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Deurganckdock Lock

• Kallo lock: entrance 
of Waasland harbour 
at the left bank
360 m x 48 m x 12.5 m 

(TAW)
• Deurganckdock: tidal 

dock
• New lock planned at 

the end of 
Deurganckdock with 
dimensions of 
Berendrecht lock

Kallo lock

Deurganckdock

River Scheldt

Planned 
lock
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Deurganckdok Lock

Deurganckdock lock Berendrecht lock



Deurganckdok Lock
• Length between outer doors and beam identical
• Depth different: TAW -17.8 m DGD Lock, -13.5 m BED Lock
• Orientation: DGD Lock SW-NE, BED Lock W-E
• Access: entrance and departure manoeuvre at both sides differ



Overview
• Simulation study in 2005 with Main Ore bulkcarrier en 

S-class containership
• Simulation study in 2007 with 366 m containership, 

modified lay-out of the entrance area at Waaslandhaven
• Simulation study in 2008 with 400 m containership with 

focus on contact characteristics



Simulation study 2005

Main Ore
335 m x 52 m

T = 16.36 m entrance
T = 9.9 m departure



Simulation study 2005

Main Ore T = 9.9 m
NW 6 Bf

Run 030 + Run 013 -

contact

Tugs are more 
intensively used in 
run 030 compared 

to run 013
4 x 60 tons, towing



Simulation study 2005
Run 030 +

Lay-out of banks is 
negatively evaluated

Sloped bank

Sloped bank with horizontal plate,
tugs can use the total area

-4.5 m TAW
+3.5 m TAW



Simulation study 2007

• Simulations have been executed with the design ship of 
the new locks in Panama: 12000 TEU containership 
366 m x 48.8 m x 15.2 m Bridges south side, 89°



Simulation study 2007

• Mathematical models of 12000 TEU containership 
based on scaling of smaller containership from 
simulator database, validation based on experience 
of pilots D

eep w
ater

S
hallow

 w
ater



Simulation study 2007

• Wind conditions: wind force and wind direction, 
frequency of occurrence and distribution of wind force



Simulation study 2007
• 2 groups of pilots, with and without 

experience with the largest 
containerships coming to Antwerp in 
2007



Simulation study 2007

• Evaluation of the simulation - 
Waasland harbour to the lock - by 
group 1 and group 2

• Experience and thus know-how 
on the job is very important

• Maximum number of tug boats is 
4, Voith Schneider tugs with 50 
ton BP each



Simulation study 2007, conclusions
• Is the modified lay-out at Waasland harbour positively evaluated?

Enough area for design ship and tug boats.
• Is the accessibility of the lock guaranteed for all wind directions and 

wind force up till 6 Beaufort (12.3 m/s)?
Simulations have been executed with wind force 5 and 6 Beaufort from NE, 

E, NW and SW. The lock is accessible for all wind directions up to 6 
Beaufort unless a good tug boat configuration is used. Simulations with 
lateral wind direction and 6 Beaufort gave more incidents but with 
enough experience with the largest containerships and simulator training 
these wind conditions can be dealt with.

• Which tug boat configuration gives good results taking into account 
the wind direction?
Manoeuvre from the lock to Waasland harbour: 5 Bf – 2 tugs of 50 ton BP, 

6 Bf lateral wind – 3 tugs (2 x 50 ton BP + xx BP) or 2 tugs of 58 ton BP
Manoeuvre from Vrasenedock to the lock: 5 Bf – 2 tugs of 50 ton BP, 6 Bf 

lateral wind – 3 tugs of 50 ton BP, 1 mid for, 1 mid aft and 1 pushing



Simulation study 2008

• Is Deurganckdok lock accessible for the largest 
containership, 397.5 m x 56.4 m and the lay-out 
proposed in 2007?

• Are there mathematical models available which 
incorporate the latest information of this 14000 TEU 
containership?

• Can information be collected about the impact on the 
wheel fenders due to contact with the ship?

• Can additional forces acting in the lock (cushion 
effect, waves due to translation, current due to 
reflection) be predicted?



Simulation study 2008

Preparation of the ship manoeuvring simulator

1. Mathematical modelling of 400 m containership
2. Contact dimensions with wheel fenders
3. Additional forces for manoeuvring in the lock



Simulation study 2008

1. Mathematical modelling of 400 m containership
2. Contact dimensions with wheel fenders
3. Additional forces for manoeuvring in the lock



Simulation study 2008

• Model tests executed with a ship model of an 8000 TEU, 352 m 
x 42.8 m, draught between 14.5 m-12 m in deep and shallow 
water (UKC 100% - 35% - 10% of ship’s draught)

• Scaled to 366 m – 380 m – 400 m long containership



Simulation study 2008

• Dimensions length, beam, draft are not identical after scaling
• Lines plan of 8000 TEU scaled to 14000 TEU containership 

differ from lines plan Emma Maersk
• A scale model of an 14000 TEU containership is developed, but 

original lines have not been provided by the shipping company 
or the shipyard.

• Free-running model tests have been executed in Bulgarian Ship 
Hydrodynamic Centre, Varna, Bulgaria



Simulation study 2008

• Acceleration tests
• Turning circle tests
• Zig-zag tests
• Crash stop tests



Simulation study 2008

1. Mathematical modelling of 400 m containership
2. Contact dimensions with wheel fenders
3. Additional forces for manoeuvring in the lock



Simulation study 2008



Simulation study 2008
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Simulation study 2008

1. Mathematical modelling of 400 m containership
2. Contact dimensions with wheel fenders
3. Additional forces for manoeuvring in the lock

cushion effect: lateral movement towards the lock wall
waves due to translation: longitudinal movement in the lock, 

wave generated in front of and along the ship’s hull
current due to reflection: additional resistance force



Simulation study 2008, simulations
Run 020,
no contact

Run 041,
max. 0.84 m amidships

Tugs for NW 6 Bf

45 ton BP fore, 2 x 60 ton 
BP aft, towing

45 ton BP, pushing port

Deurganckdok



Simulation study 2008, simulations
Run 020,
no contact

Run 041,
max. 0.84 m amidships

Tugs for NW 6 Bf

45 ton BP fore, 2 x 60 ton 
BP aft, towing

45 ton BP, pushing port

Deurganckdok



Simulation study 2008, simulations
Run 063,
no contact

Run 079,
max. 1.02 m x = 76 m

Tugs for NW 6 Bf

2 x 75 ton BP, 
towing, run 063

2 x 70 ton BP, 
towing, run 079 Waasland 

harbour



Simulation study 2008, simulations
Run 063,
no contact

Run 079,
max. 1.02 m x = 76 m

Tugs for NW 6 Bf

2 x 75 ton BP, 
towing, run 063

2 x 70 ton BP, 
towing, run 079 Waasland 

harbour



Simulation study 2008, conclusions
• Is the lock accessible for 14000 TEU containerships?

Due to the larger beam (56.4 m) compared to the containerships now 
coming to Berendrecht lock (45.5 m) contact with the wheel fenders will 
occur more frequently, especially in heavy weather conditions. An 
increase of the breadth of the lock is not wanted due to enormous 
impact on price (lock doors, bridges etc.)

• Is the accessibility of the lock guaranteed for all wind directions and 
wind force up till 6 Beaufort (12.3 m/s)?
Simulations have been executed with wind force 5 and 6 Beaufort, wind 

direction parallel or lateral compared to the lock orientation. No main 
problems occur with wind forces up to 5 Bf. With higher wind forces and 
lateral wind (NW – W – E) contact with the wheel fenders will occur 
although most of the time the maximum dent is below the maximum 
available movement of 1.16 m for one wheel fender. A good tug boat 
configuration must be used (enough BP) and training on the ship 
manoeuvring simulators can help pilots in finding the good balance to 
handle these ships.



Simulation study 2008, conclusions
• Which tug boat configuration gives good results taking into account 

the wind direction?
Manoeuvre from Deurganckdock to the lock (pilots, Flemish pilotage)

Preference is given to use two tugs of 60 ton BP each aft. Depending on the 
wind direction and the wind force, one (towing) or two additional tugs (towing 
and/or pushing) are used with 45 ton BP each.

Manoeuvre from the lock to Waasland harbour (BRABO pilots)
Two tugs of 55 ton BP each can be sufficient for all wind directions and wind 

forces up to 6 Bf.
Manoeuvre from Waasland harbour to the lock (BRABO pilots)

5 Bf – 2 tugs of 55 ton BP each
6 Bf – 2 tugs of 75 ton BP each, while an additional pusher with lower BP can 

help in guiding the ship into the lock in case of lateral wind directions



Other research

• Accessibility of Western 
Scheldt for 366 to 400 m 
containerships

• Accessibility of 
Berendrecht lock for 380 
m containerships

• Accessibility of 
Delwaidedok for 380 m 
containerships

• New tidal dock at left bank
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