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Port of Zeebrugge: Upgrading the Brittannia Dock 
by L. Missinne 1and L. Van Damme2 

ABSTRACT 
The Flemish authority started with the upgrading of the Brittannia Dock in the port of Zeebrugge. The 
Brittannia Dock was the first dock that was constructed (the “working harbour”) during the construction 
of the new outer harbour of Zeebrugge and as a result of this historical background, the bottom depth 
in the Brittannia Dock is at TAW -5, which is no longer sufficient to receive today’s vessels. So the 
upgrading of this port area was needed. The upgrading of the Brittannia Dock consists of three 
phases. In the first phase, a new rubble mound breakwater is built over the full width of the dock. In 
the second phase the lake that exists after the construction of the new breakwater will be filled up and 
in the third phase a new commercial jetty will be built parallel to the breakwater at the northern side. 
So in the future, two vessels (type Humbermax) will be able to moor at the same time in the remaining 
part of the Brittannia dock.  

1. INTRODUCTION: SOME HISTORICAL BACKGROUND OF THE PORT OF 
ZEEBRUGGE 

The port of Bruges had known an exceptional growth during the late Middle Ages but with the silting 
up of the Zwin the downfall started.  

It was just in the last decade of the 19th century, under the impulse of King Leopold II, that the Belgian 
parliament took the decision to build a new full-fledged seaport in Bruges at sea, or Zeebrugge.  

Until 1960 the port stayed almost unchanged. With exception of the repair due to war damage, no big 
infrastructural works were carried out. In 1960, for the first time a global program was drafted to make 
the port of Zeebrugge accessible for ships of 50000 dwt at high tide and for ships of 35000 dwt without 
tidal restrictions.  

In 1970 another important decision was taken concerning the port of Zeebrugge. As a consequence of 
the report of the “commission Verschave” it was decided to build out the port of Zeebrugge to a 
polyvalent deep-sea-port. As a first phase a new sea lock was constructed for ships of 125000 dwt, 
the inner harbour of 1300 ha was constructed and a kind of seawarded extension of the harbour dams 
was carried out to improve the access to the new sea lock.  

In 1976 the decision was taken to build a complete outer harbour surrounded by high breakwaters.  

During the construction of the new outer harbour a lot of materials, as sea sand, sea gravel, stones 
and concrete blocks were used. To process these materials, different kind of vessels (working vessels, 
hoppers, jack-up platforms,…) were needed. These vessels needed a protected water area for the 
transfer of the different materials and as shelter during stormy weather.  

Within the existing port area there wasn’t enough protected water area for transfer and shelter. So in a 
first phase a “working harbour” had to be constructed, with two important functions: transfer and 
eventually storage of materials and protection of all the vessels. This working harbour is now better 
known as the Brittannia Dock.   

2. THE BRITTANNIA DOCK 
After studying different alternatives, the location and the configuration for the Brittannia Dock was 
chosen as shown in Figure 1 and Figure 2. Between the borders of the Brittannia Dock about 16 ha of 
water area and about 12 ha of terminal grounds are available.  
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Figure 1: The Brittannia Dock used for handling RoRo-cargo and cars 
 

 
 

Figure 2: Map of the port of Zeebrugge 
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The quay wall in the south of the Brittannia dock has a length of 530 m and is equipped with a small 
dock which was used for the loading of working vessels during construction of the outer harbour. The 
wave climate in front of the quay wall is about 25 % of the climate outside the dock. The tests to check 
this wave climate were carried out on the wave diffraction model at Flanders Hydraulics in Antwerp. 
For the construction of the dikes in the Brittannia Dock, dikes under slope were preferred above dikes 
constructed with caissons because the underground in Zeebrugge is very sensitive for settlements.  

Within the type of dikes under slope, two alternatives were investigated: rubble mound breakwaters 
and sand asphalt breakwaters. Finally, this last type was chosen based on the cost benefit analysis. 
The dikes were constructed on the original underground but under the northern dike an important 
ground improvement was carried out.  

Today the Brittannia Dock is used for handling RoRo-cargo and new cars by Cobelfret. In 2008 the 
following cargo was handled:  

• RoRo-cargo (road haulage units, rhu): 464.821 rhu, 1379 vessels were handled at the 
terminal.  

• Cars: 412.702  

The evolution of processed tonnage is showed in Table 1. This table shows the steep increase of the 
tonnage during the last 4 years.  
�
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Table 1: evolution of the processed tonnage in the Brittannia Dock 

The maximum dimensions of the vessels to be handled in the Brittania Dock are: 

• Length: 203 m 

• Width: 32.9 m 

• Draught: 7.8 m 

The total terminal surface is 21.2 ha. The terminal efficiency for roro-cargo operations in 2008 
amounts to 21.926 rhu/ha which is up to twice as high as the average in the port of Zeebrugge. This 
leads to the fact that the terminal currently operates over the maximum efficient capacity. Additional 
cargo handling will lead to congestion effects on the terminal and connecting harbor road and will 
make operational changes necessary, leading to higher cargo handling costs.  

Although the terminal has 6 quays and 4 berths, only 3 berths can be used efficiently and safely for 
RoRo-cargo handling. This is a consequence of the historical background of the Brittannia Dock, as 
the working harbour: the bottom depth in the biggest part of the dock is at Z-5 and is no longer 
sufficient to receive today’s vessels. So a redesign or upgrade of this port area is needed.  

This upgrade is carried out by the Flemish authority and the Port Authority Bruges-Zeebrugge. The 
upgrade consists of three phases: first, a new rubble mound breakwater is constructed over the full 
width of the Brittannia Dock to cut of a part of the Brittannia Dock. This phase started in March 2008 
and will be finished in 2010.  

In a second phase, the “lake” that exists after the construction of the breakwater will be filled up.  This 
results in an extension of the terminal with about 10.4 ha. In the last phase a second commercial jetty 
will be constructed parallel to the new breakwater at the northern side. So in the future, two vessels 
(type Humbermax) will be able to moor at the same time in the remaining part of the Brittannia Dock. 
Phase 1 and 2 are paid integral by the Flemish authority. Phase 3 is paid for 80% by the Port Authority 
and for 20% by the Flemish Authority.   

The project of the redesign of the Brittannia Dock will have a positive impact on the operational 
efficiency of the terminal, leading to both cost savings and increasing capacity of the terminal.  
 



VI th Argentine Congress of Port Engineering 2010 

 4 of  13   

3. CONSTRUCTION OF A WORKING AREA 
As during construction of the new rubble mound breakwater, the existing terminal remains in 
operation, a working area in the SW-corner of the dock (see Figure 3) was constructed to create some 
space for the storage of materials.  
 

 
 

Figure 3: Working area 

For the construction of this working area geocontainers were used. A geocontainer consists of a 
geotextile which is unrolled with care in a split barge. Then the split barge is filled with sand and the 
geotextile is sewed up and reinforced with rope ties. Finally the split barge is positioned and the 
geocontainer is dumped. By constructing the working area in that way the slope under water could be 
made steeper (theoretically ½ instead of 1/7 without geocontainers) so less sand was needed for 
construction of the working area. The making of a geocontainer is shown in Figure 4, Figure 5, Figure 6 
and Figure 7. The average volume of one geocontainer is about 270 m³. In total 24 geocontainers were 
used.  

The use of geocontainers was a test case to see how easy or difficult it is to handle these 
geocontainers. The aim was to see if geocontainers can be used in the future in the core of new 
breakwaters instead of more expensive stones.  

In total about 47.000 m³ of sand was needed for the construction of this working area. The sand came 
from the Albert II-dock in the outer harbour of Zeebrugge. This sand was dumped on the new built 
quay walls at the Albert II-dock when the ground in front of this quay walls was dredged. It was 
transported over the road during the night to minimize the influence on the traffic in the port.   

The total surface of the working area is about 3600 m². The working area is mainly used for storage of 
materials.  

 

 
 

Figure 4: geocontainer is brought to the split barge 

 
 
Figure 5: Geocontainer is sewed up 
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Figure 6: geocontainer is reinforced with rope ties 

 
 

Figure 7: geocontainer ready for dumping 
 

4. DESIGN AND CONSTRUCTION OF THE NEW BREAKWATER 
The new breakwater is a typical rubble mound breakwater with a core of stones 2-300 kg and a 
covering layer of stones 300-1000 kg. The top level is at +8 m TAW. 

In the first part of the breakwater (the bend in the western side) the stones in the covering layer moved 
during a serious storm in October 2008. As a result of this, there was decided to change the stones in 
the covering layer in that part into stones 1000-3000 kg.  

Within the breakwater two cross-sections can be distinguished. The western part and the last 80 m in 
the east are built according to cross-section 1. The part in the middle is built according to cross-
section 2. 

 

 
Figure 8: cross-section 1  
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Figure 9: cross-section 2 
  
About one month before the works should start, probings were carried out from a jack-up platform. 
The results indicated that under the construction level of the breakwater (which was foreseen at -8 m 
TAW), there was an important amount of sludge and the original bottom wasn’t at -8 m TAW but at -
10.5 m TAW. This wasn’t foreseen because a suction hopper dredger had cleaned up the whole 
construction area.  

So, before the construction of the breakwater could start, the sludge had to be dredged. In total 65.615 
m³ sludge was dredged with a crane on a pontoon, loaded in split barges and dumped on a dumping 
site at sea. In cross-section 1, the sludge is dredged over about 85 m (this means under the entire 
width of breakwater + 10 m extra at the seaside of the breakwater) to the original bottom (about -10.5 
m TAW). In cross-section 2, the sludge isn’t dredged under the entire breakwater but just over a width 
of about 70 m. There was sought to an optimal solution with a safe design and a minimal dredging 
width in order to save an amount of money.  

To save a quantity of expensive stones, there was decided to dump sand to reach the same level as 
before dredging. In cross-section 1, the sand is dumped to TAW -8 to reach the same construction 
level as originally foreseen. Because the split barges and the tug-boats were mobilized anyway, there 
was sought for a solution to optimize the design and save more stones. This optimum was found in 
collaboration with prof. dr. ir. J. De Rouck from the university of Ghent. So, in cross-section 2, the 
sand is dumped to -4.5 m TAW.  

After the sand was dumped, some control probings were carried to check the resistance of the 
dumped sand. The results were insufficient as can be seen when comparing Figure 10 and Figure 11. 
This figures show probings which are carried out at the same location before and after dumping the 
sand.  

The red line in this figures indicates the same reference level (-10 m TAW). Above this line the 
influence of the dumped sand can be clearly remarked as can be seen in Figure 11. But the resistance 
of the sand is less than 2 MPa, so there is a risk of liquefaction of the sand under loading. To avoid 
this risk, there was decided to carry out a compaction on the outer slope of the dam in cross-section 1. 
In cross-section 2, a compaction was not necessary because there is no sand under the outer slope of 
the breakwater in this cross-section.  
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Figure 10: Probing before dumping the sand 
 

 
Figure 11: control probing after dumping  
the sand 

 
 
The compaction was carried out with a sheet pile (type AZ 48) which is reinforced with horizontal steel 
plates (see Figure 12). A vibrator was put on this sheet pile and at each location it vibrated for about 15 
minutes to realise a compaction of the sand.  
 

 
 

Figure 12: Sheet pile used for compaction 

 
There was no possibility to do new control probings after compaction, so the efficiency of the 
compaction could not be tested.  

5. CALCULATIONS OF THE BREAKWATER 
The calculation of the global stability of the breakwater is carried out with two different methods of 
calculation. These two methods are the Morgenstern-Price method and the finite element method. The 
software that was used for each method is respectively SLOPE/W (Geoslope) and Plaxis V8 (Plaxis 
BV).  

The global safety factor must be at least 1.15 for temporary situations and 1.30 for final situations. 
Three loading combinations were studied: 
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• BC1: Temporary situation for the outer slope: This situation appears during the filling of the 
“lake” at the southern side of the breakwater. When the water level at the northern side is at -1 
m TAW (extreme low water) the situation is most critical.  

• BC 2: Final situations for the outer slope: The new created site is now taken into utilization and 
a loading of 6 ton/m² can be applied. When the water level in the dock is at -1 m TAW 
(extreme low water) the situation is most critical.   

• BC 3: Temporary situation for the inner slope: This situation appears in the temporary situation 
between the completion of the breakwater and the filling of the “lake”. Originally a filter in sand 
asphalt (with a thickness of 2.5 m) was foreseen on the inner slope. The permeability of a filter 
in sand asphalt is very low and calculations of the water balance showed that a difference of 2 
m in the water level between both sides of the breakwater could appear. Calculations with 
Plaxis showed that when there’s a difference in the water level between both sides of 1 m, the 
global safety factor is about 1.15. When the difference in water level increases to two meter, 
the safety factor is less than 1 and the inner slope is no longer stable. To avoid this risk, the 
decision was taken to change the filter in sand asphalt in a filter of geotextile (see below - 
FILTERCONSTRUCTIONS).  

The results of the calculations showed that both with SLOPE/W and Plaxis a safety factor higher than 
1.15 was achieved for BC1 and BC3 and a safety factor higher than 1.3 for BC2 (with exception for 
cross-section 2 with PLAXIS were a safety factor of 1,29 was achieved – see Table 2).  

 

 cross-section 1 cross-section 2 

 PLAXIS SLOPE/W PLAXIS SLOPE/W 

BC1 1,42 1,43 1,28 1,32 

BC2 1,32 1,33 1,29 1,32 

BC3-extreme low 
water 1,32 1,37 1,16 1,22 

BC3-extreme high 
water 1,48 - 1,28 - 

BC3-water level 
difference of 1 m 1,15 - 1,25 - 

 
Table 2: Safety factors 

6. PROPELLER EROSION 
As can be seen in Figure 9, the construction level of the seawarded toe of the breakwater in cross 
section 2 is at -10.5 m TAW (original bottom). In cross section 1 the construction level of this toe is at -
8 m TAW. Calculations showed that with the same construction level as in cross section 1 (-8 m TAW) 
the stones in the toe in the zone of cross section 2 will not be stable under the propeller erosion of the 
vessels that will moor in the future at the new commercial jetty.  

That propeller erosion is also the reason why in cross section 1, the stones 300-1000 cover the stones 
2-300 kg in the seawarded toe over the whole width.  

7. SETTLEMENTS OF THE BREAKWATER 
The settlements of the new breakwater are measured using two fixed points. The evolution of the 
altitude of the two reference points in time can be seen in Figure 13.  

The settlements are partly due to the settlement of the underground under loading and are partly due 
to the internal compaction of the stones in the breakwater. As can be seen, the settlements are 
limited. The total settlement in a period of 5 months is less than 8 cm.  

It must be pointed out that the measurement of the settlements could only start when the construction 
level of the breakwater was above the water level. So a part of the settlements was not measured. 
The main reason why settlements were measured was to see the evolution of the settlements in time. 
Depending on this evolution, the start of the construction of the road on the breakwater was chosen. 
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Plain concrete will be used for the construction of the road. So it’s important to know when the 
settlement of the breakwater has stopped to avoid structural cracks.  
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Figure 13: settlements in time 

 

8. FILTERCONSTRUCTIONS 
Two kinds of filter constructions are used in the construction: at the seawarded toe of the breakwater a 
granular filter is provided which consists of three layers (from the bottom to the top: gravel, stones 0-2 
kg and stones 2-300 kg).  
At the land side of the breakwater, a geotextile in polyester is placed to avoid sand grains from the 
infilling, migrating through the dam. This geotextile is placed on a layer of stones 0-2 kg with a 
thickness of about 0.5 m and secured with sand which is gained in the inner harbour of Zeebrugge. 
There the construction of a new quay wall has finished and the surplus ground must be removed. The 
sand was gained with a crane on a pontoon, loaded is split barges and dumped in the Brittannia dock. 
The sand above 0 m TAW was transported to the Brittannia dock over the road and profiled with a 
crane.  
The calculations of the filterconstruction are based on the assumption that the filter must be stable on 
itself for more than one year. To realize this, an enormous amount of ballast must be used as can be 
seen in Figure 14. Today there must still be supplied 80.000 m³ of sand and 125.000 m³ of ground to 
realize this filter construction.  
Originally a filter in sand asphalt was foreseen. Calculations showed that in the temporary situation 
between the finishing of the breakwater and the filling of the dock, the inner slope of the breakwater 
might be unstable. The permeability of a breakwater with a filter in sand asphalt is very low, so there 
was a possibility that under the tidal loading, the filter would be pushed off the breakwater. To avoid 
this risk and because it was not known how long this temporary situation would take, there was 
decided to use a filter in geotextile instead of a filter in sand asphalt.  
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Figure 14: Realization of the filter 
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9. QUANTITIES OF STONES 
In Table 3 the quantities of the different materials used for the construction of the breakwater are 
indicated.  
 
Gravel 100.000 ton 
Stones 0-2 kg for the granular filter 7.645 ton 
Stones 2-300 kg 200.000 ton 
Stones 300-1000 kg 49.000 ton 
Stones 1-3 ton 5.338 ton 

 
Table 3: Quantities 

10. PHASE 2: FILLING OF A PART OF THE BRITTANNIA DOCK 
The ground for the filling of the “lake” at the southern side of the breakwater comes from the inner port 
of Zeebrugge. The supplies of the ground will be done partly over the road and partly with split barges. 

11. PHASE 3: CONSTRUCTION OF A RO-RO JETTY 
The study of the jetty has started in August 2009. The jetty consists of a gangway (in two parts) which 
runs parallel to the new breakwater. The gangway is constructed on piles. In front of the gangway but 
connected to it, 14 bollards will be installed each on their own pile. Eight couples of two piles are 
placed about 5 m in front of the gangway and are covered with a fender to allow safely mooring of the 
vessels. The execution of the works will start in January 2010. 

 
 

Figure 15: Ro-Ro jetty parallel to the new breakwater 
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Figure 16: Cross-section of the jetty 

 

The tubes of the jetty have the following characteristics: 

• Tubes for the gangway: length 26 m, steel quality X70, diameter 1420 mm, thickness 19 mm. 

• Tubes for the bollards: length 34.5 m, steel quality X70, diameter 2250 mm, thickness 21.8 
mm, filled with concrete over 30.5 m. 

• Tubes for the fenders: length 32.5 or 33 m, steel quality X70, diameter 2250 mm, thickness 
21.8 m.  

12. TOTAL COST OF THE PROJECT 
The estimate of the cost of phase 1 amounts to 16.885.938,65 €. Phase 2 and phase 3 are put out to 
contract for respectively 17.571.482,54 € and 4.781.833,57€. This means that the total cost of the 
projects amounts to 39.239.254,76 €. All prices are VAT included.  

13. CONCLUSIONS 
The Brittannia Dock in the outer harbour of Zeebrugge was the “working harbour” during the 
construction of the new outer harbour of Zeebrugge (which started in 1976). It was the first dock that 
was built and it was used for transfer and storage of materials and as a protected water area for all 
kind of vessels used during the construction of the new outer harbour.  

Due to its historical background, the Brittannia Dock is today no longer optimal equipped to receive 
today’s vessels and the Flemish authority and the port authority Bruges – Zeebrugge started in March 
2008 with an upgrade of this old port area. The upgrade consists of three phases: in the first phase, a 
new rubble mound breakwater is built over the full width of the dock. In the second phase the lake that 
exists after the construction of the new breakwater will be filled up and in the third phase a new 
commercial jetty will be built parallel to the breakwater at the northern face. So in the future, two 
vessels (type Humbermax) will be able to moor at the same time in the remaining part of the Brittannia 
dock.  
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