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INTRODUCTION

Geotextile tubes have been applied for a
number of years in hydraulic and coastal
engineering such as shore protection and
breakwaters. Based on a concept originally
suggested by the Dutch marine contractor
ACZ (now Van Oord), the so-called
Geotube® was further developed by
Ten Cate Nicolon, and has proven
successful on land as well as in shallow
water. Using Geotubes® in rough and deep
water however provides another set of
technical difficulties.

For several years geotextile tubes or
Geotubes® (a registered trademark of
Ten Cate Nicolon b.v.) have been applied in
hydraulic and coastal engineering such as
shore protection and breakwaters.
They have been used on land as well as in
shallow water. With the present techniques
it is very difficult to apply Geotubes® in
rough and relative deep water.

Discussions with a commission from CUR
(Centre for Civil Engineering Research and
Codes) -- comprising several companies and
organisations amongst which Van Oord
ACZ, Boskalis, IHC, Rijkswaterstaat (RWS),
Rotterdam Public Works, the manufacturers
of geotextile and TU Delft -- about the
potential problems resulted in further study
of the feasibility of a continuous Geotube®
that could be used in the open seas instead
of just along the shoreline. Now that scale
tests presented here have provided good
information about possible solutions and
a conceptual design of the equipment,
a prototype test is necessary.

In 2002 the CUR committee C129
presented a report that describes the
expected problems in the concept device to
fabricate a continuous Geotube® that can
be used in open sea conditions. The report
“Praktijkproef continue geotube” is based
on the Dutch patent NL 1011043. One of
the main problems foreseen by the
committee was the simultaneous filling and
stitching of the geotextile. This paper
describes a folding method (patented) for
stitched Geotubes®, which makes it
possible to separate the filling process from
the fabrication of the tube, the
mathematical modelling of a Geotube®
during the operation, the performed scale
tests and a way the overcome the
remaining problems.

The following processes take place during
installation of the continuous Geotube®:
- On a pontoon a tube is formed from a roll
geotextile.
- The edges of the geotextile are sewed
together.
- The tube is secured to the pontoon by a
clamping system.
- The Geotube® is filled with sand trough
the opening.
- During placing the tube is (partly)
supported by a slide
The concept of the continuous Geotube®
makes it possible to place a Geotube® in
deep and rough water (Figure 1). Because
the tube is filled before it is placed,
the tube is stable after placing. There are
several technical difficulties, but the two
main difficulties in the concept are:
- The stresses in the geotextile and a clamp
system to transfer the forces to the
pontoon.
- The integration between sewing of the
geotextile and filling of the tube with
sand.
Above, Geotube® units were used to outline an area
for a wetlands, creating a barrier sufficient to allow
the area to develop (Courtesy of Ten Cate).
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Figure 1. First concept of the continuous Geotube®.

MATHEMATICAL MODEL
To understand the static stresses acting in
the geotextile, a mathematical model was
made. The main simplification in the model
is that the influence of the sand particles
was neglected. The tube is filled with a
slurry with a density twice as high as the
density of water. The model describes the
shape of the Geotube® after placing as
well as the tangential and axial stresses in
the geotextile when it is placed over a slide
to the bottom. The bottom section of the
slide is modelled as a quarter of a circle
with a 5 metre radius and the top section
as straight vertical (Figure 2).
Only the bottom section is considered in
the model. This part supports the tube from
to vertical position to horizontal position.
With the stresses acting on the geotextile,
the total axial force on the clamp system
can be calculated. For 5 metre
circumference Geotube® which is filled at
5 metres above the bottom, the final height
after placing will be 1.40 metres and the
total static axial force is 85 kN.
The dynamic forces caused by external and
internal influences are difficult to describe.
A safety factor which includes an aspect for
dynamic forces is used to calculate the
required geotextile strength. A general used
value for the safety factor is 3.

FILLING AND SEWING OF THE
GEOTUBE®
The integration between the processes of
sewing and filling could not be realised
according to the CUR committee.
To guarantee the quality of the seam it is
necessary that:
- There is no tension differential between
the two edges of the geotextile.
- The working area of the sewing
equipment is free of sand and water.

These two demands cannot be
accomplished onboard a pontoon.
The whole process of fabricating and
placing the Geotube® is dependent on the
process of making the seam. To guarantee
the quality of the seam the tube has to be
pre-fabricated. A pre-fabricated tube which
is rolled up can only be filled through inlet
ports. Filling through inlet ports is not an
option for the continuous Geotube®.
The solution is to fold the tube in a special
manner, so a package with a filling opening
is formed (Figure 3). As seen in Figure 3,
the first step in the method is folding the
tube inwards from two sides, so two
parallel folds (4) are made. The size of the
filling opening is dependent on the distance
between the folds (length of 5). Hereafter
the tube is folded inwards (6) from two
sides perpendicular to the first step.
Then the first step can be repeated.
When completed, an opening remains in
the middle of the package. In Figure 3,
square section 8 is the filling opening.
The ratio between length of the Geotube®
and the thickness of the folded package
depends on the circumference of the
Geotube®, the thickness of the geotextile
and the dimensions of the filling opening.
With commonly used dimensions of
Geotubes®, the theoretical ratio ranges
between 100 and 250. For a 5 metre
circumference Geotube® of 200 kN/m
geotextile with a thickness of 3.3 mm,

Figure 2. Geotube® on the bottom section of the slide according to the computer model.
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circumference and 5.2 metre length
Geotube® (Figure 4). The size of the
opening is 0.3 by 0.3 metre and the
thickness of the geotextile 1.2 mm.
The theoretical ratio is 240, so the
calculated height of the package is 22 mm.
The measured height was also 22 mm.

CLAMP SYSTEM AND SCALE TESTS
A clamp system is needed to secure the
Geotube® to the pontoon and to lower
the Geotube® at the same time. A clamp
system with the clamp completely outside
the Geotube® has the most advantages.
The forces acting on the clamp can easily
be transferred to the pontoon and the
clamp is always accessible for maintenance.
The Geotube® is clamped on two sides
next to the filling pipe. The clamp will be
fitted with a tensioner system to get a
continuous process.
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Figure 4. Two views of the folding test
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Figure 5. Scale model of the clamp.

Scale tests were performed to determine
the maximum axial force that the clamp
can transfer and to understand the process
of placing the Geotube®.
A model of the clamp was made on a
1:5 scale. The clamp was not fitted with
tensioners but with clamping plates for
simplicity (Figure 5).
For the strength test, a 1 metre
circumference and 25 kN/m strength
Geotube® was fixed in the clamp.
The other end of the Geotube® was
clamped circular (see Figure 6). In the first
test the Geotube® tore at the circular
clamped end at a load of 12.4 kN (Figure 7).
In the following test the maximum load on

Figure 6. Two views of the strength test.

the geotextile was 19 kN; at that moment
the geotextile was about to tear again at
the circular clamped end of the Geotube®.
The tests showed that a clamp system
fixing the Geotube® on only 40 percent of
the circumference can transfer up to
75 percent of the total axial strength of the
Geotube®.

The filling height was kept at 1 metre
above the bottom. The axial force on the
clamp was measured and was equal to the
calculated static force with the model.
The calculated height of the Geotube® is
0.29 metre while the measured height of
the Geotube® varies between 0.25 and
0.29 metre.

The filling tests were carried out in a
4 metre deep basin with a 1 metre
circumference Geotube®. The tube is placed
without a slide for simplicity (Figure 8).

This variation in height is caused by the
simplification of the scale model. Because
of the clamping plates, the Geotube® has
to be lowered after every metre of placed

Figure 7. Result of strength test with 11.9 kN load (left) and 12.4 kN load (right).
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tube to loosen the clamp plates and reclamp the tube a metre higher. Hereafter
the tube is lifted again, but the decrease in
height cannot be undone. Because the
Geotube® was placed without a slide, the
curve of the tube between the vertical to
horizontal position is not circular as
presumed in the model. The shape of the
curve of the Geotube® somewhat differs
from the shape of the slide but the
difference is not significant.
Filling of the Geotube® can be done
hydraulically or mechanically. The settling
velocity of the sand particles is, partly
dependent on the influence of process
water, too low to fill the Geotube®.
When the tube is filled mechanically, as in
the scale tests, the sand will act as one
mass and will achieve a much higher
settling velocity than an individual sand
particle. During the tests this influence was
noticed in an increase of the axial force
acting on the clamp (Figure 9).
Another result of the test is that a slide is
not necessary to place a Geotube®.
The Geotube® will curve in a manner so
that an equal tension distribution will be
achieved. The place of the seam has
influence in the tension distribution in the
geotextile. The tension distribution will be
better when the seam is orientated on top
of the Geotube® after it is placed.
From the standpoint of process control, a
slide is not even desirable. Without a slide
the filling height can be determined by the
axial force. With a slide an unknown part
of the forces are transferred through the
slide, so there is no relation between axial
force and the filling height.
Figure 9. Filling test results.

STRUCTURE OF THE INSTALLATION
The structure of the installation is
determined mainly by the presence or
absence of swell compensation. When the
pontoon is positioned and the clamp is
located in the centre of mass of the
pontoon, rotation around horizontal axes
of the pontoon does not lead to vertical
translation of the clamp. Vertical translation
of the pontoon can be seen as an increase
in filling height. An increase in filling height
leads to higher axial and tangential forces
which can be taken up by the geotextile,
i.e. the geotextile acts as a swell
compensator.
As long as the rotations around the
horizontal axes of the pontoon are small
compared to the water depth, the clamp
Figure 8. Filling test.

can be fixed to the pontoon and swell
compensation does not seems to be
necessary. Gripping the package and the
manner of changing the packages also
influences the structure of the installation.
There are several options to fulfil these
tasks (Figures 10, 11 and 12).
To obtain the desired final product,
complete control of the total process of
filling and placing of the Geotube® is
required. To keep variation in the final
height of the Geotube® small, the filling
height must be kept as constant as
possible. The influence on the filling height
of the descending speed can measured
directly from the axial force, while the
influence of the filling speed can only be
measured with a delay. Therefore the
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descending speed is made slave to the
filling speed to control the process.
Between the folded Geotube® and the
clamp is a small buffer, so the supply of
Geotube® from the package may differ
from the descending speed.

Figure 10. Threedimensional model
of the installation.

CONCLUSIONS
The main conclusions from this study are:
- By folding the Geotube®, the problem of
integration of sewing the geotextile and
filling the Geotube® with sand is avoided.
- A clamp system that clamps the
Geotube® on 40 percent of the
circumference can transfer up to
75 percent of the total strength of the
Geotube®.
- The mathematical model can be used to
predict the axial force on the Geotube®
and the shape of the Geotube® on the
sea bottom with sufficient accuracy.
With the information obtained by the scale
tests and the solution for the integration
problem, a prototype test is now necessary.
For the execution of a prototype test the
following recommendations are made:
- The clamp should be placed rigidly and
without swell compensation on the
pontoon.
- Prior to the prototype test, the manner of
gripping the package Geotube® and the
supply of Geotube® to the clamp has to
be tested.

Figure 11. Schematic drawing
of the installation structure.

Figure 12. Three-dimensional
overview of placing
the continuous Geotube®.

