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The Expansion of the Belgian Zeebrugge Harbour in the Sea and the Use of the Woven 
Geotextiles 

L'expansion du port de zeebrugge en mer et I'emploi des geotextiles tisses 

The paper describes the historical need for a 
good deep-water harbour on the Belgian Coast, 
capable of handling a large turnover of high
tonnage vessels. 
The multi-billion Belgian francs programme to 
expand Zeebrugge harbour is described. 
In particular, the paper describes the 
construction principles of the outer break
waters and the integral roll of strong woven 
geotextiles in the base construction of willow 
fascine mattresses used for toe scour erosion 
prevention on the seaward side of the harbour 
breakwaters. 

1.- INTRODUCTION. 

1.1.- Historical background. 

In 1881, King Leopold 11 of Belgium 
declared : "We need a well-equipped harbour on 
our Belgian Coast, with the facility for ships 
of all tonnage to enter the harbour at any time 
of the tide. This can be achieved by the use of 
modern science and new engineering techniques. 

After lengthy discussions, the Belgian 
Parliament decided in 1895 to build a new 
coastal sea-harbour close to the city of 
Brugge, and to be know as Zeebrugge. King 
Leopold 11 inaugurated the new harbour complex 
on the 23rd July 1907. See figure 1. 

1.2.- Site location. 

The Belgian coast generally trends in a 
NE to SW direction borde ring the North Sea, and 
Zeebrugge is an industrial harbour centrally 
situated amongst a number of Belgian holiday 
resorts. 

All the beaches are sandy, with low gra
dients and are subject to the scouring action 
of waves and tidal currents. The average sea 
depth in the near vicinity of the Belgian r-oast 
is relatively shallow, being about 8 metres 
below the official low water level. However, 
the entrance channels of the Western Scheldt 
ports and Zeebrugge have been dredged to 15 
metres below low water level and are also 

Le texte decrit le besoin llistorique pour un 
port de grande profondeur sur la ciSte beIge e.l 
mesure de receptionner les cargaisons des na
vires de grande taille. 
Le programme d'expansion du port de Zeebrugge 
explique ce projet dont le coüt s'evalue a 
plusieurs milliards de francs belges. 
Le texte met surtout en evidence les principes 
de construction des grandes jetees exterieures 
et le riSle integral des geotextiles de haute 
tenacite dans l'assemblage des tapis de mer, 
employes contre l'erosion des jetees. 

linked to the north/south shipping lanes of the 
English Channel. See figure 1. 
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Figure 2.- Site location Zeebrugge in Belgium 
+ Western Scheldt Estuary. 

At Zeebrugge the tidal period is typically 
12.25 hours for a full cycle, with a tidal 
range of some 3.7 m . Normal high and low tide 
are 4.20 m and 0.50 m respectively above the 
official low water mark (Z-level). At both high 
and low water the currents are at their strong~ 
est. At the old harbour mouth, the maximum sur
race tidal currents range from 1.6 m/s at 
spring tide to 0.90 m/s at neap tide. This area 
of the coast also experiences longfetch waves 
of considerable height under normal bad 
weather conditions, and can suffer from expo
sure to extremely severe seas during exception
al storm conditions. Typical bad weather and 
storm occurred in 1980 : the height of the 
waves was 3.50 m for a Beaufort scale of 8 and 
sometimes 9. In some conditions (spring acting 
together with a NW-wind at high water) wave 
height can increase to 6m. Even within the new 
breakwaters, model tests indicate that internal
ly refracted wave heights may be expected to 
be 1.40 m to 1.90 m high. 

2.- DESCRIPTION OF THE HARBOUR DEVELOPMENT 
SCHEME. 

2.1 .- Planned Expansion Programme. 

As the old Zeebrugge harbour lay-out and 
the depth of the outer harbour area proved to 
be inadequate to receive the ever-increasing 
number of larger ships ·, the Belgian Government 
decided in 1970 to expand the port of Zeebrugge 
by building new outer harbour breakwaters and 
in-harbour docking and service facilities. In 
1976, the work was placed with a specially 
formed consortium called "Zeebouw-Zeezand" on 
the basis of a "frame" contract mutually agreed 
with the Belgian Government. This project is 
still under construction and costing many 
billions of Belgian Francs, comprises : 

a) the construction of a major sea-Iock for 
shlp~ of 125.000 tonnes deadweight, linking 
the new outer harbour and the old inner 
harbour. 

b) the seaward construction of a tidal yet 
protected outer harbour having a surface area 
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of some 1200 ha (2.965 acres) .-This is achieved 
by the construction of two rubblemound break
waters on both sides of a dredged access chan
nel. The two breakwaters extend into the sea 
more than 1750 m. (1913 yards) beyond the exist
ing mole and comprise : 

i) the eastern outer breakwater, 
2.970 m (3.248 yards) long; 

ii) the western outer breakwater, 
4.400 m (4.811 yards) long. 

c) the construction and equipping of a new 
inner port with a docking space of approx. 
1000 ha (2471 acres) with a minimum waterdepth 
of 17.50 m (19.10 yards) below low water level. 

2.2.- Sea bed soil conditions. 

The nature of the sea bed in Zeebrugge 
area is very complex owing to the heterogeneous 
composition and unpredictable bedding of the 
various soils present. In order to evaluate ac
curately the foundation conditions, a compre
hensive general soil investigation programme 
was initiated in September 1976 and is still 
being continued to provide updated information 
for construction purposes. 
Owing to the extremely soft nature of the soils 
revealed by the site investigation programme, 
it was decided that the breakwaters could not 
be constructed directly on to the sea bed. 
Therefore a 150 m wide trench was dredged down 
to firm soil along the base line of both break
waters. The trenches were refilled with good 
quality sea sand and gravel and, where necessary, 
the dumped sand was densified by vibration to 
form a firm foundation zone for the construction 
of the breakwaters. 

2.3 .- The construction of the outer harbour and 
the main breakwaters. 

The main breakwaters have been designed 
with several different cross-sections, depending 
upon the distance out to sea and differing from 
east to west. 

Figure 3. - Lay-out of the new project. 
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21 •. 3. - The root sectien ef the Eastern 
Brea!l:w<ater. 

This starts on the beach and is partly con
structed in shallow water. On the seaward side, 
alSO m wide sand core forms the first part of 
the eastern breakwater. 
In order to prevent erosion taking place at the 
toe of the breakwater s10pe, a geotextile 
willow-fascine mattress was designed and speci
fied to be laid on the sea floor in advance 
of the breakwater construction. Owing to the 
proximity to the shore, a lighter-gauge woven 
geotextile was specified for this section, 
since extremely arduous conditions were not 
expected. See figure 4. 

2.3.2.- The root section of the western 
breakwater. 

This section was to be built irnrnediately adja
cent to a sandy be ach used for arnrnenity purpo
ses by adjoining holiday resorts. Consequently, 
considerable emphasis was placed on the aesthe
tic appearance of the root section of the break
water at this point. The cross-section for this 
first 500 m out from the sea-front comprises a 
core of sand, brick debris and quarry run over
laid by larger quarry material varying from 
200 to 300 kg which was in turn overlaid by a 
smooth concrete facing revetment at a slope of 
26°. See figure 5. 

2.3.3.- The outer Harbour Breakwaters. 

In order to protect against toe scour, a large 
wave breakil)g carpet was specified to be con" 
structed towards the seaward end of both break
waters wherever the sea bed was between 2.50 m 
and 7 m below low water level. The scour pro
tection mattress was designed to be geotextile 
based, constructed primarily of willow fascine 
and overlaid by quarrystone layers extending 
right up to 3000 ~ 6000-kg rocks of the toe 
slopes. The outer armour protecting the core 
has a slope of 34° and on top of this the head 
of the breakwater is filled with heavy quarry 
stones weighing between 1000 and 3000 kg. The 
outsides of the breakwaters are covered with 
concrete cube armour units weighing 30.000 kg 
with a concrete density of 2.300 kg!m3. The 
crest elevation is 13 m above low water level. 

The seaward section of the eastern breakwater 
beyond the root section is approx. 2000 m long. 
The western outer breakwater will be 4.400 m. 
long and will be sand-filled internally to 
form the construction background for two major 
docks. See figure 6. 

3.- THE ROLE OF THE WOVEN GEOTEXTILES IN THE 
DESIGN AND CONSTRUCTION OF THE BREAKWATERS. 

3.1. - The functions of the geotextile. 

3.1.1.- Separation. 

Anyone who has walked along a beach bare foot 
and has stood on the sand in moving water, 
will have experienced the fact that his feet 
will sink down and become slowly covered with 
sand. The same happens to stones and even 
large quarry blocks if laid directly upon the 
sand surface without aseparation layer. The 
reason is simple : when water is forced around 
asolid object, its velocity is necessarily 
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incr.eased and it therefore picks up particles 
preferentially in the vicinity of the body in 
question . As particles are removed from ·the 
base of the obstructing body, then instability 
results and settlement takes place. 
Since the advent of geotextiles, several wave 
hreaking causeways have been constructed on 
sandy beaches with WOV$n geotextiles used as 
separation layers. The~e have already improved 
to be effective, even after severe storms have 
attacked the overlying layers of quarrystone. 

In the case of large sized breakwaters construct
ed far out to sea, it was considered almost 
impossible to.create a solid base for the con
struction without the use of aseparation sheet 
assernbled with willow-fascines. The main role 
of the geotextile in this application is to 
separate two different solid materials, viz. 
the layerof quarry blocks from the weaker sand 
foundation layer. Of course, the fabric must be 
strong enough not to tear under the weight and 
point loads generated by the overlyi1l9 J.ayer of 
quarry stones. 

3.1.2. - Filtration. 

Since both wave action and tidal action will 
doubtless generate hydraulic pressure gradients 
within the sand foundation layer, it is reason
able to assume that water ingress from time to 
time takes place outward fram the newly con
structed sea bed into the overlying boulder 
layer . In this instance, the geotextile fabric 
will also per form a filtering function and 
will ~l.1.thhold the sand particles preventing them 
from being washed upwards and picked up by any 
current action . IUthout a geotextile, the 
erosion of the foundat.1.on sand beneath the 
quarrystone layer would rapidly result in the 
collapse of the causeway toe zone. 

3.2.- Design specifications. 

3.2.1.- Geotextile specification. 

"The fabric will be assernbled in the form of a 
willow-fascine mattress; it will be used as a 
separation sheet and must be strong enough to 
resist : 
a) the pulling out to sea (consequently needing 
a higher tensile strength lengthwise); 
b) tensile stretching between two pontoons 
before the sinking operation; 
c) the dumping of two layers of quarry rocks, 
with the first layer comprising rocks of 20 to 
80 kg. at a placing density of 400 kg!m2 and 
the second layer comprising quarry rocks of 80 
to 300 kg at a placing density of 600 kg!m2. 
The overall thickness of the rock layer will be 
about 1 m. 

Under tensile stress, the elongation of the 
fabric may not be too high, in order that the 
fabric should not become open and loose its 
effective sand tightness. On the other hand, 
there must be sufficient elongation to allow the 
fabric to follow any irregularites on the sand 
foundation layer. 

Water permeability is not critical ~n th~s 
application ... 
On the basis of the above comments, and the 
detailed specif~cations in the tender, a 
geotextile was produced with the following 
characteristics : 
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Figure 4. - Cross section of the eastern breakwater. 
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Figure 5. - Cross section of the western breakwater. 
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Figure 6. - Cross section of the main outer breakwaters. 
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1 . -
2.-
3.-
4.-

5.-
6.-

7.-

a plain weave woven textile, 
raw material polyester, 
yarn type multi-filament, 
tensile strength warp approx. 
196 kN/m and weft approx. 98 kN/m. 
weight of the fabric 550 gr/m2. 
elongation at break in both direct
ions minimum 15 %, 
Pore size distribution 0gO = 
80 microns. 
(specified as max. 130 microns 
requirement) • 

3.2.2.- Willow fascine mattress specifications. 

" The fascines are to be assembled with twigs 
of willow, oak, bireh, ash, maple or hazel. 
The dia~eter of the individual bundles is to 
be approx. 13 cm. The length must be related 
to the length and the width of the proposed 
mattress (viz. 50 m x 30m respect.). 
The faseines are to be tied to the geotextile 
fabrie at distances of 1 m x 1 m square and 
will generally be in three layers depending on 
the detailed eonstruction of the breakwater. 

See photographs 1 and 2. 

r 

Photograph 1 - First layer of fascines. 
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Photograph 2 - Faseines and bush bundles. 

3.3. - The funetion of the willow-faseine 
mattress. 

Along nearly the entire eonstruetion length 
of the breakwater, toe seour proteetion is 
effeeted by the presenee of the geotextile 
fabric separation layer. Beeause of the diffi
eulty which would be experieneed in attempting 
to lay that fabric under exposed marine eondi
tions, it was deeided that it would be essen
tial to eombine the fabrie with a willow fas
eine mattress. Overall, there were three main 
reasons for this deeision : 

a) the willow faseines, fixed to the fabric in 
the form of a large grid, would keep the fabrie 
stretehed so that it eould be sunk to form the 
separation earpet in exaetly the design loca
tion 

b) between the fascine bundles which form the 
grid, bushes of willow twigs are placed to fill 
the intervening spaces tc a thickness of about 
0.50 m. The purpose of the willow twigs is to 
break the fall of the dumped quarry blocks and 
prevent damage of the geotextile fabrie. Also, 
the weight of the overlying rock layer eauses 
the lower rocks to bed into the willow bushes 
and provides sUbstantially enhaneed lateral 
stability to the rock layer. 

c) the willow-fascines and bush bundles, being 
naturally buoyant, assist in the floating pro
cess of towing the assembled mattress out to 
sea to the required sinking position . 
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3.~.- The make-up of a willow fascine mattress. 

The mattresses are assembled in the immediate 
vicinity of the breakwater construction. They 
are assembled on the sloping beach within the 
tidal range so that at high water the mattress 
may be easily floated by a tug boat, and may be 
pulled into the water for towing to its requir
ed s in!ting pos i tion . 

In accordance with the design specifications, 
ennh fahric must have the following dimensions 

width 30 m length 55 m 
total weight approx. 900 kg. 
total area approx. 1650 m2. 

For easier manipulation on site, three widths 
of fahric were sewn together in the weaving 
mill into a single 15 m wide roll, each piece 
therefore weighing approx. 450 kg. Two 15 m. 
wide pieces were sewn together on site to form 
the final 30 m x55 m long assembly. A first row 
of willow fascine bundles is fixed lengthwise 
to the fahric. The spaces between this single 
direction fascine assembly are then filled up 
with bush bundles. A second layer of willow 
fascine bundles is then fixed on top of the 
first layer and over the earlier bush bundles 
but now at right angles (widthways) to the 
first layer. The openings between these width
ways running fascines are now filled up with 
bush bundles also. Finally, a third layer of 
fascines and bush bundles are laid and fastened 
to the lower layers, bringing the total thick
ness of the mattress up to approx. 0.50 m and 
the total weight of the mattress to approx. 
50 tonnes. 

3.5. - The procedure for sinking the mattress. 

Mattress sinking is undertaken only under calm 
sea conditions when the tidal currents are at 
their we&kOtlt • Prior to the fascine mattress 
being tu~ged to sea, two specially-adapted 
pontoons are moored over the designed sinking 
site. 

, 

Sea bed 

Stretchi~g pontoons 

55 m. 

Willow - fascine 
mattress 

\ 
\ 

, 

Dredged trench 

filled up with seasand 

~, 

Figure 7- Moored pontoons + stretched 
willow-fascine mattress. 
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The fascine mattress is then attached to the 
two pontoons and stretched out between them. At 
eAch end of the fascine mattress, adjacent to 
the pontoons, are hollow steel tubes, and the 
steel tube on one side of the mattress is lower
ed by retaining wires on to the sea bed. A 
specially~dapted barge with a sloping and vi
bratahle upper deck, IQaued with appropriate 
quarry stones, is brou~t into position over 
the fascine mattress. The rocks are then gradu
ally tipped over the side of the barge as it is 
pUlled over the rr.at~~ess towards the second 
pont06n. The barge returns several times and 
continues dumping quarry blocks until a thick 
layer has been' achieved. The first layer of 
stone ranges from 20 to 80 kg stone weight and 
is placed at a rate of 400 kgjm2. Heavier stones 
80 to 300 kg are placed on top in a second layer 
at a density of 600 kgjm2. See figure 8. 

Sea bed 

Stretching pontoons 
stone 

dumping barge 

filled up with seasand 

Figure 8 - The sinking of the mattress. 

- " 

~o avoid erosion taking place beneath the 
breakwater during its construction, the con. -
struction of the fascine mattress and its over
lying layer of stones is undertaken weIl in 
advance of the main causeway construction. 
Finally, the main breakwater core is construct~ 
ed adjacent to the fascine mattress and the 
outer armour layers of the breakwater overlap 
on to the rock and fascine mattress structure 
described above. 
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