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Abstract

Geotextile tubes can be used to dewater materials such as sludge, sediments or residues
aiming at reducing their moisture contents to acceptable levels. The tube filling process can
be carried out using one or several filling stages, and the number of stages can influence the
tube behaviour in terms of dewatering rate, final shape and geotextile strains, for instance.
In this research, laboratory tests were carried out on nonwoven geotextile tubes for the
dewatering of a fine-grained material using different numbers of filling stages. The behaviour
of the tube was monitored by instrumentation to assess tube geometry, pore pressures,
total stresses at the tube base, geotextile strains and retention capacity. Evaluations of the
accuracy of some available methods for the prediction of tube behaviour were also made.
The results obtained showed that the increase in the number of filling stages resulted in
larger final tube height, volume, geotextile strains as well as larger diameters of the soil
particles that piped through the geotextile. Predictions of tube behaviour by available
methods showed varying degrees of accuracy depending on the tube parameter considered.

1. Introduction

Geosynthetics have been used for various functions in
geotechnical and environmental engineering projects, such
as soil reinforcement, drainage, filtration and as barriers,
for instance. Among the reasons why geosynthetic have
gained considerable acceptance over the years are: easy
transportation to working sites, quick installation, repeatable
properties and savings in the use of natural construction
materials. These characteristics can yield to significant cost
savings compared to traditional geotechnical alternatives
and provide environmentally friendly engineering solutions.

The increase in industrial activities causes large amounts
of waste to be generated with large percentages of fines, varying
contents of liquid and, not seldom, contaminant substances.
This creates difficulties for the disposal of these materials,
and alternative management techniques must be necessary
(Moo-Young et al., 2002; Muthukumaran & Ilamparuthi.
2006; Bourges-Gastaud et al., 2014). The technique of
using geotextile tubes has been considered an efficient and
economical solution for moisture content reduction and
safer disposal of wastes (Maurer et al., 2012). To better
understand the dewatering behaviour of geotextile tubes,
several laboratory studies have been carried out over the last
decades (Moo-Young et al., 2002; Moo-Young & Tucker, 2002;
Koerner & Koerner, 2006; Muthukumaran & Ilamparuthi,

2006; Lawson, 2008; Liao & Bathia, 2008; Satyamurthy &
Bhatia, 2009; Cantré & Saathoft, 2011).

Several works in the literature have reported the use
of geotextile tubes for a series of purposes such as drying
sludge or sewage material in wastewater treatment plants,
rehabilitation of slopes, protection of coastal areas by means
of breakwaters, slope buttresses and protection dikes, among
others (Leshchinsky et al.,1996; Plaut & Suherman, 1998;
Koh et al., 2020, Pilarczyk, 2000; Koerner & Koerner, 2006;
Lawson, 2008; Yan and Chu, 2010; Yee et al., 2012; Yee &
Lawson, 2012).

A specific problem faced in the field of engineering is
how to efficiently dispose sludge with high water-content such
as dredged sediment, industrial waste, wastewater treatment
sludge, and mining tailings (Bourges-Gastaud et al., 2014).
In addition, the use of geotextile tubes for the dewatering
of tailings in mining plants has increased in acceptance
because of drainage efficiency and lower investments and
maintenance costs (Assinder et al., 2016; Newman et al.,
2004; Li et al., 2016; Wilke et al., 2015). Results presented
by Yang et al, (2019) show that the application of geotextile
tubes in tailings storage structures represent a good alternative
for fine tailings disposal.

The typical process of dewatering with geotextile tubes
consists of several stages of filling and dewatering (Yee &
Lawson, 2012). During the filling stage, the sludge material
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is pumped into the tube under turbulent conditions followed
by the outflow of the liquid, with sedimentation of particles in
the lower part of the tube. The filling and dewatering stages
are then repeated up to the maximum operational capacity
ofthe system. Despite the success in use of geotextile tubes,
some uncertainties remain regarding important design and
construction issues.

Some studies (Lawson, 2008; Yee & Lawson, 2012,
Wilke & Cantré, 2016, Ratnayesuraj & Bhatia 2018, Kim &
Dinoy, 2021) admit tube filling and dewatering processes in a
single or multiple stages. The number of stages can influence
pore pressure generation (Zhang et al., 2022), strains and
tensile forces in the geotextile (Plaut & Filz, 2008, Kim et al.,
2020) as well as limiting the accuracy of predictions of tube
behaviour from theoretical solutions.

This paper presents and discusses results of large-scale
laboratory tests to investigate the influence of varying numbers
of filling stages on geotextile tube behaviour considering the
development of pore pressures and total stresses in the filling
material, as well as the strains in the geotextile. For this
purpose, tubes were filled with slurry in a single stage and
in three stages. The results obtained in the experiments are
presented and discussed in the following items.

2. Experimental

2.1 Materials

The infill material used in the experimental program
consisted of a mixture of a lateritic silty clay and water
in the form of a slurry with a concentration (in mass) of
solids of 50%. The grain size analysis of the soil carried out
using a laser beam grain size analyzer (Microtrac) revealed
values of D, (diameter for which 85% of the remaining
particle diameters are smaller than that value, Table 1) of
0.063 mm and 0.259 mm in tests with and without dispersing
agent, respectively, D,, of 0.027 mm and 0.120 mm, D, of
0.0036 mm and 0.040 mm, liquid limit of 37% and plastic
limit of 28%. The predominant soil mineral is gibbsite, an
in its natural state the soil fabric presents macropores and
many aggregates (Burgos, 2016). Table 1 presents the main
geotechnical properties of the soil used in the test.

A nonwoven, needle-punched, geotextile made of
polyester continuous filaments was used. The mass per unit
area of the geotextile is equal to 200 g/m? and its filtration
opening size is equal to 0.115 mm. The geotextile tubes had
alength of 1 m and a diameter of 0.8 m. The main geotextile
properties are summarized in Table 2.

2.2 Equipment
A channel (6 m long x 1.5 m high; 1 m wide) was used

in the experiments. A section at one of the extremities of the
channel was used for the mixing of the soil with water. The rest

Table 1. Soil Properties.

Proprieties Values
D,, (mm)® 0.040/0.0036®
D, (mm) 0.120/0.027
D, (mm) 0.259/0.063
Coefficient of uniformity 3.7/8.4
% smaller than 0.075 mm 29/87
Liquid Limit (%)* 37
Plastic Limit (%)* 28
Plasticity Index (%)* 9
SUCS Classification CL
AASHTO Classification A-4
MCT Classification LA-LA

D = diameter of the particle for which n% of the remaining particles are smaller.
@ Values on the left are from tests without the use of dispersing agent and values
on the right with the use of dispersing agent.

*Source: Burgos (2016).

Table 2. Geosynthetics properties.

Propriety Values
Polymer @ PET
M, (g/m?) 200*
t,, (mm) 2.2%
0, (mm)® 0.115
J, (kKN/m)@-9 11.5
T, (kN/m)*o 9.8
e (%)9 83-100

max
(' PET= polyester; M, = mass per unit area (ASTM D5261); 7 =nominal thickness
(ASTM D 5261). @ O, =filtration opening size (ASTM D6767). @ J5 = secant tensile
stiffness at 5% strain. @ Tmax = tensile strength. © emax = maximum tensile strain.
©Wide-strip tensile tests as per ASTM D4595. * Data provided by the manufacturer.

of the channel length was used to construct the geotextile
tubes (Figure 1). The sides of the channel are transparent
to allow the view of the deformed shape of the tube during
the test. Two layers of lubricated plastic were applied to the
channel walls to minimize friction between the geotextile
and the glass. Soil was continuously and uniformly mixed
with water to form a slurry with a unit weight of 13.5 kN/
m? using of a 3000 watts power pump prior to the inflow of
the slurry in the tube. The geotextile tubes were cylindrical,
with a diameter of 0.8 m and a length of 1 m. The geotextile
tube rested on a rigid platform at the bottom of the channel.

The tube was instrumented with electric total stress cells
and pore pressure transducers installed at its base, as shown
in Figure 2. A standpipe connected to the tube base was also
installed. The deformation of the tube was measured at several
points along its perimeter by monitoring the deformed shape
of a square meshes (20 mm wide) printed along the surface
of the tube in its central region (Figure 2).

The tests started with the preparation of the soil slurry
with a concentration (in mass) of solids of approximately
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50%. The process of mixing and filling was carried out by
means of a dredge pump. The injection flow rate of the
mixture inside the geotextile tubes was equal to 0.75 I/s.
The tubes were filled with a single filling step or with three
filling steps. The filling stage lasted until the tubes reached
an initial height of 450 mm.

After the end of the tests, the soil particles that piped
through the geotextile were collected for grain size analysis.
A laser beam particle analyzer (Microtrac) was used for the
measurement of the diameters of the piped particles.

Slurry mixing chamber 3. Results

3.1 Volume reduction and change in dewatering rate

1500 mm Figure 3 shows the volume of water drained from the
tubes over 4 weeks for the two tests performed, which are
identified by the codes GT-1FS (single filling stage) and
GT-3FS (three filling stages). Stabilization of the readings

1500 mm at the end of the second, third and fourth week in the test

®) GT-3FS can be noted. For the case of the GT-1FS test, the

Figure 1. View and dimensions of the equipment (a) View of the ~ same stabilization of drained water volume can be observed
mixing and test sections; (b) Dimensions of the channel. after 13 days after filling. The use of three filling stages led

Reference section for geotextile
strain measurements

Reference to measure
height variation

- >
~ - = Water column height
measurements

200 mm

Mesh for geotextile
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-02
~@ol
250 mm !
Measurement R :
\ v

point using o v
water column - .

250 mm ‘

®) (c)

Figure 2. Instrumentation of the tube (a) Location of pressure cells and pore pressure transducers; (b) Location of the instruments at the
base of the geotextile tube; (¢) Square mesh printed along the surface of the tube for geotextile strain measurements.
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to a volume of drained water 29% higher compared to the
test with a single filling stage.

The tube height variation with time was recorded
throughout the test and is depicted in Figure 4. It can be
noted that the magnitude of the tube height increases at the
beginning of each filling stage decreased in test GT-3FS.
According to Yee & Lawson (2012), as the number of draining
stages increases, the volume of solids and flakes deposited
in the tube also increases, thus decreasing the variation in
height between each filling stage. A similar behaviour of the
two tests can be observed in the first two weeks, with just
a slight difference in height at the end of the second week
when compared with test GT-3FS. The formation of layers
of sedimented material at the bottom of the tube occurs
more quickly after the filling process, associated with a
greater output of free water (Figure 3). A transition from a
process dominated by dewatering to another dominated by
consolidation takes place, as described by Lawson (2008).

The volume of slurry injected in the tube was measured
for each filling stage. Figure 5 presents the variation of
the tube total volume with time during tests GT-1FS and

120 1
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Figure 3. Accumulated volume of water drained during the tests.
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Figure 4. Variation of tube height with time.

GT-3FS. The change in contained slurry volume within the
geotextile tube and the change in concentration of solids are
interrelated (Lawson, 2008). For a single filling-dewatering
cycle, the expected increase in solids concentration can be
determined for a given reduction in contained slurry volume
from (Lawson, 2008):

1 So
g - 1-AV, )\ 1-5, .
i) ”
1+ ——
1-AV, )\ 1-8,

Where St is the concentration of solids at time t, AV is the
contained slurry volume reduction over time ¢ and S is the
initial concentration of solids.

From the variation of the slurry volume recorded in the
test GT-1FS in Figure 5a, it is possible to obtain the variation
of the theorical concentration with time using Equation 1, as
shown in Figure 5b. There is a gradual reduction in volume
as the water drains, consequently leading to an increase in
concentration of solids with time. Higher rates of concentration
increase were observed in the first 5 days of testing.

According to Yee & Lawson (2012), once the retained
volume inside the tube and the solids concentration stabilize,
the process starts to be dominated mainly by consolidation,
when small changes of volume of drained water, height of
the geotextile tube and dewatering rate (Figure 3, 4, 5 and 6,
respectively) take place at a much smaller rate.

The recorded volume of effluent from the geotextile tube
over time was used to calculate the variation of dewatering
rate with time, as shown in Figure 6. The peaks at 14 and
24 days correspond to the start of the 2nd and 3rd filling
stages in test GT-3FS test. It can be noticed that in this
test, after the first filling stage, the dewatering rate dropped
to nearly zero after 13 days, but this time was smaller in
the following steps, showing the drainage capacity of the
enveloping geotextile was not compromised during the test
duration. For test GT-1FS almost zero drainage was observed
after approximately 15 days of testing.

3.2 Pore pressures and total stresses

Figure 7 presents the variation of pore pressure at the
base of the tube with time. As expected, maximum pore
pressures occur at the start of the filling stage in test GT-
1FS and GT-3FS. After filling, the pore pressure transducers
(P-01, P-02 and P-03, Figure 2) recorded maximum pore
pressure values of 3.45 kPa, 2.52 kPa and 3.12 kPa in test
GT-1FS (Figure 7a). Afterwards, a continuous reduction
of pore pressure with time can be observed. After 4 weeks
of testing, the pore pressures varied between 0 to 0.5 kPa,
depending on the pore pressure transducer considered.

Maximum values of a 5.5 kPa, 5.28 kPa and 5.98 kPa
in test GT-3FS (Figure 7b) were recorded by the pressure
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transducers P-01, P-02 and P-03 (Figure 2). During each  those in test GT-1FS are likely to be a consequence of the
dewatering stage, the pore pressures gradually decreased.  impact of the jet of the inflow slurry on the pressure transducers
After 4 weeks of testing, the pore pressures varied between  at the tube base at the early stages of testing. The direction
0.26 kPa to 0.46 kPa. Initial larger values of pore pressures  of this inflow slurry jet could not be efficiently controlled
recorded after tube filling in test GT-3FS in comparison to  at those testing stages.
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Figure 5. Variation of tube volume and solids concentration with time (a) Volume variation versus time; b) Volume and concentration
of solids versus time - GT-1FS.
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Figure 7. Pore pressure variation with time; a) GT-1FS; b) GT-3SF test.
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Figure 8 shows the variation of normalized vertical
stress at the tube base with time obtained in test GT-1FS.
The total vertical stress at the base was normalized by the
product y.h,, where vy is the final unit weight of the soil and
h_ is the final tube height. Higher initial vertical stresses are
a consequence of the filling process, caused by the impact of
the slurry jet on the stress cells. A decrease in normalized total
vertical stress due to dewatering can be noted throughout the
test until values between 1.05 and 0.97 are reached.

The variation of normalized total vertical stresses at
the base of the tube for test GT-3FS is depicted in Figure 9.
Similar initial vertical stresses as those observed in test
GT-1FS can be noted, followed by reductions with time.
In comparison to test GT-1FS, a slight increase in the final
vertical stress with the increase in the number of filling stages
can be observed due to the slightly greater final soil density
at the end of test GT-3FS. In this case, the normalized total
vertical stress varied between 1.09 to 1.13 at the end of the
last dewatering stage.

3.3 Geotextile strains

Figure 10 shows the variation of geotextile strain
along the tube perimeter at the end of tests GT-1FS and
GT-3FS, after dewatering stages. The maximum tensile
strain was reached at the crown of the tube in both tests
decreasing towards the tube base. The strains measured in
test GT-3FS were larger than in test GT-1FS along the entire
tube perimeter, showing the effect of multiple filling stages
on geotextile strain mobilization. As the volume of filling
material increased in the tube, so does the geotextile strains.

I .
Il =

Figure 10. Variation of tensile strain along tube perimeter in tests GT-1FS and GT-3FS.
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3.4 Dimensions of the particles that piped through the
geotextile.

Figure 11 shows the grain size distribution of the
particles (tests without dispersing agent) that piped through
the geotextile during the tests, as well as the gradation curve
for the particles of the original soil for comparison. This
figure shows that the maximum value of the diameter of
the particles that piped through the geotextile (taken as d,
which is the particle diameter for which 95% of the remaining
particles are smaller) was equal to 0.073 mm in test GT-1FS
and 0.093 mm in test GT-3FS, which are values smaller than
the filtration opening size of the geotextile (O,, = 0.115 mm,
Table 2). Thus, the increase in the number of filling stages
seems to have caused the piping of coarser material through
the geotextile.

It should be pointed out the no flocculating agent was
added to the slurry in the current tests and that the geotextile
layer is tensioned in this type of application. However,
Palmeira et al. (2019) and Palmeira (2020) reported little
variation in filtration opening sizes of geotextiles submitted
to tension under plane strain conditions.

The total mass of the soil piped through the geotextile
was very small, but greater in the case of test GT-3FS (8.51 g
against 6.06 g in test GT-1FS). Therefore, despite the small
values of piped mass, increasing the number of filling stages
resulted in 40.4% increase in piped soil mass. In terms of
the total superficial area of the geotextile tube available for
particles piping, the values obtained were 3.39 g/m? for test
GT-3FS and 2.41 g/m? for test GT-1FS.

4. Comparisons between predictions and
measurements

Predictions of tube volume, tube geometry and geotextile
strains were compared to the values measured in the tests.
Because the theoretical methods investigated consider a

90 +
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70 -
60 -
50 -
40
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Porcentage passaing (%)

20

0,0001 0,001 0,01 0,1 1 10
Particle diameter (mm)
——GT-1FS Test

Figure 11. Gradations of the soil particles that piped through the
geotextile.

—Soil —— GT-3FS Test
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single filling stage in their formulations, emphasis will be
given to the comparisons between theoretical predictions
and measurements taken in test GT-1FS. In addition, the
methods require the knowledge of the pressure (p) employed
to fill the tube for the predictions of tube deformations and
geotextile tensile forces. In the present study, the average
maximum pore pressure measured (3.01 kPa) by the pore
pressure transducers during tube filling was adopted in the
calculations, since the filling pressure varies during the filling
process and the maximum pore pressure value measured would
represent more critical filling conditions to the mobilization
of strains in the tube.

4.1 Tube volume

An empirical relationship which estimates the volume
of a geotextile tube as a function of its length, filling height
and theoretical diameter was proposed by Yee et al. (2012).
According to the authors, satisfactory predictions can be
obtained for filling height ratios h /D, <0.7 by the following
equation:

0.815 8.6
h h
V. =L,.D2 (_Tj _(_TJ )
T b, D,

Where V. is the volume of the geotextile tube, L; is the length
of the geotextile tube, A is the height of the tube and D; is
the theoretical tube diameter.

The comparison between predicted and measured volume
variation with time for test GT-1FS is shown in Figure 12a.
Deviations between predicted and measured values can
be observed. Equation 2 overpredicted the tube volume
by approximately 18% throughout the test. The variation
of the geotextile tube volume for test GT-3FS is shown
in Figure 12b. In this case, a better agreement between
predicted and measured values can be noted, particularly
during the last dewatering stage. Up to the 3rd dewatering
stage, in average, Equation 2 overpredicted the tube volume
by approximately 10% (Figure 12b), but the accuracy of the
prediction improved at the end of each dewatering stage.

4.2 Tube geometrical characteristics

The accuracy of available solutions (Guo et al., 2014;
Plaut & Suherman, 1998; Lawson, 2008) for the estimate
the final shape and dimensions of the tube and the average
vertical stress at base were also investigated. Figure 13 shows
the comparison between the final cross-section of the tube at
the end of the filling stage in test GT-1FS and the prediction
by Plaut & Suherman (1998). The method provided an
accurate prediction for the tube height (4.5% deviation)
and maximum width (5.5% deviation), but underpredicted
its tube base width by 20%.
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Figure 12. Comparison between predicted and measured volume retained on the geotextile tube (a) Volume variation in test GT-1FS;
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Figure 13. Predicted and measured tube cross-section in test GT-1FS at the end of the filling stage.

Figure 14 presents comparisons between predicted
and measured tube height and base width at the end of the
filling stage of test GT-1FS. The predictions deviated from
the measured values between 4.5% and 29.5%, with the
best accuracy being obtained by the predictions by Lawson
(2008) and Plaut & Suherman (1998). Guo et al. (2014)
over predicted the tube height by 29.5%. All three methods
investigated underpredicted the tube base width, with
deviations of 13.5% (Lawson), 20.0% (Plaut and Suherman)
and 37.3% (Guo et al.).

Comparisons between predicted and measured tube
cross-section area, maximum width and the total vertical
stress at the base of the tube are depicted in Figure 15. In this
figure the vertical stress is normalized by the product of
the soil slurry unit weight (13.5 kN/m?) and the final tube
height at the end of the filling stage. The predictions of
tube cross-section area deviated from the measurements by
4.7%, 11.6% and 9.3%, for the methods of Guo etal. (2014),
Lawson (2008) and Plaut & Suherman (1998), respectively.
Regarding predictions of maximum width by Guo et al.
(2014), Lawson (2008) and Plaut & Suherman (1998), the
deviations from the measured values were 14.5%, 9.1% e
5.5%, respectively.

The predicted values of normalized total vertical
stress at the base of the tube compared well with the
measurements (Figure 15), with deviations of 2.1% for
Lawson (2008) and 2.6% for Plaut & Suherman (1998)
methods, respectively.

4.3 Geotextile forces

Table 3 shows maximum and minimum mobilized tensile
forces in the tube in tests GT-1FS and GT-3FS. The tensile
forces were calculated as the product between the measured
tensile strains and the geotextile tensile stiffness (11.5 kN/m,
Table 2). Table 3 also presents the predictions of tensile
forces by Plaut & Suherman (1998) and Guo et al. (2014)
(single filling stage assumed). The mobilized tensile forces
in test GT-1FS varied between 0.81 kN/m and 1.49 kN/m
after filling (Table 3) depending on the location along the
tube perimeter considered. Plaut & Suherman’s method
predicted a value of 1.26 kN/m for the geotextile tensile
force. Thus, the tensile force predicted by that method was
closer to the maximum geotextile tensile force measured,
but with a deviation of 15.4%. On the other hand, Guo et al.
(2014) predicted a tensile force of 1.96 kN/m, which is 31.5%
greater than the maximum value measured during the test.
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Table 3. Mobilized and predicted geotextile tensile forces at the end of the filling stage and at the end of the test.

Phase Rance GT-1FS GT-3FS Plaut & Suherman (1998) Guo et al. (2014)
& (kN/m) (kN/m) (kN/m) (kN/m)
After filling Maximum 1.49 1.38 1.26 1.96
Minimum 0.81 0.81
End of the test Maximum 1.38 1.49
Minimum 0.69 0.86
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Figure 14. Comparisons between predicted and measured tube
dimensions — Test GT-1FS.

5. Conclusions

This work presented an experimental study on the
behaviour of geotextile tubes filled with slurry in one and in
three filling stages. A large equipment was used to simulate
the filling and dewatering stages of the tube and geotechnical
instrumentation provided relevant information to understand
the tube behaviour. The main conclusions obtained in this
study are summarized below.

The use of three filling stages significantly increased
the tube final height and volume at the end of the test. Larger
geotextile strains were reached in the test with three filling
stages, with the maximum strain occurring at the tube crest
in both tests. Despite taking much time to fill the tube, the
use of multiple filling stages is more efficient regarding final
tube height and storage capacity.

The geotextile used was efficient in dewatering the
slurry and reducing the pore pressures inside the tube.
Particles smaller than the geotextile filtration opening size
were capable of piping through the geotextile, but in very
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Figure 15. Comparisons between predicted and measured tube dimensions
and vertical stresses at the tube base after filling - Test GT-1FS.

small quantities, but larger in size and in quantity in the test
with three filling stages.

Regarding comparisons between predictions by methods
available in the literature and measurements, deviations ranging
from 4.5% to 37.3% between predicted and measured values
were observed, depending on the tube parameter and method
considered. More accurate predictions were obtained for the
tube cross-section area (deviations between 4.7% and 9.3%)
and poorer predictions for the tube base width (deviations
between 13.5% and 37.3%). Deviations between predicted
and measured tube height varied between 4.5% and 29.5%,
depending on the method considered. Smaller deviations (2.1%
and 2.6%) from the measured values were obtained for the
predictions of total vertical stress at the tube base. Deviations
of 15.4% and 31.5% were obtained for the predictions of
geotextile tensile forces. In general, the relations presented
by Lawson (2008) provided the best estimates for the tube
behaviour for the conditions of the tests performed.

The results obtained in the study describe herein showed
the efficiency of using geotextile tubes for the dewatering of
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slurries. However, further research in necessary, particularly
for the development of methods to predict the behaviour of
geotextile tubes subjected to multiple filling stages.
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List of symbols

h, height of the tube (m)

t time (s)

tor geotextile thickness (m)

ASTM  American Society of Testing Materials

CTT  total stress cell

D, diameter of the particle for which n% of the remaining
particles are smaller (m)

D, theoretical tube diameter (m)

J; secant tensile stiffness at 5% strain (N/m)

L, length of the tube (m)

M, geotextile mass per unit area (g/m?2)

0, filtration opening size (m)

P pore pressure transducer

PET  polyester

S initial concentration of solids (dimensionless)

S, concentration of solids (dimensionless)

T . geotextile tensile strength (N/m)

V. volume of the geotextile tube (m3)

10

A, slurry volume reduction (m3)
g maximum geotextile tensile strain (dimensionless)
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