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Ice-induced vibration and parameter sensitivity analysis

for a monopile supported offshore wind turbine
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(1. Offshore Engineering Technology Center of CCS Tianjin 300457 China; 2. School of Naval Architecture Ocean and Civil
Engineering Shanghai Jiao Tong University Shanghai 200240 China)

Abstract: A dynamic analysis model is established for ice-induced vibration analysis of the bottom-fixed wind turbine in Bohai Bay.
The PSI curves applied for the large diameter of monopile are used for simulating the interaction between pile and soil by using the
SACS software. Modal analysis of vibration response is performed. A spectral density function is used for obtaining the dynamic ice
forces on vertical offshore structure. Ice-induced vibrations of the support structure of the bottom-fixed wind turbine are developed with
the semi-coupled time domain method. Therefore accelerations of the top of the tower base shears and overturning moments of the
monopile are calculated in time domain. Besides a serious of sensitivity analysis of the support structure is obtained with respect to the
ice parameters of thickness velocity and strength. The results show that the ice load and structural dynamic response are sensitive to ice
thickness and sea ice strength under random vibration. The ice thickness and sea ice strength should be reasonably determined in
ice-induced vibration analysis.
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Tab. 1 First six modes of support structure
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Fig. 2 First three modes of support structure
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Tab. 2 Parameters of sea ice
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Fig. 3 Random ice force spectrum and time history
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Fig. 4 Time history and PSD of acceleration at tower top
2500 . . . . . ol 250
Z 1500 %i‘\ 200
5 =2 150
g 500 R é
i B A 100
= =g
-; =500/ iﬂ]ﬁ sol
=
=y
- 5000 50 100 1/50 200 250 300 0() 1 2*7?/1—[ 3 4
s 2F Hz
(a) TAAFZERETT ST RE H 2k (b) HAHEEEETT Ik
5
Fig. 5 Time history and PSD of base shear
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Fig. 6 Time history and PSD of overturning moment
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Tab. 3 Statistics of ice-induced vibration response results
1/10 1/100
0.12¢ 0.09¢ 0.11g
/kN 2 270.0 1783.3 21249

/( kN * m) 25 481.5 16 865.2 20 634.8
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Tab. 4 Results of ice thickness sensitivity analysis
1 2 3 4 5
/em 23.0 27.0 30.0 33.0 36.0
/( %) -20.0 -10.0 - +10.0 +20.0
/(%) -23.3 -10.0 - +10.0 +20.0
1( %) -22.8 -10.0 - +10.4 +19.9
/( %) -22.8 -9.5 - +10.3 +19.9
1( %) -23.2 -10.2 - +10.6 +20.1
3.2
2 50 em/s +10% . +20% o 5
5
Tab. 5 Results of ice velocity sensitivity analysis
1 2 3 4 5
/(em+s™") 40.0 45.0 50.0 55.0 60.0
/(%) -20.0 -10.0 - +10.0 +20.0
/(%) +0.6 +0.3 - -0.3 -0.5
/(%) -0.8 -0.3 - +0.1 +0.3
/(%) -1.7 -0.3 - +1.0 +1.3
/( %) +0.2 +0.7 - -0.6 -0.8
3.3
2 1.80 MPa +10% ++20% o
6
Tab. 6 Results of ice strength sensitivity analysis
1 2 3 4 5
/MPa 1.44 1.62 1.80 1.98 2.16
/(%) -20.0 -10.0 - +10.0 +20.0
/(%) -20.0 -10.0 - +10.0 +20.0
1( %) -19.7 -10.0 - +10.4 +19.9
/( %) -19.6 -9.5 - +10.3 +19.9
/(%) -19.5 -10.2 - +10.6 +20.1
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Tab. 7 Sensitivity indexes of sea ice parameters with respect to ice loads and dynamic responses of monopile structure

1.17 1.14 1.14 1.16
0.03 0.04 0.09 0.01
1.00 0.99 0.98 0.98
4
SACS PSI
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