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Abstract 

The Al Raha Beach Development along the cost of the Arabian gulf was designed as a water 

city at the gates of the city of Abu Dhabi and is one of the major premium developments in 

the United Arab Emirates. The whole city will be built on new reclaimed land.  

Vibro stone columns are intended for the foundation of the costal construction, which 

consists of up to 6 meters high prefabricated concrete elements. In addition vibro stone 

columns with a length of 4-11m are foreseen approx. 6 meters underneath the sea water 

level. 

The engineering requirements of the ground improvement are to avoid a slope failure during 

an earthquake, provide an allowable bearing capacity of 150kPa and to limit settlements. 

Large load tests in the sea were implemented for the first time to control the quality. 

1 Introduction 

The Al Raha Beach Development along the cost of the Arabian gulf was incepted and 

designed as a water city at the gates of the city of Abu Dhabi and is one of the major 

premium developments in the United Arab Emirates (see fig. 1). It consists of 8 precincts 

which will provide a wide range of modern luxury developments including residential areas, 

hotels and commercial developments with all facilities in an attractive water front setting. 

 

The entire development is to be built on reclaimed land which consists of manmade islands 

and an extension of the existing shoreline (see fig. 2). The work on the overall development 

is divided into the eastern precincts and the western precincts, with Keller working on the 

latter. 

As the Al Raha project is being developed the design and size was revised several times and 

the overall project for the western precincts has so far been expanded from the original area 

of approx. 1,200,000m² to now close to 3,000,000m². 
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Figure 1: Aerial photo of “Al Raha Beach Development” 

 
 

 
 

Figure 2: The location of the Al Raha Beach Project – Western Precincts 
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For the new coastline and the border of the islands it was planned to set up an embankment 

first, which should be both under water and few meters above water level. In the core of this 

embankment a diaphragm wall should be installed, which should be removed on the water 

side after hardening. Alternatively also a 4-11m deep ground exchange of the sea bottom 

having a low bearing capacity would be possible. Both proposals were replaced in the 

western precincts with a more economical alternative, which is presented in the following 

chapter. 

2 Task and Requirements 

In co-operation with Overseas-AST and Murray+Roberts JV the company Keller compiled an 

alternative solution for the ground improvement. It consisted of retaining walls as a protection 

of the islands and coastline which are founded on improved ground by vibro stone columns, 

see fig. 3. Within the retaining walls it is intended to use dredged sand and to improve it by 

vibro compaction with S-vibrators. 

 

 
 

Figure 3: Offshore retaining walls and dredged sand within the retaining walls  

 

 

In detail the following tasks were to be fulfilled:  
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2.1 Vibro stone columns for foundation of offshore retaining walls  

 

 
 

Figure 4: Typical Seawall Cross Section with Vibro Stone Columns 

 

 

In order to protect the reclaimed land offshore vibro stone columns were applied for seawall 

foundations, made out of up to 6m high precast concrete cantilever wall elements, see fig. 4. 

Stone columns were installed approx. 6m below water level with column lengths varying 

between 4m and 11m. The engineering requirements are the following: 

 

- Eliminate the risk of slope failure during an earthquake 

- Provide an allowable bearing capacity of 150kPa 

- Limit residual settlements for the short term (2 years) to 30mm and for the long term 

(20 years) to max. 100mm 

 

In total the offshore work covered retaining walls with a length of 16.5km and a length of the 

stone columns of approx. 250,000m. For this purpose two S-vibrators were used, each 

working from its own barge. 

 

The work of all companies taken part covered the following main work steps. After a survey 

of the sea bottom surface, cone penetration tests to determine the stiffness of the original 

ground were implemented before the column installation starts. To monitor the settlements of 

the sea bottom settlements plates were installed afterwards. 

 

As next step gravel in form of a carpet was installed with barges on the sea bottom. The 

height was selected in such a way that there was sufficient gravel to install the stone 

columns. Particularly to consider is that not the whole gravel volume is available for the vibro 

stone columns, but a certain part in the form of gravel cones remaining on the sea bottom.  
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In order to achieve the same level of the gravel everywhere, a levelling with a long arm 

excavator was done. Then the ground improvement with vibro stone columns followed 

according to the European standard EN 14731 and again a height compensation with the 

long arm excavator. 

 

For a quality control check of a possible ground improvement between the columns, cone 

penetration tests were executed after the column production. As last step five large load tests 

were executed in the sea, which are presented in the next section. Because of the successful 

and economical implementation of this alternative solution, three further similar sites followed 

in Abu Dhabi. 

 

2.2 Offshore Load Tests 

Load tests on stone columns in the sea were executed for the first time ever according to the 

authors’ knowledge. A dead load was used, because it would have been too complex to 

install anchors offshore. For this purpose large concrete blocks were added together, see fig. 

5. The settlements were monitored by a measurement tower next to the load test. One 

difficulty of the evaluation was the fluctuating water level and thus the change of the load by 

the varying uplift. Therefore creep deformations could be evaluated only approximately. 

 

 

 
 

 

Figure 5: Offshore Load Test on Stone Columns 

 

Here a representative load test was selected. In the case of a service load of 150kPa a 

settlement of 29mm and for the maximum test load of 205kPa a settlement of 42mm was 

measured, see fig. 6. The load-settlement curve is approximately linear, which indicates that 

the selected loads are still underneath the bearing capacity. Decisive - as usually for ground 
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improvement - is not the ultimate limit state but the servicibility limit state. The specified 

settlement limit values were kept in all five large offshore load tests. 

 

 
 

Figure 6: Load-settlement curve of the load test  

 

2.3 Vibro Compaction 

Onshore vibro compaction was planned for the reclaimed land on artificial islands and near 

the coast of the mainland. Vibro compaction is required to compact loose fill material to 

depths varying between 5m to 17m that is being placed by end tipping to achieve a number 

of engineering requirements: 

 

- Minimum relative density of 60% 

- Eliminate the risk of soil liquefaction during an earthquake causing a ground acceleration 

in the soil of a=0.115g 

- Provide an allowable bearing capacity of 150kPa. 
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Figure 7: Vibro compaction with S-vibrators in tandem configuration 

 

 

Onshore works include an area of reclaimed islands of 1.0 mio. m² with a treatment volume 

of 14 mio. m³. The area of reclaimed mainland was 2.1 mio. m² with a treatment volume of 

28 mio. m³. The used equipment was up to ten S-vibrators in tandem configuration (see fig. 

7) which means always two S-vibrators used on one crane. In total a manpower of up to 70 

workers, working 24h/day in two shifts, six days/week. The project was completed success-

fully. 


