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Abstract— Water retaining structures are of great
importance now a day because of the scarcity of water. In order
to avoid the mixing of salt water from lake into the fresh river
water some temporary water retaining structures are
constructed across the river during summer season in some
regions. The stability of these structures is thus very important.
One of the main causes of failure of water retaining structure is
piping failure. Here, in this study the possibility of using natural
fibres for reducing the seepage velocity and piping failure of
plain laterite soil is investigated. Seepage flow of water is in the
upward direction and it induces reduction in effective stress and
finally piping failure to soil. The ability of soil to resist piping
failure is termed as piping resistance of soil. Thus here the study
is conducted to know how the ability of soil to resist piping
failure is improved, while natural fibre such as coir fibre is
mixed randomly with soil. For quantifying the piping resistance
of coir fibre mixed soil, critical hydraulic gradient is found out
experimentally. Critical hydraulic gradient is the hydraulic
gradient at piping failure. Different soil samples from
Thiruvananthapuram city are examined. Along with
experimental method an Artificial Neural Network is used for
predicting the critical hydraulic gradient. Artificial Neural
Network is modeled using MATLAB software.
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.  INTRODUCTION

There is a great importance for controlling piping failure in
water shed management system. When flows through the soil
in the upward direction, the effective stress of soil get
reduced. As the seepage flow of water increases in the
upward direction effective stress of soil decreases and finally
becomes zero. This condition is termed as quick sand
condition. Seepage force acts in the direction of flow,
opposing the piping resistance. Thus at zero effective stress
piping resistance will be negligible. The head of water above
the soil which causes quick sand condition or piping failure is
called critical head. Above that head the structure fails. One
of the main problem related with piping failure is that , there
will be no proper external evidence that it is being taking
place. It occurs suddenly with the formation of some bubbles.
Piping failure starts when the hydraulic gradient exceeds the
critical hydraulic gradient. During floods the head of water
increases suddenly and there by pressure of water also
increases and piping failure occurs. In order to prevent piping
failure , commonly various methods like impermeable
blankets and cut off walls ...etc...are used to lower the head
of water.  If there is another way to prevent piping failure
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without decreasing the head of water, then it will be more
adventitious. In order prevent piping failure without reducing
head of water ,the soil should have great piping resistance.
For that purpose some external material is to be used. Inter
mixing of fibres with soil is a good approach Fibers are
mainly of two types: natural and artificial. Both of these have
advantages and some disadvantages. When artificial fibres or
synthetic fibres are used for intermixing with soil, the soil
will get polluted and the removal of these randomly mixed
fibres will be difficult. Thus natural fibres are preferred.
There are many types of natural fibers available all over the
world. Here it is studying that whether piping resistance of
soil is improved by intermixing with locally available natural
fibres.

Coir fibre is the fibre derived from coconut. It is
abundantly available in Kerala. [G L Sivakumar Babu, 2008]
says coir fibre has high amount of lignin content (about 46%)
it is stronger than other natural materials such as jute or
cotton. Various studies were conducted by various
researchers in coir geotextiles. [ Lekha,2004] studies shows
that coir geotextile id a good filter material and reinforcing
media for saturated clay dykes in low lying area.
Manufacturing of coir geotextile from coir fibre is done by a
no of process. Hence the use of raw coir fibre randomly
mixed in soil is studied here. [Sobha I, 2016] conducted
seepage analysis on a number of samples of laterite soil
collected from various areas of Thiruvananthapuram city and
found out the critical hydraulic gradient of each sample. [G L
Sivakumar Babu, 2008] conducted experimental study on
sandy soil and red soil mixed with coir fibre. The study was
conducted with three length of coir fibre and found that
seepage was less in sample mixed with 50 mm long coir
fibre.

Here in this study twenty numbers of samples were
collected from various locations of Thiruvananthapuram city
and mixed with 50 mm long coir fibre and seepage analysis is
done to compare and study the change in critical hydraulic
gradient of plain soil and coir fibre mixed soil. In this study
for predicting critical hydraulic gradient of coir fibre mixed
soil, an artificial neural network with feed forward back
propagation algorithm is used. Critical hydraulic gradient is
correlated with density, moisture content, and percentage of
gravel, sand , silt and clay, and coir fibre of coir fibre mixed
soil.
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A. Obijective of the Study Table. 2 : Samples and their properties
. . . . .. field
. To.flnd Whethe_r mixing of coir fibre increases the piping sample | Specific | density soil water
resistance of soil. No Gravity (g/cm?®) Classification Content
e To find the relatlons_hlp petween index properties of §0|I 1 23 177 Medium sand 9
and percentage coir fibre used to improve piping i §
resistance. 2 2.23 1.6 Medium san 10.2
e To compare the relative improvement in piping 3 2.1 15 Coarse sand 7.4
resistance of coir fibre mixed soil in various loctions. 4 256 16 Fine sand 43
. Tq Fievelop an gruﬁugl neural _net_work model to predict 5 29 160 Medium sand 7
critical hydraulic gradient of coir fibre mixed soil.
6 2.5 1.8 Coarse sand 15.41
I MATERIALS AND METHODOLOGY 7 2.4 1.53 Medium sand 15.6
B. MATERIALS 8 241 2 Medium sand 7.2
1) Laterite soil 9 2.4 1.8 Medium sand 3.2
Laterite soil samples were collected from twenty locations 10 2.21 2.3 Medium sand 13.6
of Thlruva_nanthapu.ram Clt.y. Table 1’ shows the samples of 1 2a1 1.49 Medium sand 291
laterite soil and their locations.
12 2.37 1.8 Medium sand 9.1
Table. 1: Samples and their locations
13 241 1.89 Coarse sand 20.2
Sample No Place Loction 14 2.02 154 | Medium sand 9.2
1 Kattaikkonam N 8.55691, E 76.9636 15 278 18 Medium sand 287
2 kazhakkoottam N 8.57103, E 76.86633 16 246 1.83 Medium sand 5
3 Chanthavila N 8.59182, E 76.88506 . 297 164 Medium sand 16
4 Pothencode N 8.61946, E 76.89872 18 25 1.23 Coarse sand 20
5 Andoorkkonam N 8.60088, E 76.87497 19 219 168 Coarse sand 16
6 M thal N 8.56155, E 76.9427 i
Annantha’a 20 2.21 1.54 Medium sand 4
7 Nalanchira N 8.53924, E 76.94799
8 Attingal N 8.69503, E 76.81788 Table . 3: Maximum dry density and Optimum moisture content of some
samples
9 Kadakkavoor N 8.68322, E 76.77103 Maximum
10 Sreevaraham N 8.47762, E 76.94198 Sample Dry density
No OMC (g/cm®)
11 Neyyattinkara N 8.40164, E 77.08711
: 4 15 1.81
12 Poojappura N 8.49161, E 76.9787
10 16 1.84
13 Pangode N 8.50384, E 76.98302
20 14 1.98
14 Peroorkkada N 8.54207, E 76.96535
15 Palayam N 8.50276, E 76.9513 ‘Fig 1° shows the particle size distribution of sample 20 and
16 Chirayinkil N 8.66319, E 76.79236 ‘Fig 2’shows the compaction curve of sample20.
17 Varkkala N 8.73194, E 76.71752
120
18 Cheruvallimukku N 8.68024, E 76.80464
100
19 Sarkkara N 8.65742, E 76.78851 5 /
FE 80
20 Korani N 8.65555, E 76.82696 s }'
=" 60
‘Table 2’ shows the index properties of various samples. E 10 /
‘Table 3° shows the optimum moisture content and maximum g /
dry densities of three samples. » j
0 +
0.01 0.1 1 10
sieve size ( mm)

Fig. 1: Particle size distribution curve (Sample 20)
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Fig. 2: Compaction curve ( Sample 20)
I1) Coir fibre
Coir fibre was collected from the Coir Society,

Anathalavattom. The collected coir fibre was then air dried
and cut into 50 mm length. ‘Table 3° shows the properties of
coir fibre.

Table. 3 : Properties of coir fibre

Parameter Values
Length 50 mm
Density 1.12 g/cm®
Color light brown

Average diameter 0.25 mm

C. METHODOLOGY

I)  Experimental Set up
The experimental set up consists of a tank of 40 cm
diameter and 1 m height. It has an attached graduated scale to
measure the level of water. The mould for the soil specimen
has a diameter of 10 cm and a height of 11.7 cm. The
experimental set up is shown in ‘Figure 3.
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Fig.3: Experimental set up (Not drawn to scale)

The required weight of soil and coir fibre is mixed over a
plane glass plate. Required water content is added for
specified density and mixed well. It is then filled in the mould
in approximately 3 layers and is compacted statically. Water
is permitted to flow through the sample in the upward
direction. Soil is allowed to be saturated and a steady flow
has to be achieved. Discharge under various heads was

monitored .The experiment was continued for increasing
heads until piping failure occurs. When hydraulic head
reached a certain level, small bubbles were observed and
finally the specimen failed by piping. Critical hydraulic
gradient, ic is calculated by dividing the critical head by
height of the specimen.

I1) Developing an ANN model

Using MATLAB software, a neural network model is made
to predict the critical hydraulic gradient of soil. A multi-layer
perception network with feed forward back propagation is use
to develop the model by varying the number of parameters
and hidden layers. From the available data 80 percentage is
used for training the neuron and remaining data are used for
testing.

I1l. RESULTS AND DISCUSSIONS

The test result shows that, as the hydraulic gradient increases,
seepage velocity also increases. The experimental result
shows that addition of coir fibre increases the critical
hydraulic gradient. That means the piping resistance of soil
gets improved while inter mixing coir fibre randomly on it.
The critical hydraulic gradients of soil samples with and
without coir fibre are given in ‘Table 4°.

Table.4 : Critical hydraulic gradients of soil samples with and without coir

Sample Critical hydfrlgl:(laic Critical hydraulic
No Gradient (without Coir fibre) | Gradient(with coir fibre)
1 2.52 4.6
2 1.83 5.23
3 5.13 7.23
4 74 10.4
5 7.6 10.5
6 5.83 7.8
7 3.96 6.7
8 3.8 7.43
9 4.1 7.21
10 7.2 9.32
11 5.2 741
12 34 6.23
13 4.9 7.23
14 6.17 8.1
15 5.39 8.41
16 4.43 8.82
17 4.17 791
18 3.91 6.71
19 5.8 8.41
20 1.88 6.24

Critical hydraulic gradient of coir fibre mixed soil
increases with increase in percentage of coir fibre. Above
1.5% of coir fibre 1.75% or 2% , when used , it become
difficult to mix with soil and the sample become very
difficult to handle. * Table 5’ shows the increase in critical
hydraulic gradient with percentage of coir fibre.

IJERTV6I S030029

www.ijert.org 14

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by :
http://lwww.ijert.org

International Journal of Engineering Research & Technology (IJERT)

| SSN: 2278-0181
Vol. 6 Issue 03, March-2017

Table.5: Increase in critical hydraulic gradient with percentage of coir fibre
Sample Percentage Critical hydraulic
No of coir fibre Gradient
0 5.8
0.25 6.15
19 0.5 6.66
0.75 7.18
1 7.52
15 8.41
0 1.88
0.25 2.73
0.5 35
20
0.75 4.78
1 5.98
1.5 6.24

Seepage velocity increases with hydraulic gradient. But when
coir fibre added to the soil seepage velocity gets reduced.
That means piping resistance of soil get improved with
increase in coir content. ‘Fig 4° shows the seepage velocity
versus hydraulic gradient of sample 19 for various fibre
contents.
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Fig.4: Seepage velocity versus hydraulic gradients of sample19 with 1.5% of
coir fibre

‘Fig 5° shows the seepage velocity versus hydraulic gradient
of sample 19 for various fibre contents.
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Fig.5: Seepage velocity versus hydraulic gradients of sample 19 for various
coir fibre contents.

An artificial neural network was also formulated from the
experimental data by using MATLAB software and found an
R? value of 0.95

IV. CONCLUSION

From the experimental study, it is concluded that, the critical
hydraulic gradient of coir fibre mixed laterite soil can be
improved by intermixing it with coir fibre. Critical hydraulic
gradient of sample increased with increase in coir content.
Seepage velocity of soil get reduced with increase in coir
content. Thus piping resistance of laterite soil can be
improved by mixing coir fibre randomly on it. Since coir
fibre is an easily available natural fibre, the use of the same
can be done in various water shed management systems
effectively.
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