
























































2.2. Foundation types for offshore wind turbines

Figure 2.2.: Forces acting on a bucket foundation due to a large wave.

weight of the structure, which is an additionally restoring force. That means, the monopod

resists overturning moments mainly by its rotational fixation in the subsoil.3

In order to gain a better understanding of the behaviour, a wind turbine with a bucket found-

ation was installed in 2003 in Frederikshaven, Denmark. Another test installation in Wil-

helmshaven, however, failed. The penetration was stopped after the skirts started buckling.

Probably the wall thickness and the stiffener were incorrectly designed.

However, a combination of a light-weight GBS and four buckets arranged to a quadpod, is, to

the authors opinion, a very promising solution of OWTs. Some advantages of this foundation

type are discussed in Chapter 5.

2.2.3. Monopile foundation

Figure 2.1c shows a monopile foundation. The monopile is a direct extension of the shaft of the

superstructure through a transition piece into the subsoil. It consists of an one open-ended large

steel pile which is completely penetrated into the seabed. The monopile resists environmental

forces by horizontal bedding. By today, the monopile is the most often employed foundation

type for OWTs.

An application of the monopile also in deeper waters is facing some major difficulties. The

largest pile yet installed has a diameter of 5 m, a wall thickness of up approximately 100 mm

and penetrates almost 40 m into the seabed. Installation of larger piles are currently not feasible

with the available pile driving devices. Another difficulty is the, that the behaviour of monopiles

3in contrast to a GBS, which resists momentum loading by its weight only.
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2. Foundation types and design for Offshore Wind Turbines

examine critically the problems and challenges related with foundations for OWTs and propose

reasonable solutions. Some will be presented in the following.

2.3.1. Installation

The first critical design issue is the installation. It has to be guaranteed that the skirts penetrate

completely into the subsoil. Foundations with short skirts (GBS) penetrate by their weight only.

Bucket foundations require additionally suction. This is achieved by means of pumps which

pump out the water between bottom side of the plate and ground surface. In order to avoid

damages of the skirts, in particular during the initial phase of the penetration, dowels are gen-

erally employed; e.g. MAZURKIEWICZ AND TOPOLNICKI [100], LACASSE AND D’ORAZIO

[91] and AAS AND ANDERSEN [1]. They are attached on the bottom side of the foundation

and are somewhat longer than the skirts. The dowels serve as a guidance and prevent critical

horizontal movements of the foundation previous to the touch down of the skirt tips.

Figure 2.3.: Geometry and forces of a bucket foundation during penetration

The main point of interest is the achievable maximum penetration depth which depends on

the soil properties (sand or clay, density, permeability, ...), maximum applicable suction and

weight and shape of the foundation. Figure 2.3 shows the parameters relevant for the design.

The penetration resistance force is the sum of the wall friction T = A � (ti + ta) and the tip

resistance Rt . Both depend on the current penetration depth. The driving force is the sum of

the submerged weight G0 and the current suction pressure P = Pi�P0. Both forces cannot be

determined individually, since the suction influences due to seepage force also wall friction and
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7. FE-simulations of a substructure founded on multiple plates

1. Behaves the cross-foundation similar to the foundation analysed in Chapter 5?

2. How large is the influence of the specific structural elements of the cross-foundation on

the stabilisation behaviour?

Figure 7.1.: Dimensions of the analysed substructure for an offshore wind turbine in shape of a cross

resting via four feet on the subsoil. Cross, feet (plates) and lower shaft are made of reinforced

concrete. The hollow arms and shaft are are with ballast, such as gravel or stones.

The cross-foundation has some advantages compared to the foundation analysed in Chapter

4 and Chapter 5.

� Conventional shallow foundations consisting of a large single plate tend to ride if sub-

jected to cyclic loading; see Chapter 6 for details. Since the riding is accompanied by a

gradually alternating compaction and squeezing of the subsoil on compression and uplift

side, an increased rotational amplitude of the foundation is often observed under con-

tinuous cyclic loading with constant stress amplitude. The plate will be undermined and

erosion occurs. Contrary to that, the cross-foundation will not ride since only the outer

plates are resting on the subsoil, but not the centre.
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7.2. FE-model

Figure 7.5.: Extrusion of the simplified 2d model of the cross-foundation. The simplified 2d-model of

the foundation is comparable to bisected pipe lying upside down on the subsoil.

All models incorporate interfaces both between plates and soil as well as between skirts and

soil. A soil-structure friction angle of d = jc = 32:5� was assumed. In the simulations with

transient pore water flow, soft elastic and high permeable elements were arranged between the

underside of the plates and the topside of the soil. They take into account the vertical in- and

outflow of pore water into a possible gap between soil and plate, which is relevant only for very

short skirts with significant asymmetric vertical displacements. These elements allow also the

computation of suction, i.e. negative pore water pressure, and avoid inadmissible tension, i.e.

negative effective stresses, assuming pressure being positive, in the soil.

7.2.1. Prediction of model tests

The simulations presented in this section should reveal the behaviour of the cross foundation

subjected to the same loading conditions as employed in the model tests presented in Chapter 4.

For this, the 3d model without skirts, as shown in Figure 7.4, was used. Like for the simulations

shown in Chapter 5, the analyses was done in prototype dimensions. The extreme load Fext as

well as the cyclic load amplitude Fampl correspond to the design load; refer to Appendix A for

details. I.e. Fext ï¿‰ andFampl ï¿‰ in the numerical simulations was only half of the actually applied

load in the test.

The computed rotational response of the cross foundation is shown in Figure 7.6, the corres-

ponding settlement in Figure 7.7. Other than for the plate-foundation analysed in Chapter 5,

only the hypoplastic model with intergranular strain was employed in these simulations. The
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