
OCP, a global leader in the phosphate and phosphate derivatives 
markets, is planning a new dry bulk facility off the western 
coast of Morocco at Laayoune. As part of this project, Royal 
HaskoningDHV prepared the preliminary design of an offshore 
breakwater to protect the dry bulk facility. Deltares then 
verified stability and overtopping performance using 2D and 3D 
physical models which allowed the optimisation of the design of 
the offshore breakwater. 

The offshore breakwater is located in relatively deep water, which 
implies that waves coming from the Atlantic Ocean may be very 
large. The breakwater should be able to withstand significant wave 
heights of just over seven metres. These high waves will break on 
the armour slope of the breakwater and overtop the breakwater, 
particularly when water levels are high. The height of the waves 
needs to be reduced in order to limit wave forces below the jetty 
deck located behind the breakwater. 

During the 2D physical model study the design of the breakwater 
was optimised by raising the crest level in order to limit wave 
conditions to the rear. In addition, a more economical solution for 
the rear armour was tested: a single instead of a double layer of 
protecting armour. Limited damage is permissible in the single 
layer of regularly-placed cube units. The integrity of the slope as a 
whole will not be endangered if a unit is pushed out of this kind of 
protection layer. 

During the 3D physical model study, the optimised breakwater 
trunk section was installed using sixty-tonne Tetrapod units 
placed on the roundhead section. However, the stability of these 
units was unsatisfactory because of the large wave forces exerted 
on the units, resulting in many units being pushed out of the 
armour layer. A solution with regularly-placed cubes was therefore 
proposed and tested, but this time in a double layer with sixty-
tonne cube units. Although the second layer may not be required 
in terms of stability, it provides an additional level of safety for this 
part of the breakwater, which is the most vulnerable. This change 
resulted in a very stable roundhead in which the incoming waves 
could not grab the protruding legs of the armour units as they did 
with the Tetrapod units. Another advantage of cubes is that the 
casting of the units and the construction of the armour layer are 
easier and quicker than with Tetrapods. 

The Laayoune 2D and 3D scale model tests have proven that a very 
stable solution for a roundhead and the rear slope can be achieved 
by using cubes placed regularly in a layer. The solution guides the 
wave energy better without blocking it and therefore results in 
higher stability without the negative effects of rocking and high 
concrete stresses. It is therefore more durable and provides end 
clients with an ideal solution. 

Innovations in  

breakwater design 

alex.capel@deltares.nl
T +31(0)46 911 207

Contact

Deltares | R&D Highlights 2016 Delta Infrastructure 

Further reading: 

van Gent (2014) Oblique wave attack 

on rubble mound breakwaters. 

Coastal Engineering 88, 43-54. 

94 95


