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Natural Periods and Ductility of the Substructure consist of Truss Tower
and Jacket Foundation for Offshore Wind Turbines

Kinji SEKITA and Hiroshi OHKUBO

Abstract

To construct offshore wind turbines (OWT) in such a country like Japan where typhoons attack every summer
and earthquakes occur frequently, due considerations to them are indispensable. The support structure to mount a
wind generator has enough flexural stiffness and strength, and has the shape such that isn’t liable to receive effects
of the wind. Further, it is necessary that the first natural period of the OW'T structural system avoids various periods
such as a rotational period of a rotor, a 1/3 period that a blade intersects with the tower, wave periods, so as to reduce
excessive vibrations and the fatigue damage. Most popular substructure is a combination of a monopile foundation
and a cylinder tower with the large diameter and thick plate. A jacket foundation with a conventional tower was for
the first time adopted for a SMW-OWT which erected near Beatrice oilfield (depth of the water 45m) off 25km
Scotland in 2006. As a candidate substructure to answer the above-mentioned request, the support structure that truss
tower made by steel pipes and a jacket foundation may be appropriate. Therefore, we made a comparison of the
influence of both truss and conventional towers onto wind loads and powers generated with excellent results. The
paper presents structural and earthquake proofing performances about this new support structure obtained by the

structure analysis considering pile and soil interaction, Eigen value analysis and push over analysis.
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Table 2 Structural properties of rigid frame members

Elevation (m) diameter | thickness Steel oy**
(mm) (mm) grade (N/mm?)
can EL+87.7~+85.7 1500 50 SM490Y 335
leg EL+85.7~+63.0 1500 25 SM490Y 355
can EL+63.0~+61.0 1700 50 SM490Y 335
leg EL+61.0~+36.0 1900 32 SM490Y 355
can EL+36.0~+34.0 2100 50 SM490Y 335
leg EL+34.0~+9.0 2300 38 SM490Y 355
truss can EL+9.0~+7.0 2300 50 SM490Y 335
leg EL+7.0~-11.0 2300 38 SM490Y 355
EL+86.7 900 15 SM490 315
EL+62.0 950 15 SM490 315
horizontal brace
EL+35.0 1140 19 SM490 315
EL+8.0 1380 23 SM490 315
diagonal brace (all braces) 450 9 SM490 315
leg EL+2.5~-10.0 2452 38 SM490Y 355
EL+1.15 1380 23 SM490 315
jacket | horizontal brace

EL-9.25 1380 23 SM490 315
diagonal brace (all braces) 400 9 SM490 315
without fins EL-11.0~-13.0 1800 40 SM490Y 355
piles with fins* EL-13.0~-40.0 2800 14 SM490Y 355
without fins EL-40.0~-45.0 1800 40 SM490Y 355

* equivalent member property, ** yield strength
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Fig.3 Dimensions of pile with four fins
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Fig.4 Mode shape of structure
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Fig.5 Deformation curve obtained by a pushover analysis

Table 3 Sequence of events in push-over analysis

events contents loads (ratios) displacements (m)
@ buckling of diagonal braces 1641kN (0.56) 0.66
in the middle truss bent
® buckling of diagonal braces 1728kN (0.59) 0.70
in the upper truss bent
® pullout limit of piles 1896kN (0.64) 0.81
@ first yielding of 2¢ 2203kN (0.75) 1.29
horizontal frame
® first yielding of front pile 2516kN (0.86) 1.79
® yielding of heads of three piles | 2565kN (0.87) 1.88
@) buckling of diagonal braces 2665kN (0.91) 2.07
in the lower truss bent,
initial plasticity of 279
horizontal frame
initial plasticity of front pile | 2769kN (0.94) 2.27
©) plasticity of three piles 2797kN (0.95) 2.34
final 2894KkN (0.98) 3.14
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Csr 3.5 Oe 0.66 Fu=2,798kN
Car 1.1 Oc 3.14 Ad=1,790kNm
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