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Effect of Skirt Length on Behavior of Suction Foundations for Offshore Wind
Turbines Installed in Dense Sand Subjected to Earthquake Loadings
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Abstract : This study aims to analyze seismic responses of suction foundations for offshore wind turbine. For this
purpose, dynamic centrifuge model tests were carried out. The skirt length of the suction foundation is a critical
element for bearing mechanism against environmental loads. Thus, dynamic centrifuge model tests were performed
and analyzed for three suction foundation models with the ratios of skirt length to suction foundation diameter of
0.5, 0.75, and 1 installed in dense sand. As results, the acceleration amplification at the suction foundation, residual
settlement, and residual tilting angle were compared.

Keywords : offshore wind turbine, suction foundation, skirt length, earthquake loading, dynamic centrifuge model
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Table 1. Scaling factors for centrifuge modeling (Schofield, 1980;
Taylor, 1995).

Physical variable Scaling factor (model/prototype)

Stress 1
Strain 1
Density 1
Length, Displacement /N
Acceleration N
Time 1/N
Force /N
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Table 2. Dimensions of suction foundation models used in dynamic centrifuge model tests.

. Model Prototype
Foundation
models Length Skirt, L Diameter, D Aspect Ratio, Length Skirt, L Diameter, D Aspect Ratio,
(mm) (mm) L/D (m) (m) L/D
Model-1 354 70.8 0.50 2.1 42 0.50
Model-2 542 70.8 0.76 33 42 0.76
Model-3 70.8 70.8 1.00 42 42 1.00
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Fig. 3. (a) Time history and (b) frequency contents of Kobe earthquake (prototype scale).
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Fig. 4. (a) Time history and (b) frequency contents of El Centro earthquake (prototype scale).
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Fig. 5. Model setup with instrumentation: cross-sections of (a)
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Table 3. Excitation records (prototype scale).
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Model-1 and 2 Model-3
Excitation ID  Input motion Bedrock® Free field™* Excitation ID Bedrock® Free field™
Peak acc. Peak acc. Peak acc. Peak acc.
(2 (2 (2 (2
1-K1 Kobe 0.081 0.192 2-K1 0.071 0.189
1-K2 0.088 0.193 2-K2 0.075 0.189
1-K3 0.113 0.221 2-K3 0.081 0.201
1-K4 0.086 0.217 2-K4 0.131 0.315
1-K5 0.150 0.322 2-K5 0.155 0.321
1-K6 0.161 0.323 2-K6 0.228 0.450
1-K7 0.197 0.388 2-K7 0.241 0.476
1-K8 0.211 0.441 2-K8 0.233 0.475
1-K9 0.258 0.493 2-K9 0.310 0.543
1-K10 0311 0.508 2-K10 0.333 0.562
1-K11 0.319 0.531 2-K11 0.323 0.571
1-K12 0.389 0.531 2-K12 0.323 0.571
1-K13 0.389 0.562 2-K13 0.375 0.644
1-K14 0.391 0.590 2-K14 0.395 0.660
2-K15 0.389 0.678
1-El El 0.076 0.191 2-El 0.088 0.170
1-E2 Centro 0.076 0.170 2-E2 0.085 0.182
1-E3 0.136 0.265 2-E3 0.085 0.185
1-E4 0.135 0.275 2-E4 0.142 0.292
1-E5 0.195 0.306 2-E5 0.146 0.300
1-E6 0.195 0.315 2-E6 0.140 0.296
1-E7 0.255 0.348 2-E7 0.185 0.340
1-E8 0.257 0.348 2-E8 0.184 0.337
1-E9 0.341 0.417 2-E9 0.190 0.351
1-E10 0.359 0.430 2-E10 0.254 0.381
2-Ell 0.258 0.383
2-E12 0.263 0.385
2-E13 0.359 0.476
2-E14 0.370 0.476
2-E15 0.360 0.481
* Measured by the accelerometer A27 at bedrock
** Measured by the accelerometer A09 at free-field
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