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General 
 
Since 2000 Royal Haskoning Maritime Division is consultant to Palm Island Developers Office 
in Dubai UAE, presently known as NAKHEEL Properties, for the design of low crested sea 
defences for their man made island projects at and off the coast of Dubai. 
 
The fairly open and straight coast of Dubai in between Dubai City (at the creek) and the Jebel 
Ali commercial Port is facing the south-east end of the Arabian Gulf. Jumeirah coast as it is 
called, offers excellent possibilities to realize the innovative ideas of HH Sheikh Mohammed 
bin Rashid Al Maktoum through the commercial efforts of NAKHEEL (The Client). Three 
island projects are presently under construction, i.e. Palm Island Jumeirah, Palm Island Jebel Ali 
and The World. The Client started first with Palm Island Jumeirah which is scheduled to be 
finished in 2006. 
 
 

 
Nakheel Islands Projects off the coast of Dubai 
 
All three projects are unique in many ways. Upon completion it will have created the world’s 
largest three man made islands, which are expected to be visible from the moon. 
 
Palm Island Jumeirah measures approximately four by five kilometre, Palm Island Jebel Ali 
approximately six by seven kilometre and finally The World seven by nine kilometre. 
 
The two Palm Islands will each provide a mix of exclusive sea-facing residences, hotels and 
leisure amenities ranging from marinas to shopping malls and tourism attractions. 
The Palm Islands derive their name from their shape. They are constructed in the shape of a 
palm tree and consist of a trunk, a crown with fronds and a surrounding breakwater island: the 
Crescent.  

Jumeirah 

2000 

 

 

4x5km 

The World 

2003 

 

 

 

7x9km 

Jebel Ali 

2002 

 

` 

6x7km 



 
Palm Island Jumeirah has been built about 25 kilometres from the centre of Dubai City. Its trunk 
is connected to the Jumeirah coastline via a bridge. Palm Island Jebel Ali is being built about 15 
kilometres further away to the south-west of Jebel Ali Port and is also connected to the shore via 
bridges. In total the two Palm Islands will create approximately 120 kilometres of new 
beachfront in the emirate. 
 
The World is a collection of 300 private islands, each about 2 to 8 hectare in size, that resembles 
the actual shape of the world's continents. The World is located some 4 km off the coast of 
Dubai at a point halfway between Palm Island Jumeirah and Port Rashid. 
 
Due to the scale of the man made islands they are extending into relatively deep water, about 10 
to 15 meters of water depth. As the Dubai Coast is attacked by the so-called Shamal waves in 
wintertime, the islands will have to be protected against wave attack under (design) storm 
conditions. Furthermore one can expect under storm conditions quite a high water level set up 
due to wind surge effects. In addition this part of the Arabian Gulf encounters an astronomical 
tidal range of 1.2 meters. 
 
In view of above hydraulic boundary conditions it is necessary to protect both Palm Island 
projects with a crescent breakwater  and The World with an artificial barrier reef. 
The ultimate challenge for The Client, and thus for their consultant Royal Haskoning, was to  

 
 
create breakwaters that have a natural look and feel, are environmentally sound, enable the 
inhabitants and tourists to enjoy the sea (undisturbed view) and also are giving enough 
protection at minimum costs. 
 
To accomplish this, first of all it was decided to use as much as possible natural materials, to be 
precise: (coarse) sand, quarry run and rocks up to about 5 to 6 tonnes. Secondly it was chosen to 
limit the level of the crest of the crescent breakwater to about 1 meter above reclaimed island 
level in order not to disturb the view on the sea. 
 
After an intensive engineering design effort by Royal Haskoning supported by 
WL | Delft Hydraulics regarding numerical modelling of hydraulic boundary conditions and 
extensive scale model tests regarding breakwater stability and wave overtopping, it was found 
that low crested rubble mound breakwater profiles with a dedicated shape for each of the 
particular projects satisfied the user requirements the best. The finally developed breakwater 
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profiles were also tuned to the construction methods and available equipment of the marine 
contractors involved. 
 
One of the interesting engineering challenges was the fact that both the crescent breakwaters 
and the barrier reef are continuously curved. This required a thorough analysis of the hydraulic 
loading conditions at each location along the breakwaters and the barrier reef, and consequently 
a tuned cross sectional design as function of the location. 
 
The environmental impact of the project has been of paramount concern to the developers since 
its inception and this has been one of the guidelines for the design. 
Originally the sea bed in the area was largely the same as the nearby desert on land, a barren 
area consisting of fine sediment over hard, sedimentary rock. There were very few boulders 
(rocky substrate), but where they existed they were teeming with life (biomass). Because, where 
there are rocks there is shelter, and where there is shelter there is food for fish. In fact the 
amount of sea life under boulders is hundreds of times greater than in the rest of the area. 
 
The Crescent and Reef, being built of millions of tonnes of rock, recreates life-sustaining 
‘ecological networks’ on a massive scale. In fact, wherever a breakwater island structure is 
built, there will be countless jagged rocks, sheltering nooks and crannies for the natural food 
chain to attach itself to. 
 
 
 
 
 
 
 



Crescent breakwater Palm Island Jumeirah 
 
The Crescent breakwater for Palm Island Jumeirah is approximately 11 km in length and 200m 
wide in cross section. The outer edge of the Crescent breakwater faces the Arabian Gulf. 
 
The outer edge was designed as a rubble mound breakwater built of sand and rock (up to 3-6 
tonnes), having a crest height of 3 to 4 meters above mean sea level and a seaward slope of one 
in two. The Crescent breakwater was provided with two openings to enhance water circulation 
within the scheme. Because of the curvature of the Crescent breakwater, special attention was 
paid to the direction of the incident waves relative to the orientation of the crescent breakwater. 
The design process was supported by 2D and 3D model tests (defined  
and supervised by Royal Haskoning and performed by Delft Hydraulics and Sogreah), to verify 
the stability of the breakwater and to determine the amount of wave overtopping to be expected. 
Based on this overtopping volume the width of the crest of the protection of the Crescent 
breakwater was defined.  
 
 

 
At the intersection between the seaward protection of the Crescent breakwater and the 200 m 
wide reclamation behind it, Royal Haskoning was involved in the design of a concrete retaining 
wall. To ascertain the stability of the retaining wall an additional layer of rock had to be placed 
in front of the projected retaining wall. The additional layer of rock further reduces the 
overtopping quantity to be expected under storm conditions.  
 

Palm Island Jumeirah, situation as per 9 September 2003 



 

 
Outer edge crescent breakwater Palm Jumeirah 
 
 

Crescent breakwater Palm Jumeirah under constructio n 
 
 
 
 
 
 



Crescent breakwater Palm Island Jebel Ali 
 

The Crescent breakwater for Palm Island Jebel Ali is approximately 15 km in length and 200 m 
wide in cross section. The outer edge of the Crescent breakwater faces the Arabian Gulf. Having 
first finished the design of the Crescent breakwater of Palm Island Jumeirah, the design of the 
protection of the Crescent breakwater for Palm Island Jebel Ali was worked out along the same 
state of the art engineering lines and routines.  
 

 
 
Model of Palm Jebel Ali 
 
The outer edge of the Crescent breakwater was designed as a rubble mound breakwater built 
of sand and rock (up to 4-7 tonnes), having a crest height of 4.25 meters above mean sea level 
and a seaward slope of one in two. This crest height level is somewhat higher than the level 
applied for Palm Island Jumeirah, as the design wave height is also somewhat higher for Jebel 
Ali than for Jumeirah due to a difference in water depth. 
  
The Crescent breakwater was provided with three openings to enhance water circulation 
within the area. At the landward boundary of the sea defence a small retaining wall is planned 
as part of the landscaping activities. 
 
 
 
 
 
 



Artificial Breakwater reef The World 
 
 
The overall design of The World required the “look and feel” of a series of tropical islands like 
the Maldives. The project has been provided with a series of waterways, canals and lakes to 
achieve this appearance. Access to the islands, which are located between 5 and 10 kilometres 
off the coast, will be entirely by air and/or by marine transport for which first-class marinas will 
be provided. 
 

 
Artist impression of The World 
 
The design of the outer reef protection of The World against storm waves in the Arabian Gulf 
was awarded to Royal Haskoning. To enhance the required natural appearance of The World 
Barrier Reef, the protection has been designed as a series of low crested reef breakwaters 
covering a total length of about 25 km. 

 
Typical cross section Shamal Reef 
 
The largest of the three different types of reef breakwaters, i.e. the Shamal reef facing north-
west, is provided with a 32 m wide berm at 2.5 m below mean sea level. Particularly this 
shallow and long under water berm initiates severe wave breaking under design storm 



conditions. As a result, the crest of the reef structure at the rear of this berm extends only 2 m 
above mean sea level and is only 9 m wide, thus giving a minimum of visual hindrance towards 
the open sea. Because of its shallow depth, the berm will attract and provide shelter for a wealth 
of marine life. The other two reefs have also been designed as low crested structures, of which 
the minimum crest elevation lies at mean sea level. Openings were provided in between the 
reefs to allow for the required marine traffic and water circulation. 
 
 
All reefs have been designed as rubble mound structure, with a maximum rock size of 1-4 
tonnes. The core of all reefs is made of sand, thereby reducing the required amount of rock.  
Granular filter layers in between the sand and the rock have been added to eliminate the loss of 
sand. 
 

 
Shamal Reef under construction 
 

 
 


