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PLACING OF GEOTEXTILES IN DEEP WATER 

MISE EN OEUVRE OE GEOTEXTILES EN EAU PROFONDE 

DAS VERLEGEN VON GEOTEXTILIEN IN TIEFEM WASSER 

The placing of geotextiles in deeper waters under 
rough circlmIstances is a difficult task with re
spect to accuracy and quality. Reason why, for 
structures foundated in deep water, often i9 deci
ded for other more expensive constructions. 

'Ihis paper decribes the experience with several 
systems to place geotextile in deep water. 
Elnphasis is laid on accuracy and quality to be 
gained with these systems. 
'Ihe conclusion is that there are no restrietions 
with respect to designing with geotextiles in 
these circlmIstances provided that enough attention 
is paid to the execution method. 

Das Verlegen von Geotextilien im tiefen Wasser, 
ist sehr schwierig in Bezug auf Genauigkeit und 
Qualität, unter schlechten Bedingungen. 
Deshalb werden für Konstruktionen im tiefen Wasser 
meistens andere und teuere Lösungen gewählt. 

In diesem Rapport wird über Erfahrungen mit ver
schiedenen Systemen berichtet. 
Insbesondere wird die Genauigkeit und Qualität des 
Verlegens betrachtet. 

Die Schlussfolgerung ist, dass bei der Planung für 
zu verarbeitende Geotextilien keinerlei Hinder
nisse bestehen, wenn der AusfÜhrungsmethode genü
gend Aufmerksamkeit gewidmet wird. 

1. IBTRODUC'l'IOH 2. TIIE USE OP GEO'rEXTILES AS FILTER FABRICS 

In present marine engineering geotextiles have ta
ken a legitimate place between the several con
struction materials. 

In this field they are mainly used as filterfabric 
in bottom and bankprotection structures. 

1\n increasing area of applications is the use of 
geotextiles as soilreinforcement in order to in
crease geotechnical stability of a structure based 
on a poor subsoil. 

Both applications have proven to lead to a 
considerable reduction of construction material 
and as result to be cost effective. 

However, the uSe of geotextiles in this kind of 
structures often is neglected because of the fact 
that placing of geotextiles in deeper water, under 
rough circlmIstances in relation with waves and 
currents, cannot be executed by divers or standard 
equipment, and because of the fact that a required 
accuracy often cannot be obtained. 

In the past several methods are developed in order 
to overcome the problems with respect to the pla
cing of geotextiles in deep water and in rough 
circumstances. 
With these methods the designing engineer has the 
opportunity to use geotextiles in marine struc
tures where accurate placing of geotextiles is 
difficult. These methods give an increasing field 
in the application of geotextiles. 
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Geotextiles are often used as filter fabrics in 
bottom and bank protections (figure 2.1). 
Traditionally filter constructions are made of 
several layers of granular materials varying from 
very fine at the bottom to coarse at the surface. 

Figure 2.1. Use of geotextile as filter fabric 

'Ihese filter layers of granular material can be 
replaced by geotextiles which is often a more 
economical solution because of the reduction of 
construction material. (figure 2.2) Especially 
when- structures have to be built in a dredged 
trench because of the required construction 
height, the use of a geotextile, which minimizes 
the layer thickness of the filter construction 
takes advantage. 
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Figure 2.2. Filter constructions: 
1. granular filter construction by 

crane 
2. granular filter construction by 

side stone-dump1ng vessel 
3. f1lter construction us1ng geotex

tUe 

When us1ng geotextiles in these appl1cat10ns one 
has to know for sure that: 

the geotextile 1s right in place and will not 
be shifted because of current velocit1es im
mediately after placing 
overlapping fabric is of sufficient dimensions 
sides and edges are weIl stretched on the bot
tom. 

It is extremely important for the safety of the 
structure to meet these requirements and it has to 
be controlled well during the execution stage. 
Ouring the design stage a critical evaluation of 
placing methods has to take place in order to 
prevent disappointments during execution. 

3. THE USE OP Gl!IOTEXTlLES AS REINPORCIRG PABRICS 

The application of reinforcing fabrics in marine 
engineering often takes advantage in breakwaters 
or reclamation bunds constructed on a poor sub
soil. (figure 3.1) 

-
Figure 3.1. 

Soft subsoil 

Use of geotextile as fabric rein
forcement 

Improvement of the subsoil by compaction, vertical 
drainage or replacement, is no longer required, 
when using reinforcing fabrics, and sometimes 
slopes can be eonstructed steeper which saves a 
considerable amount of construction material. 

In many cases the reinforcing fabrie can be used 
together with a filter function for the same geo
textile or in a camposite construction. 
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Using reinforcing fabric, execution is even more 
important than in the appUcation as filter f a
bric, because of the fact that a poor execution 
method can result in a total geotechnical failure 
of the structure. 

4. GEHBRAL OONSIDERATIOHS Ml'l'H RESPBCT TI) THE PLACING 

OP GI!IOTEXTILES 

Normally geotextiles can be plaeed by divers and 
standard equipment. However, below a certain 
waterdepth it is not possible to place geotextiles 
that way because of the influence of waves, 
current velocities, visibility, etc. 
In such circumstanees the degree of difficulty 
increases considerable. By using these simple 
methods the quality of the construction can no 
longer be guaranteed. 

The application of geotextiles then requires 
special attention with respect to the properties 
of the geotextiles, the possibility of quality 
control after placing and the difference between 
the acceptable tolerances and the practical dimen
sional stability during execution. 

Properties of the geotextile 

Oue to the 1nteraction between geotextile, cur
re nt and wave-act10n, extreme forces can occur 
during the placing proeedure. So tens1le 
strength, tear1ng resistance and a limited 
elongation are of importance. Normally the 
non-wovens are less suitable for this purpose 
and heavy woven fabrics are preferred in order 
to prevent as much as possible changes in 
length and width, because of elongation and 
contraction, after placing. 

QuaUty control 

After placing, the geotextile will normally di
rectly be covered by a ballast layer of stones 
to secure the position on the bottom • That 
means that after plac1ng there 1s nearly no 
possibility to control the fabric on tearing, 
folding, etc. It is also difficult to control 
the dimensions on the bot tom and the accuracy 
in positioning. In order to prevent these kind 
of faults it is necessary to come up with a 
placing system where quality control can be 
done before placing as much as possible. 

Accuracy of placing 

It shall be clear that each system used for 
placing of geotext11es on deep water shall have 
a positioning system and a placing procedure 
which can fit the requirements of accuracy. The 
designer has to take into account the difficul
ti es with these aspects in designing overlaps 
and boarders of the area to be covered. 

Types of mattresses 

There are several methods to place geotextiles 
in deep water. They can roughly -be divided in 
two categories. 
The first category consists of mattresses with 
loose ballast material. The second category 
consists of mattresses with fixed ballast mate
rial. 
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5. SINKING IEl'IIOO FOR MTTRESSES UTB LOOSE BALLAST 

MATERIAL 

5.1 System 

The onshore prepared mattress is set afloat by 
me ans of a tugboat. On both ends of the mattresses 
a sinking tube is fixed. These are floating hollow 
tubes with the ability to be ballasted with water. 
One of the sinking tubes is fixed to the adjusting 
pontoon. The other sinking tube is fixed to a side 
stone-dumping vessel . 
This combination is sailed to the location by 
means of tugboat assistance. The tug is also 
needed to bring out the anchors of the pontoon and 
the vessel. By means of anchors and winches the 
system is able to get into the right position. 
(phase 1) 
Then the sinking tube is lowered from the side 
stone-dumping vessel. It is prefe rable to sink 
this beam at the slack water period. If this is 
not possible it can be necessary to anchor this 
beam also. (phase 2) 

Oue to the current the mattress is pushed down on 
the bottan. In the meantime the side stone-dumping 
vessel starts dumping of ballast material. This 
ballast material consists of gravel or light 
stones (10-80 kg). The required amount is in order 
of 150 to 200 kg/m2• 
By controlled shifting of the side stone-dumping 
vessel a uniform layer of stones can be dumped on 
the mattress. 

Meanwhile the adjusting pontoon keeps the mattress 
in the right position and under the right tension 
by lowering the second sinking tube (phase 3). 
After having finished the dumping operation the 
position of the sinking tubes i s measured in order 
to control the accuracy in positioning of the 
mattress. The two sinking tubes are recovered by 
disconnecting them from the mattress and lifting 
them by me ans of winches and derricks. (phase 4) 
Next to the sinking operation additional and usual 
heavier stones are dumped on the mattress. 

5.2 General 

This method was developed in The Netherlands du
ring the sixties and has been applied many years 
successfully by Outch contractors mainly. It can 
be used both in still and running water. 
In running water attention should be paid to the 
current direction. The proceeding of the sinking 
operation should be in the same direction as the 
c urrent. Especially if the mattresses becane rela
tively long (longer than approx. 60 m) The maximum 
current velocity , in which this system can still 
be applied, is approximately 1 m/s. 

The width of the mattress may vary between 15 and 
30 m. The length between 20 and 100 m. 
An eXimlple of application of this system in deep 
water is the Anglesey-project (UK). At a depth of 
approx. 35 m 130,000 sq.m. of mattress were sun
ken down to protect three parallel pipelines ( see 
chapter 7). 
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Fiqure 5 .1. Sinking of a mattress with loose 

ballast material 

5.3 Forces actin<} on the qeotextile due to currents 

Forces acting on the geotextile as a result of 
currents are often underestimated. 
There are two different situations in which forces 
act on the geotextile. 
First of all forces are considered during floating 
transport of the mattress. 
Secondly forces during the sinking operation are 
treated. 

D.J.ring transport the mattress floats in a spread 
out position on the watersurface. If there is a 
difference between the velocity of the mattress 
canpared with the current velocity of the water, 
there will be a friction force acting on the mat
tress. (fig. 5.3.1) 
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- -Friction 
-

Figure 5.3.1 - Forces on a mattress during transport 

This friction force can be calculated using a 
well-known friction formula: 

"C to 9 u 2 I C2 

in which: 

"t: 

f' 
9 
u 

C 

shearstress 
specific density of water 
acceleration of gravity 
velocity 
Chezy-coefficient 

(N/m2 ) 
(kg/m3 ) 
(m/s 2) 
(mLsl 
(m1/2 /s) 

Now the total force F acting on the mattress can 
be determined: 

F 

with: 

F 

A 

A 

total force 
surface area 

(N) 

(m2) 

During the sinking operation other forces act on 
the mattress. Instead of friction forces now cur
rent pressures play an important role. (fig. 
5.3.2) It is possible to minimize these forces by 
sinking the mattress in the slack water period. 
However, this method can only be applied in tidal 
areas. In the upper regions of rivers f.i. the 
current i8 always in one direction. In case of ac
ting currents the mattress should be sunken in the 
current direction. 

The acting forces can be determined using: 

F 1/2 E' u 2 A Cd 

in which: 

F 

e 
A 

acting force on the mattress (N) 
specific density of water (kg/m3 ) 
area of the mattress crossing 
the current zone (m2 ) 

current velocity 
Drag-coefficient 

(m/s) 

Figure 5.3.2 - Forces on a mattress during sinking 
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SINltDIG JE'l'HODS P'OR MP.T'l'RESSES WITH PlXED BALLAST 
MATERIAL 

6. 1 Roll pontoon 
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System 

This sytem consists of a floating hoisting-frame 
from which the roll pontoon can be lowered down on 
the seabottom. The roll pontoon consists of a loa
ding deck with on both sides long cylinders. With 
these cylinders the pontoon can be moved over the 
seabottom (figure 6.1.1.) 

8.00 m 

Figure 6.1.1 - Roll pontoon 

In the harbour a certain amount of geotextile is 
placed on the pontoon from some big reels. Before 
sinking starts the geotextile is ballasted by 
means of filling transverse integrated tubes with 
sand. The fill installation is at one side of the 
floating frame. It consists of a sand stockpile 
from which a sand-water-mixture is pumped into the 
t ubes. The water disappears and the sand r emains 
in the tube. On the other side of the floating 
pontoon some winches are installed. By means of 
these winches the roll pontoon can be lowered down 
to the bott an • (f igure 6. 1.2.; phase 1). In the 
meantime the big cylinders are ballasted with 
water. Being in the right position the mattress is 
unbolted by heaving the cross-bar. By pulling the 
roll pontoon forward the front cylinder moves over 
the mattress, unfolding it from the pontoon and 
laying it on the bottam. (fig. 6.1.2.; phase 2) 
After the mattress has been placed the pontoon is 
lifted up again (figure 6.1.2; phase 3) 

General ----
This system is independent of the current direc
tion. The mattress is simply placed in the same 
direction in which the pontoon is pulled forward. 
The weight of the sandtubes is just enough to keep 
the mattress on the bottom. After the laying 
operation has been finished the mattress should be 
covered by an additional layer of gravel or 
stones. 
The loading capacity of the roll pontoon is about 
20 tons. Tubes are f ixed on the mattress every 
60 cm. The width of the mattress is approx. 
17.25 m. The length can be in the order of 100 m. 
This method has been applied in 1960 in the 
'Veersche Gat' in the south western part of The 

Netherlands. At a depth of approx. 14 m a total 
amount of 335 x 80 m was placed. 
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Figure 6.1.2 - Placing of a mattress by means of a 
roll pontoon 

6.2 Crane and spreader bar 

System 

Sinking of mattresses by means of a crane and a 
spreader bar is a very simple method. Only 
mattresses with fixed ballast such as concrete 
blocks 0, sandtubes can be placed by this method. 
The mattresses are prefabricated onshore and 
transported to a harbour by trucks. For this 
reason their width is limited to approx. 2.5 m 
only. 
The mattresses are loaded on a crane pontoon or 
vessel. When the vessel arrives at the location 
its position can be fixed by means of anchors. A 
mattress is fixed to the spreader bar and lowered 
down to the bot tom by means of the crane. The 
spreader bar is disconnected mechanically and is 
ready for the next mattress. 

General 

This method is used very often to place mattresses 
on bank protections. Further this method is used 
sometimes in deep water by the offshore industry 
to protect pipelines. 
The system is very sensitive for currents and 
should therefore be used at slack water only. To 
increase the accuracy of placing on deep water, 
diver assistance is desirable. 
The maximum length of the mattress is about 20 m 
depending on crane capacity and mattress weight. 
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Figure 6.2. 

6. 3 RlLLSYSTEII! 
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Crane and spreader bar 

From these systems several examples are described 
in (1) and (2) such as the fixstone mattress, the 
blockmattress and the filtermattress. All these 
systems have the same principle: 

Onshore or on a pontoon ballast material, like 
concrete blocks, asphalt, gravel bags, etc., are 
firmly connected to a geotextile. 
The constructed mattress is rolled on a floating 
drum and transported to a pontoon. By unwinding 
the drum the mattress is placed on the bottom. 
These kinds of systems have been very successfull 
in terms of quality and accuracy. The systern looks 
to be economic as soon as the area to be covered 
has an extend of 250,000 m2 or more. 

The detailed design of the geotextile, the ballast 
material and the connection of the ballast mate
rial to the geotextile depends on the local cir
cumstances. 

Figure 6.3. Rollsystem 
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7. CASE STUDY 

The Anglesey project: the use of geotextiles for 
stabilization purposes. 

Shell UK Ltd. was having problems with scour on 
three 1.2 m pipelines and a control cable, which 
ran from the beach to a single point mooring of 
Almwch, Wales in England. 

The solution of ACZ Marine Contractors B.V. to the 
scourproblem was to protect the pipelines and 
cables with a combination of granular fill, a 
heavy geotextile and armour rock. 

In comparison with solutions without geotextiles 
the mattress has some striking advantages: 

deformation of the seabed can easily be fol
lowed by the flexible mattress without desinte
gration of the protection 
excessive morphological changes in bottomlevel 
at both sides of the protection due to scour, 
sand and mud ... aves can easily be followed by the 
mattress resulting in an equilibrium situation. 

Circumstances in the area were rather rough: 

waterdepth 
current velocity 
waves and swell 

35 m 
up to 2 rn/s 
up to 3 rn 

The covering of the area of 130,000 m2 was done by 
the system described in chapter 5.1. 
The dimensions of the mattresses were 30 x 70 m. 
Quality control and accuracy were carefully 
monitored to the full satisfaction of the client. 

Figure 7.1. Sinking of a mattress by rneans of two 
pontoons and a side stone-dumping 
vessel 
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