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1. Introduction

DONG Energy enters into cooperation with
University of Oxford

DONG Energy has entered into cooperation with an academic consortium
of three leading universities to work on a unique R&D project aimed at
reducing the cost of energy from offshore wind turbines. The academic
consortium, led by the University of Oxford and including Imperial College
London and University College Dublin, will investigate, along with DONG
and its partners, how offshore wind turbine foundations can be designed
more effectively in the future.

Turbine foundation on its way to Anholt Offshore Wind Farm. Photo: DONG
Energy.

Dong Energy

“We expect to find significant savings by trimming monopile sizes and finding
new ways of installing the foundations, amongst others. Consequently, we
believe a significant contribution can come from this area towards our efforts of
reducing the price of offshore wind power by 35-40 per cent by 2020."

Steel may be the solution

Currently, the monopile foundation for a typical offshore wind turbine weighs
approximately 600 tonnes and primarily consists of steel. For a wind farm of
100 or more turhines this represents a substantial fabrication and installation
cost. The thickness of the steel used for each pile is about 100mm. If this can
be reduced, even by a fraction, without compromising the load-carrying
capacity and stiffness of the foundation, there will be significant savings made
in developing offshore wind.

Ramboll Group
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2. Simplified model
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3. Winkler models
Current design guidelines (API, DNV)

kz*
N(z+ dz)gt—_\zxj(r +dz) p(u) = Apu tanh ( )

Apy
\ +dz
= o (@)
é ::/ ' f:«  mEr [® PY —\ du -
/ T Z = >|' .'II' u=0
 — . -*____;_—‘JV(;;)
M(z
i z X N () Sorensen et al. (FLAC 3D)
- i 0.6 0.5
Z D
-~ —_— 3-6
4 =50 MPa () (—1 m) 0

= "

Kallehave et al. (“theoretical considerations™)

Epy=k2.5m (5= )0'6( D )0‘5
aZu a4u aZu Py — 2 2.5m 0.61m

mﬁ+E1@—N@+p(u)=q

B ) v




4.FE-BE model

‘ KU LEUVEN
Van Oord



4. FE-BE model
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5. Case study: Horns Rev - Static

Soil characteristics i .
Elastic soil parameters:

Shear modulus:— Seed et al.
Gmax = 220(K2)max(0,m)1/2
(K2) max = f(®)

Poisson’s ratio (drained):
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T
Depth Soil type Densit Friction Reinterpreted “‘":H
40 [m MSL] [KN/m angle Friction angle — 10} R
-9.9 SAND 20 44 42-45 £ .
-12.8 SAND 20 40 42-45 £ 15l AN
-15.8 SAND 20 33 40-43 o .
-18.8 SAND 20 33 33-38 0 4 N
-21.8 SAND 20 33 33-38 Y
-24.8 SAND 17 22 34-387 \
-26.8 SAND 17 22 28-34 251 \
-28.8 SAND 17 22 28 - 34 \
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-~ S . . 0 4 B 8 10 12 14
-30.8 SAND 20 28 28-34 ;
Shear modulus [Pa] % 10
Hald et al.
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5. Case study: Horns Rev - Static

Current design practice
Kallehave et al.
Sorensen et al.
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5. Case study: Horns Rev - Static




5. Case study: Horns Rev - Static

FE-BE model

Current design practice
Kallehave et al.
Sorensen et al.
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5. Case study: Horns Rev -
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6. Case study: Belwind - Static
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6. Case study: Belwind - Static
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/. Case study: Belwind - Dynamic

OWI-lab: accelerometers— 5 modes

FA1 (0.361Hz) SS1(0.366Hz) FA2 (1.201Hz) SS2N (1.449Hz) FA2N (1.560Hz)
1 1 1 100 00

0.361 11.7
SS1  0.365 15.7
(FA2) 1.204 452
SS2N  1.449 8.67
FA2N 1560 7.16
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/. Case study: Belwind - Dynamic

Primary wave (undrained)
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/. Case study: Belwind - Dynamic
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/. Case study: Belwind - Dynamic

Current design method 0.381 1.46 3.81
Kallehave et al. 0.392 1.57 4.05
FE-BE model 0.391 1.53 3.94
Devriendt et al.

Measured FA1 0.361 -5.3

Measured SS1 0.365 -4.2

CDM literature 0.345 -9.5

CDM calculat(0.381 -

Kallehave et al. 0.392 +2.9

FE-BE model 0.391 + 2.6

| e



/. Case study: Belwind - Dynamic

Devriendt et al.

Bl | 06 | 2 | 5
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8. Conclusion e 7 s/
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