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B A C K G R O U N D 
In the present years, an increased focus has been on 
offshore wind farms. The expenses related to founda-
tions constitute about one third of the total cost of an off-
shore wind farm. When wind turbines are located on 
deeper water, the cost of the foundations increases 
even further. Thus, a new technology is needed to re-
duce the total cost of offshore wind turbines. This could 
be the bucket foundation, also named “suction caisson”.  

 

The installation of the bucket foundation is initially 
caused by self-weight penetration. Subsequent suction 
is applied inside the bucket. The suction creates a pres-
sure differential across the bucket lid, which increases 
the downward force on the bucket while reducing the 
skirt tip resistance. 

 

The geometry of the bucket foundation is a thin cylindri-
cal shell structure. As the water depth increases, the di-
ameter of the suction caisson increases and the aspect 
ratio between the caisson diameter and the wall thick-
ness becomes very large. Thus instability, in form of 
buckling, becomes a crucial issue during installation. 

 
”S T A T E  O F  T H E  A R T” 
Several analytical expressions for the structural buckling 
pressure of circular cylindrical shells exist (Brush DO 
1975), (Farshad 1992). 

 

Nowadays cylindrical shell structures are designed ac-
cording to e.g. (DNV-RP-C202 2002), (EN-1993-1-6 
2007) which requires assumptions of idealized boundary 
conditions, like pinned, fixed or free. Neither of the de-
sign regulations takes the lateral restraints offered by 
the soil into account. 

 

Recently, this lateral restraint offered by the soil has 
been modelled by elastic Winkler springs in e.g. (Pinna 
2000) or by Pasternak type foundations (Pasternak 
1954) in e.g. (Sofiyev 2010). 

 

Neither of the abovementioned takes account for the lat-
eral restraints by means of advanced non-linear finite el-
ement solutions. It may be beneficial to perform more 
refined analyses, compared to the abovementioned, tak-
ing the real boundary conditions into account. The au-
thor will introduce advanced three-dimensional, non-
linear, finite element analysis by use of the commercial 
finite element package ABAQUS (ABAQUS 2010).  

 

Evacuation of water 

Skin friction 

Tip resistance 

Foundation concepts for offshore wind tur-
bines. From the left: gravitational founda-
tion, bucket foundation, monopile founda-
tion, and tripod foundation 

 

Downward pressure on lid and skirt, due to 
suction 

Pre-buckling mode of bucket with free 
boundary conditions at the skirt tip.  

Pre-buckling load: 49.3 kPa. 
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O B J E C T I V E  O F  T H E  S T U D Y 
In this study, the risk of structural buckling is addressed us-
ing numerical methods to determine the hydrostatic buck-
ling pressures of large-diameter bucket foundations during 
installation in three different soil profiles. The three soil pro-
file are a soft homogeneous soil profile, a hard homogene-
ous soil profile and a layered soil profile with varying 
strength and stiffness. The effect of the lateral restraint of-
fered by the surrounding soil on the hydrostatic buckling 
pressures is analysed in this study. 

 

For the initial installation phase, the free height of the skirt 
is large and a low suction pressure is needed. For subse-
quent installation phases, a larger pressure is needed. 
Thus, a critical embedded depth is found in this study. Fur-
ther, the critical skirt thickness will be found. 

 

Furthermore, this study should result in an alternative 
shape/design of the suction caisson, which has a smaller 
risk of buckling under high pressure. 

 

The results from this study will hopefully lead to more cost-
effective foundation solutions for offshore wind turbines at 
deep water. 

 

I N I T I A L   A N A L Y S I S  
Some initial analyses have been made on a bucket with di-
ameter, D = 16 m, skirt length, L = 15 m, and a skirt thick-
ness, ts = 25 mm. Three different boundary conditions have 
been considered:  

 Skirt tip free 

 Skirt tip pinned 

 Skirt embedded in elastic soil with Young’s modulus, 
E = 5 MPa 

For all three cases, the bucket lid is considered rigid. 

 

The first pre-buckling mode for the three different boundary 
conditions, at a penetration depth of 5 m, is shown to the 
right. In the graph, the pre-buckling load is illustrated at dif-
ferent penetration depths.  

 

As expected, it was found that the pre-buckling load is larg-
est for the pinned support, and the buckling load decreases 
when taking the lateral restraint offered by the soil into ac-
count . 

 

M O N O P I L E S 
Instability is also an issue for monopiles during installation, 
where imperfections and possible boulder impacts can lead 
to structural buckling. The effect of the lateral restraint of-
fered by the surrounding soil is interesting to investigate by 
advanced finite element solutions for this problem as well. 
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Pre-buckling mode of bucket at a penetra-
tion depth equal to 1/3 of the skirt height. 
Lateral restraint offered by surrounding soil 
with Young’s modulus, E = 5 MPa.  

Pre buckling load: 109.4 kPa. 

Pre buckling load as function of the free 
height (L - h). 

Pre-buckling mode of bucket with pinned 
boundary conditions at the skirt tip.  

Pre-buckling load: 116.9 kPa. 

Definition of bucket dimensions. 
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