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Abstract. Comparative study has been performed to investigate the behavior of dredged fills on rigid
(Model 1) and flexible (Model 2) containers. The study was focused on the sedimentation of soil fills and the
development of total stresses. Model 1 is made of an acrylic cylinder and Model two is a scale-size
geotextile tube. Results indicate that for rigid containers, significant decrease of the sediment height is
apparent during the dewatering process. On the other hand, because the geotextile is permeable, the water is
gradually dissipated during the filling process on flexible containers. Hence, significant loss in the tube
height is not apparent during the duration of the test. Pressure spikes are apparent on rigid containers during
the filling process which can be attributed to the confining effect due to hydrostatic pressure. For the flexible
containers, the pressure readings gradually increases with time during the filling process and normalize at
the end on the filling stage. No pressure spikes were apparent due to the gradual dissipation of pore water
pressure.

Keywords: rigid container; flexible container; total stress; geotextile strain; model test

1. Introduction

Geotextile tubes are widely used in South Korea since the late 1990s up to the present.
Presently, the annual consumption of cement and concrete has significantly increased in South
Korea. There is a decreasing supply of cement and construction aggregates such as rock, gravel
and sand whose quantities are now limited due to environmental restrictions in the quarry site.
Construction expenses have also increased due to additional delivery costs from source to site and
construction time is longer due to may process and equipment involved. Geotextile tube
technology could be a viable alternative to the conventional ruble mound structures in cases where
temporary protection is required or rock is not obtainable and difficult to transport to the site.

Geotextile tubes are made from strong and flexible textile materials that are capable of
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retaining fine-grained materials though permeable enough to allow the excess water from the
hydraulically filled slurry to dissipate. In recent years geotextile tubes were used as groins and
breakwaters to protect or mitigate shoreline/coastline erosions (Cantré 2002, Gibeaut et al. 2003,
Alvarez et al. 2007, Pilarczyk 2008, Parab et al. 2011), as containment dikes for land reclamation
and man-made islands (Fowler et al. 2002a, b), and as revetments acting as mass-gravity
barrier-type structures and protection dikes to prevent damage to valuable structures caused by
natural calamities (Restall et al. 2002, Lawson 2008).

Geotextile tubes has been of interest in various studies due to its wide applications in civil
engineering. Laboratory evaluation results on the permeability and retention characteristics of
geotextiles can be found in the studies of Moo-Young et al. (2002), Koerner and Koerner (2006),
Weggel et al. (2011) and Vashi et al. (2013). Model tests and large-scale experiments on
geotextile tubes can be found in the literature (Recio and Oumeraci 2009, Kriel 2012, Kim et al.
2013b, 20144, b). Numerical (Kim et al. 2013a, 2014b) & analytical methods (Plaut and Klusman
1999) were also conducted to study the stability of stacked geotextile tubes. In general the studies
available in the literature focuses on the investigation of the hydraulic stability of stacked
geotextile tubes and the geotextile performance in strength, durability and permeability. However,
very little is presently understood about the consolidation behavior of the fill materials and the
stress and strain behavior of the confining geotextile. Brink et al. (2013, 2015) has proposed a
consolidation modeling method for geotextile tubes filled with fine-grained materials. Cantré and
Saathoff (2011) has numerically formulated a design method for tubes considering the geotextile
strain.

A comparative study have been performed to investigate the behavior of dredged fills on rigid
and flexible containers. The study was focused on the sedimentation of slurry fill and the
development of total stresses induced by the dewatered fill material. The procedures and results
are presented in the following sections.

2. Material properties and instrumentation

2.1 Dredged fill properties

The model test have been carried out at the geotechnical engineering laboratory at Kunsan
National University. The fill material was obtained from a local dredging site in the Saemangeum

river estuary near Gunsan City. The physical properties of the dredged fill are shown in Table 1
and its gradation curve is given in Fig. 1.

Table 1 Dredged fill properties

Item Quantity
Natural water content, w, (%) 15.9
Specific gravity of soil solids, G 2.69
Plasticity Index, Pl (%) N.P.*
Percent passing #200 sieve 25
Soil classification (USCS) SM**

*non-plastic; **silty-sand
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2.2 Geotextile properties

The geotextile tube used in the present study is made of a woven P.P. (polypropylene)
geotextile material. The geotextile tube is 4.0 m long and has a theoretical diameter of 1.0 m. The
physical properties of the geotextile tube are shown in Table 2. The geotextile tensile strength-
strain relationship obtained from a laboratory test of the P.P. material is shown in Fig. 2. Initially
the polypropylene geotextile is strained up to 15% with minimal force. This can be attributed to
the realignment of loose geotextile fibers at start of the application of the tensile force.

2.3 Instrumentation

In this study, total stress transducers (TST) and strain gauges (SG) were used to monitor the
development of stress and strain during the experiment. All the measurement data are stored and
interpreted by a desktop computer. The schematic of the data station is shown in Fig. 3.

3. Laboratory setup and procedure
3.1 Model 1: Acrylic cylinder (Rigid container)

Fig. 4 illustrates the schematic diagram of the apparatus used for Model 1 test. The laboratory
setup shown in Fig. 4(a) comprises of a mixing tank, gravity tank or the elevated tank, and the
acrylic cylinder. The mixing and gravity tanks are equipped with electric driven agitators used for
the mixing of the water-soil mixture. The detail for the acrylic cylinder is shown in Fig. 4(b). The
acrylic cylinder’s filling port is located on the center. Measurement points/sections for the height
of accumulated soils are located at @D, @, @, @, ®, ®, @, ®), and @, as shown in Fig.
4(b). The TST contraption shown in Fig. 4(c) are located at @ and ®.

The slurry is prepared in the mixing tank where water and dredged soil are combined and is
constantly agitated with an electric agitator. After the desired slurry consistency is reached the
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Fig. 4 (a) Model 1 laboratory setup; (b) acrylic cylinder detail; and (c) total pressure transducer
(TST) placement

soil-water mixture is hydraulically pump to the gravity tank. An electric agitator is also provided
in the gravity tank to maintain the slurry consistency.

Initially the plan was to fill the geo-cylinder continually until the tube a maximum soil height
deposit is achieved (usually at the inlet of the tube, where filling becomes impossible due to the
soil deposits blocking the inlet). However, in the case of the present study, the filling process was
hindered by the rapid accumulation of filter cake on the permeable geotextiles at the ends of the
tube. Hence it was decided to fill the tube more than once.

3.2 Model 2: Geotextile tube (Flexible container)

The large-scale apparatus shown in Fig. 5 is equipped with a mixing station, pumping and
delivery station, and an observation station. The mixing station comprises of a (O mixing tank
and @ water supply tank. Soil (Dredged soil or sand) and water are combined in the mixing tank
for the slurry preparation. An electric agitator composed of a shaft rod attached to an electric
motor at one end and an impeller at the other end is installed above the mixing tank. The electric
agitator blends the soil and water mixture until a slurry material is produced. In the pumping and
delivery station a (@ hydraulic pump is used to draw the slurry from the mixing tank via the @
two-way slurry delivery pipe system during the filling process. There are two filling options for
the slurry into the geotextile tube, through direct hydraulic pumping or via the & gravity tank.
For the hydraulic filling, the slurry is hydraulically pumped into the geotextile tube. Alternatively,
geotextile filling by gravity initially requires pumping the slurry from the mixing tank to the
gravity tank. An electric agitator is also installed on top of the gravity tank to continually agitate
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the slurry mixture. To fill the geotextile tube, a gate valve at the bottom of the tank is opened and
the slurry is filled through gravitation. In the case of gravity filling, the pumping pressure will be
based on the hydraulic head of the slurry in the gravity tank. The hydraulic head will be equal to
the difference between the elevation of the filling port and the elevation of the slurry surface. For
the present study, the geotextile tubes were filled hydraulically. The experimental observations for
the geotextile tube models are made in the observation station or the ® test tank. The steel tank
floor have dimensions of 3 m x 5 m and can be filled with water at a maximum height of 1.5
meters to simulate geotextile tube models under submerged conditions. In both submerged and
non-submerged geotextile tube test cases, water from the test tank can be recycled and reused for
the next experiment by pumping out the water back to the water supply tank using submersible
water pumps.

Strain gauges are also placed on the outer skin of the geotextile. Details for the location and
placement of the pressure and strain sensors are shown in Fig. 6. The strain gauge and pressure
cell readings were collected by the data logger and interpreted by a desktop computer in the data
station. The strain gauge is attached to the geotextile skin in the same manner shown in Fig. 6(a)
along the transverse direction of the tube to measure the tube’s circumferential strain. The
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surface of the geotextile area where the strain gauge will be attached should be cleaned. Then a
sufficient amount of chloroprene (CR) adhesive (occupies at least about an area of 20 mm x 50
mm) is spread on the surface of the geotextile skin. The strain gauge is then placed on top of the
applied CR adhesive. After the strain gauge is secured, an N-1 coating is coated on top of the
strain gauge to cover the device. Lastly, the attachment is covered with a VM tape for water
proofing. In this study, four strain gauges were attached to the tube in the same manner as shown
in Fig. 6(b). The section in the geotextile tube where the strain gauges are placed is shown in Fig.
7.

For the slurry preparation, the dredged soil and water are combined in the mixing tank. A 3:1
water to soil ratio slurry mixture (300% water content) is used for both geotextile tube experiments.
The mixture was continually stirred by the electric agitator to achieve an even mixture and retain
the desired slurry consistency. Concurrent with the slurry preparation, the geotextile tube is placed
into position inside the test tank. The geotextile tube is filled hydraulically. The slurry is pumped
into the geotextile tube through the improvised T-type inlet system during the filling phase. The
tubes are filled, dewatered and refilled again until the dewatered height of the tube following the
last filling phase is approximately equal to 40~50% the theoretical diameter of the geotextile tube.
The pumping pressure during filling was maintained at 30 kN/m?. Measurements of the tube height
and width at each section are taken after filling (filled height & width) and before refilling
(dewatered height & width) of slurry. The strain and pressure data are collected via a data logger
and monitored through a desktop PC (Fig. 3). After the filling and dewatering tests, soil samples
were gathered from the topmost and bottom part of the tube. The water content and percent
passing #200 sieve of these samples were determined to evaluate the variation of fill material
characteristics in the tube.

4. Test results
4.1 Accumulated soil height
The recorded measurements for the accumulated soil fill on Model 1 is shown in Fig. 8(a) and

the progress of the filled tube height of Model 2 is shown in Fig. 8(b). The filling rates for Models
1 & 2 were methodically kept at constant during the each test. Model 1 was initial planned to
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hydraulically filled (though gravity force) with slurry at Q; = 0.0106 m®min. The measured
pumping pressure was approximately 18 kPa during the entire experiment. The slurry material was
injected into the tube at water content @ = 300%. The first filling stage lasted for approximately 80
min. Ten minutes after the first filling, clogging due to the accumulation of filter cakes on both the
geotextile sheet covers at the ends of the cylinder occurred. In consequence, the filling rate was
reduced at this point and the deposition of soil sediments became gradual. The tube inlet was
closed at time t = 80 min and was allowed to dewater for approximately 20 min. At this stage the
settlements at Locations A and B became apparent. At t = 100, the tube was pumped again with
slurry. This time, the two outlets for drainage at the top of the cylinder were kept opened to allow
drainage of the excess water (since at this point, seepage flow though the geotextile sheets became
sluggish). At this point, it can be seen then the deposited soil height at Locations A and B doesn’t
change at all. This seems to be unlikely. However, looking at Fig. 9, it can be seen that the soil
height at sections O, @, @, ®, ®, @, and @ were changing with time. Negligible changes
for the soil height occurs at sections 3 and 7 (Location A and B). This could be attributed to the
type of inlet system (T-shaped inlet system) used during the test. It might be that during filling,
due to the shape of the inlet system, the soil particles were transported at longer distances (i.e.,
sections D, @, and (@), as suggested from the measurement data shown graphically in Fig.
9.
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Table 3 Summary of the variation in the geotextile tube’s shape properties

o Filling stage Stabilized stage
Description Property E o 30 4T (after two days)
. Height (mm) 212 233 321 368 360

Location 2 :
Width (mm) 1390 1340 1260 1265 1260
. Height (mm) 215 240 278 446 292
Location 4 :
Width (mm) 1210 1250 1240 1205 1245

Model 2 was hydraulically pumped with slurry (e« = 300%) at Q, = 0.0681 m%min at an
average pumping pressure (Po) = 32.96 kPa. The hydraulic pump has a maximum pumping power
of 5 HP. In this experiment, four filling stages were conducted for the geotextile tube model. The
slurry pumping were conducted at t; = 0 min, t, = 40 min, t; = 90 min and t, = 150 min. Each
filling stages were approximately 10-15 min. Model 2 displays a different type of behavior during
the filling process. Because the geotextile is permeable, the water is gradually dissipated during
the filling process. Hence, no significant loss in the tube height is apparent during the test. Fig. 10
illustrates the variation of the tube sections at Locations (2 and @ (please refer to Fig. 7) and
the corresponding tube height and width for each stage are tabulated in Table 3. Evidently the tube
height in both sections varies after each filling stage. The variation in the tube height and width
can be attributed to the water content and percentages of fine deposits in the area. Laboratory tests
on the soil samples, obtained from Locations @ and @ after the filling and dewatering tests,
indicates that Location (2 contains less amount of fine particles (17%) and water content (16%)
compared to Location @ where the fine particles are about 25% having a moisture content of
about 36%. This also explains why a significant drop in tube height occurred in Location @, two
days after the last filling stage, as shown in Fig. 10(b).
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4.2 Total stress development

4.2.1 Model 1

The total pressure readings for Model 1 are shown in Fig. 11 (for the placement and orientation
of these devices in the cylinder, please refer to Fig. 4). The readings for the pressure transducers at
Locations @ and are exhibited at Figs. 11(a) and (b), respectively. The pore water pressure
readings is shown in Fig. 12(a). The effective horizontal and vertical stresses at Locations @ and
are illustrated in Fig. 12(b). The recorded pressures for Model 1 clearly reflects the hydrostatic
pressure from the gravity tank. As mentioned earlier, the measured pumping pressure was 18 kPa.
The average total stresses during the 1% & 2" filling, and during the final dewatering stages acting
on the acrylic cylinder wall were plotted and shown in Fig, 13(a). It can be seen that the
hydrostatic pressure from the gravity tank has a significant effect on the total stresses acting on the
acrylic cylinder walls, especially on the 1* filling stage. At the last stage where the pumping
pressure was removed, it can be observed that the total stresses acting on the cylinder walls were
decreased eventually. After the experiment, laboratory tests were conducted on soils samples from
the cylinder. The average bulk unit weight y,,i of the fill material after the test is 17.9 kPa. With
this value, the total pressures acting at TST1, TST2, TST3 and TST4 can be approximated. The
calculated total stress based on yu, IS also plotted in Fig. 13(a) and the ratio between the
calculated (reference value) and measured values is plotted in Fig. 13(b). The calculated values for
TST3 and TST4 corresponds closely the measured values during the final dewatering stage. There
is a substantial difference between the measured and calculated values for TST1 and TST2. One of
the possible reason why this has occurred is on how the soil samples at locations @ and were
obtained for the laboratory test. It should be noted that in order to take soil samples at these
locations, the cylinder needs to be dismantled at sections @ and (. It could be that by the time
the samples were taken, a sizeable volume of water has already been dissipated. Hence, the
calculated values does not account for the dissipated pore water pressure during the soil sampling.
The idealized average total stress distribution around the acrylic cylinder’s wall is shown in Fig.
14. The total stress element is assumed to be acting normal to the cylinder’s surface. The total
stress distribution initially illustrates a non-linear behavior during the initial filling stage and linear
behavior during the final (stabilized) stage.
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Fig. 11 Total stress readings for: (a) Model 1; and (b) Model 2
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4.2.2 Model 2

The total pressure readings for Model 2 are shown in Fig. 15. The recorded readings for
Locations @ (TST-1) and @ (TST-2) are shown Figs. 15(a) and (c), respectively (please refer
to Fig. 7 for the placement of the sensors). Since the sensitivity of the transducers used in this
experiment was about 1 kPa, corresponding data based on polynomial curve fitting is provided in
Figs. 15(b) and (d) for Locations @ and @, respectively. Clearly, the pressure readings
corresponds to the height of the tube. Interestingly, it appears that the total horizontal pressures (x
and y directions, Fig. 6(c) and Fig. 7) are higher than the total vertical pressures. This phenomenon
might be due to the confinement effect of the geotextile sheet to the soil sediments inside the
geotextile tube. Presumably, due to the increasing geotextile tensile stress, the soil fills are most
likely pushed horizontally (inward direction) rather than vertically as shown in Fig. 16.
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Fig. 15 (a) Total stress readings at Location (2); (b) curve fit for the stress readings at Location ©);
(c) total stress readings at Location @; (d) curve fit for the stress readings at Location @;
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. —
Confining effect

Fig. 16 Geotextile tube’s confining effect

In this study, the fill material is assumed to be bounded by a frictionless geotextile membrane.
The soil element at any depth in the geotextile tube are subjected to vertical effective pressure, o',
and horizontal effective pressure, ¢',. The ratio between the effective vertical and horizontal
pressures can be defined a non-dimensional K

K== (2)
O-V

The variation in the coefficient of lateral pressures (K) at Locations 2 and @ are shown in
Fig. 17. Only the coefficients of lateral pressure corresponding to the time at which measurements
for the tube height were taken are plotted. In Fig. 17(a), it appears that coefficient of lateral
pressure K of the soil fill at Location 2 was increasing during the filling stages and decreased
after the last filling stage until it reached steady state. This is reasonable since there was no
significant drop in the tube height two days after the last filling stage (refer to Table 3). It might be
that the sequence for the lateral earth pressures (total) at Location (@ initially began from active
state (K, condition) during filling, passive state (K, condition) during dewatering and then finally
reached steady state (K, condition). If this is the case for the soil fill at Location @), then it
suggest that the soil fill at Location @ was still under active state at time t = 300 min. At this
point (t = 300 min), the excess pore water pressure at Location @ is large compared to the soil
deposits at Location (2), which at this point has reached steady state. This is why significant loss
in the tube height was observed in Location @ after two days when it finally achieved steady
state.
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Fig. 17 Coefficient of lateral pressures at (a) Location @ and (b) Location @
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4.3 Geotextile strain

During the experiment, the strain gauges were oriented along the transverse direction of the
geotextile tube to monitor the development of circumferential strain. The data for the geotextile
strain at SG-1 and SG-2 (at Locations @ and @), respectively, as shown in Fig. 7) are shown in
Fig. 18. The readings indicates that the geotextile strain increases during the filling process and
decreases during the dewatering process. The sharp spikes can be attributed to the effects of the
added pumping pressure during filling. Presumably, minimal geotextile strain occurs at the bottom
due to the confining effect between the soil fill and foundation. During the test, this assumption is
proven accurate as represented by the red line in Figs. 18(a) and (b) for Locations @ and @.
Due to the confinement of the geotextile in-between the fill material (above) and the foundation
(below), the geotextile at the bottom of the tube experience only minimal strain during the filling
and dewatering process. Another interesting result of the test is the strain readings at the top and
sides of the tube. Both strain gauge readings at Locations (2 and @ suggests that the strain at
the sides of the tube are larger compared to the strains at the top. This might seem unlikely,
however as previously discussed in Section 4.2.2, the magnitude of the total horizontal pressures
are larger than the vertical pressures. This implies that the increase in the geotextile strains at the
sides of the tube corresponds to the increase in the lateral pressure induced by the fill material.

The existing calculation methods available in the literature assumed that the circumferential
tensile force of the geotextile container is constant (Liu and Silvester 1977, Leshchinsky et al.
1996, Plaut and Suherman 1998). These assumption was made in order to easily solve the plane
strain membrane theory problem. For the present study, the reading for the topmost geotextile
strain gauge is significantly low for both geotextile containers and the strain gauge data results
shows a variation of strain deformation along its circumference. This suggest that in reality the
circumferential tensile forces that causes these deformations are non-uniform along the containers
circumferential length. It should be noted that the fill material for the geotextile container
considered in the theoretical analysis is fluid. Hence, in the case of the present study, the solidified
soil fill may have an influence to the strain variation readings on geotextile tube’s circumference.
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Fig. 18 Strain readings: (a) Location @ (SG-1) and (b) @ (SG-2)
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5. Conclusions

Based on the laboratory tests conducted, the following conclusions are drawn:

For rigid containers (Model 1), significant decrease of the sediment height is apparent
during the dewatering process. On the other hand, because the geotextile is permeable, the
water is gradually dissipated during the filling process of the flexible container (Model 2).
Hence, significant loss in the tube height is not apparent during the duration of the test for
Model 2.

Pressure spikes are apparent on rigid containers (Model 1) during the filling process which
can be attributed to the confining effect due to hydrostatic pressure. For the flexible
containers (Model 2), the pressure readings gradually increases with time during the filling
process and normalize at the end on the filling stage. Therefore, the recorded pressures for
Model 1 (rigid container) directly corresponds to the hydrostatic pressure while Model 2
(flexible container) directly reflects to the height of the material in the tube.

Test results indicates that the total horizontal pressures of the material in flexible containers
(Model 2) are higher than the total vertical pressures. This phenomenon might be due to the
confinement effect of the geotextile sheet to the soil sediments inside the geotextile tube.
Presumably, due to the increasing geotextile tensile stress, the soil fills are most likely
pushed horizontally (inward direction) rather than vertically.

Based on the results for Model 2, it is speculated that the sequence for the lateral earth
pressures (total) at initially began from active state (K, condition) during filling, passive
state (K, condition) during dewatering and then finally reached steady state (K, condition)
after the fill materials stabilized.

The tangential strain of the geotextile tube (Model 2) varies around its circumference.

The data readings are at minimal at the bottom of the tube (Model 2). Presumably the
stretching of geotextile at these locations are limited due to the confining effect between the
soil fill and the foundation.

The geotextile stains at the sides of the geotextile tube (Model 2) are larger than the
geotextile strains at the top. This implies that the increase in the geotextile strains at the
sides of the tube corresponds to the increase in the lateral pressure induced by the fill
material.

Due to the variation of the strain distribution on the geotextile (Model 2) skin, the
circumferential tensile force of the geotextile may as well be non-constant.
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