeai, 1991; Day et al., 2003;
Olaniyan et al., 2011). These studies indicated that fiber
inclusions increase the ultimate strength, stiffness, CBR,
resistance to liquefaction, and shear modulus and damping of
reinforced soil (Hejazi et al., 2012; Ninov et al., 2007). In
recent years, many studies have been conducted to improve
the engineering characteristics of the soil reinforced with
discrete polypropylene (PP) fibers for use in geotechnical
applications in civil engineering (McGown et al., 1985;
Al-Refeai, 1991; Yetimoglu et al., 2005; Tang et al., 2010 and
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Hejazi et al., 2012. Currently PP fibers are used in soil mass to
resist tensile failure, cracking, shrinkage, biological decay,
acid and alkali attack (Maher and Gray, 1990; Kumar and
Singh, 2008). It is observed that an admix of polypropylene
fibre into soil have significantly improved its engineering
properties (e.g. tensile / compressive / shear strengths,
fracture toughness, durability) applied in retrofitting and
repairing the covering of structures, carpentries stabilizing,
landfill, slope protection, road subgrade etc. (Puppala and
Musenda, 2000; Yetimoglu and Salbas, 2003; Yi et al., 2006;
Consoli et al., 2009). At the same time soils reinforced with
discrete polypropylene fibre have shown considerable
decrease in the stiffness of the soil (hence reduced crack) and
enhanced the self-seaming ability of soils (Li et al., 1995;
Zhang et al., 1998). Moreover, soil reinforced with
polypropylene fibre exhibits greater toughness and ductility,
increases formability and bending strength and lessen loss of
post peak strength, as compared to soil alone (Gray and
Ohashi, 1983; Attom and Tamimi, 2010; Freilich et al., 2010;
Malekzadeh and Bilsel, 2012).

Through the appraisal of the above literature it is understood
that incorporation of PP fibre in soil remarkably improves its
load-deformation behavior through surface friction and
interlocking between soil particles and fibres. However,
studies on application of PP fibre with soil mass are mostly
site specific and there is no established formulation to get
maximum percentage of synthetic PP fiber to be used in soil to
get optimum outcome in terms of soil strength.

The objective of the present study is set to determine the
reinforcing effects of randomly distributed, discrete
polypropylene fibre on the behavior of the soil. The aim
behind is to develop a soil mass with good strength, less
porous, less capillarity so that durability will be increased.
Five samples of soil mass are taken from the plots along the
bank of Yamuna River in the following locations:
Srinivaspuri, Sunhari Masjid, Botanical Garden, Kashmiri
Gate and Nizamuddin as located in the figure 2. The study
focuses on the effect of change of fibre percentage on the
engineering properties of compacted soil. Standard proctor
compactions tests and direct Shear test (DST) and unconfined
compressive strength (UCS) test are to performed to evaluate
the mechanical response of fibre reinforced soil in terms of
strength and penetration resistance.

EDELHI Z>

Figurel: Sampling Location across Yamuna River in
Delhi

I1l. METHODOLOGY

For the present study, PP fibres of diameter 0.25 mm are cut
into pieces of average length of 25 mm and are randomly
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mixed with soil in varying percentages (0, 0.5, 1, 1.5, 2, and
2.5) by dry weight of soil.

Properties of Soil Samples: For all soil samples basic
properties of soil e.g. pH, Organic Matter contents,
determination of amount of N, K, P, Na, K and Mg, and
electrical conductivity were tested These properties mainly
related to the capability of soil for plant growth but these
parameters indirectly affects the engineering properties of soil
and a vivid understanding of these parameters are crucial to
understand the behaviour of engineering properties of soil.
The particle or grain size distribution of soil directly relates to
its strength, permeability, density etc. Using results of sieve
analysis for the particle size distribution, further particle
diameter D10, D30, and D60 which represents a size in mm
such that 10%, 30% and 60% of particles respectively are
finer than that size and uniformity coefficient (Cu = D60 /
D10) and coefficient of curvature (Cc = D?3/Dgo X D,o) can be
evaluated for the soil samples. Index properties of soil
samples specific gravity, consistency limit (atterberg Limits),
optimum moisture content, maximum and minimum dry
density and shear parameters, were all determined in the
laboratory according to the national criteria for geotechnical
tests detailed in relevant IS codes of practice in India.
Strength Characteristics of Soil Samples

An assessment of the behaviour of soil mass using randomly
distributed PP fibre is made to enhance the stability and safe
functioning of structures through a series unconfined
compression strength test, and Shear strength tests. Shearing
stresses are induced in the soil through loaded structural
members of building and when these stresses reach their
limiting value, deformation starts which leads to failure of the
soil mass. The shear strength of a soil is its resistance to the
deformation caused by the shear stresses acting on the loaded
soil. The shear strength of a soil is one of the most important
characteristics. The shear resistance offered is made up of
three parts: The structural resistance to the soil displacement
caused due to the soil particles getting interlocked; the
frictional resistance at the contact point of particles, and
Cohesion / adhesion between the surfaces of particles. In case
of cohesion less soils, the shear strength is entirely dependent
upon the frictional resistance, while in others it comes from
the internal friction as well as the cohesion. There are several
experiments which are used to determine shear strength such
as Direct Shear Test (DST) or UCS etc.

Direct Shear Test (DST): This is the most common test used
to determine the shear strength of the soil on predetermined
failure surfaces.. It can be defined by Mohr-Coulomb theory
depicted by the equation goes as follows:

T=c + c*tan (¢)

Unconfined Compressive Strength (UCS) Test: This test is
a specific case of triaxial test where the horizontal forces
acting are zero. There is no confining pressure in this test and
the soil sample tested is subjected to vertical loading only.
The specimen used is cylindrical and is loaded till it fails due
to shear. This experiment is used to determine the unconfined
compressive strength of the soil sample which in turn is used
to calculate the unconsolidated, undrained shear strength of
unconfined soil. The unconfined compressive strength (qu) is
the compressive stress at which the unconfined cylindrical
soil sample fails under simple compressive test.

The study focuses on the effect of change of fibre percentage,
with a constant aspect ratio (Ratio of fibre length and
diameter) on the engineering properties of soil samples. At
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first, the different amounts of fibre and soil admixed, and then
a volume of water is added corresponding to the optimum dry
density and mixed uniformly. The fibres length and diameter
are kept constant (25mm and 0.20 mm respectively) for all
soil samples. For a particular percentage of fiber content, the
1/3" of total amount of PP fibres were distributed evenly and
mixed thoroughly with wet soil. After mixing the 1/3rd
amount, another 1/3rd amount were mixed in the same way.
The PP fibres are mixed randomly with soil at (0, 0.5, 1, 1.5,
2, 2.5) percentages of fibre content by dry weight of soil. The
soil fibre mixtures were prepared with static compaction
method at omc for each percentage of fibre corresponding to
maximum dry density.

IV. RESULTS

Properties of Soil Samples: All soil samples are examined for
their basic soil properties, grain size distribution, atterberg
limits and standard proctor test before carrying out specific
engineering tests on the soil samples. For determination of
grain size distribution, the soil was passed through a set of test
sieves having an opening size in mm (according to Indian
standard, 1S: 2720 part (1V), 1975) as follows:- 20, 10, 6.25,
4.75, 2, 1, 0.425, 0.15, 0.075, and 0.002. Since clay particles
are less than 10%, hydrometer analysis was not conducted for
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Standard Proctor Compaction Test: Sunhari Masjid

finer particles. The results of all these tests are given in table 1
for all five locations of study areas. From the grain size 12 ﬂ
distribution curve it is clear that the soils of all five sampling 210 5
locations are sandy in nature. The soils from Srinivaspuri, 2,
Sunhari Masjid and Botanical gardens belong to well graded 2. //
group whereas soils from Nizamuddin and Kashmiri Gate 5“;4 —
locations are poorly graded. Typical values of MDD and s
OMC for the different soil samples are presented in Figure z
3.The increase in OMC is due to increasing amount of fines ° i - - - - - M
which require more water because of larger surface area. Moisture Content (%)

Table 1: Basic properties of Soil Samples (©
S.N/|Attributes Srinivas |Sunhari [BotanicalNizamuddin Kashmiri Direct Shear Test Result: Sunhari Masjid

uri  Magjid |Garden Gate 140

1 |pH 34 14 |83 7.1 7.26 120 i
0 [Electrical Conductivity 897 1152 [623  [509 352 E100 y=0s09x+3 o
3 |Organic Matters % 043 068 (0.7 2.6 3.5 2 80 /
4 [Nitrogen (Kg/Ha) 1609 [1006 [1572  [2003 43562 - /
5 [Phosphorus (kg/Ha) 268  |153 [<10  [16.03  |482 g "
6 |Sodium (mg/100gm) 1056 [33.25 [10.7  |6.12 46.2 g 40 /
7 |Calcium (ppm) 2074 3812 [2606  [1452 5176 & 20 e
3  [Potassium(kg/Ha) 63.8 265 |11 32.0 485 0 ‘ ‘ ‘ ‘ ‘
0 Magnesium (ppm) 78.04 302 P79 |41 396 0 50 100 150 200 250 300
10 [Sand(0475-0.075mm), % 676 |78 802 [826 §3.9 Normal Stress o (kg/om?)
11 [Sit(0.075-0.002mm).% 2946 |14  [148 |38 12 (d)
12 Clay({().()mmm):% 2.04 3 3 3.6 4.1 1 Standard Proctor Compaction Test: Yamuna Bank Near Nizamuddin
13 [Effective size Dyg, mm 0.006 [0.085 [0.015 |0.023 0.035 " e
14 Dy size, mm 008 018 P2z 2ol s . / -
15 |Dgosize, mm 14 08 8 0.58 0.32 T
16 [Uniformity coefficient, Cu 233 94 533 252 6.4 %8
17 |Coefficient of curvature,Cc 0.76  |0.476 |4.03 3.03 1.4 I /
18 [Specific gravity 264 51 266 |65 2.67 26
19 |Optimummoisture content %22.2 |28 128 |11 9.3 ) v
20 Min Drydensity (N/m?) 119 |12 |13.6 |14 149 ’
21 Max Drydensity (RN/m®) [13.8 159 Jl69 179 13.2 % ; ; © e oo o M M 1
The results show that the stress-strain behaviour is PR

considerably improved by incorporating plastic waste into the
soil.
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Direct Shear Test Result: Yamuna Bank near Nizamuddin
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Figure 2: Optimum Moisture Content vs Dry Density and
Normal vs Shear Stress Curves
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Figure 3: Effect of Polypropylene Fibre on Normal and
Shear Load and Strain Variations

V. CONCLUSION

Optimum Moisture content increases in case of fine soils due
to increase in surface areas. Addition of Randomly
Distributed fibres gives better shear strength in case of well
graded samples as compared to poorly graded samples. Shear
strength corresponding to normal stress increases with
increase in percentage of fibres. Polypropylene fibre which is
commonly known as nylon can be used as reinforcing
elements in soils in order to enhance their parameters for
effective use in various civil engineering applications.
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