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Motivation

• Importance of wind-wave misalignment on fa-
tigue damage is well known

• E�ect of wave spreading is less known

• Assuming long-crested waves is shown conser-
vative for a few isolated cases [1, 2]

• Deeper water and increased monopile diameter
increases importance of wave loads and rele-
vance of wave spreading

• Assuming long-crested waves may become non-
conservative as wave loads become dominating

Method

• The DTU 10 MW reference turbine is placed on
a monopile foundation

• Di�erent wave sensitivity is modelled by alter-
ing the mode shapes

• Three soil sti�nesses analysed

• Natural period tuned to same value by varying
wall thickness in tower

• All other design parameters kept unchanged

Models

• Variation in 1st and 2nd fore-aft mode shapes
are shown in Fig. 1

• Equal natural frequencies achieved for �rst
global modes

• 2nd modes are outside wave-frequency range
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Figure 1: 1st (left) and 2nd (right) global fore-aft
modes

Mode Base model Sti� soil Soft soil
1st fore-aft 0.21 [Hz] 0.21 [Hz] 0.21 [Hz]
2nd fore-aft 1.05 [Hz] 1.30 [Hz] 0.97 [Hz]
1st side-side 0.21 [Hz] 0.21 [Hz] 0.21 [Hz]
2nd side-side 1.01 [Hz] 1.37 [Hz] 1.00 [Hz]

Lifetime fatigue analyses

• Lifetime fatigue damage calculated at most crit-
ical positions in monopile and tower

• Environmental data from Dogger Bank area

• Damage calculated for aligned wind and waves,
as well as misaligned wind and waves with long-
crested and short-crested waves

• DLC 1.2 and DLC 6.4 considered

Sensitivity to wind and wave loads

• Variations in the mode shapes will in�uence the importance of wind and wave loads for fatigue

• Sensitivity is illustrated by calculating fatigue damage assuming aligned wind and waves

• Contribution to lifetime fatigue damage per wind speed is shown for most critical position on monopile
(Fig. 2) and tower (Fig. 3)
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Figure 2: Monopile
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Figure 3: Tower

• Model with soft soil has a larger contribution to lifetime fatigue damage from wave loads. This corresponds
to high wind speeds in Fig. 2 and 3

• Model with sti� soil has a larger contribution to lifetime fatigue damage from wind loads. This corresponds
to wind speeds close to rated in Fig. 2 and 3

E�ect of short-crested waves

• The lifetime fatigue damage is calculated assuming both long-crested and short-crested waves

• Wind-wave misalignment now taken into account
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Figure 4: Ratio of maximum fatigue damage when assuming short-crested or long-crested waves

• Fig. 4 shows the e�ect of assuming short-crested or long-crested waves

• For all models, assuming short-crested waves increases the fatigue damage in the tower

• For the monopile, assuming long-crested waves is conservative only with the sti�est soil

• This is consistent with the reduced sensitivity to wave loads as the soil sti�ness increases

Conclusion

• It may be both conservative and non-conservative to assume long-crested waves when designing o�shore
wind turbines

• As the sensitivity to wave loads increases, assuming long-crested waves becomes increasingly non-
conservative
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