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ABSTRACT

Recently, the research on renewable energy against depletion of fossil fuel have been actively carried out in the world.
Especially, offshore wind turbines are very economical and innovative technology. However, offshore wind turbines experience
large base moments due to the wind and wave loading, so the monopile with large diameter needs to be applied. For the
economical design of the large diameter pile, it is important to consider the flexibility of the foundation to estimate the
maximum moment accurately, based on studies conducted so far. In this paper, the foundation was modeled using the finite
element method in order to better describe the large diameter effect of a monopile and the results were compared with
those of p—y method. For the examples studied in this paper, the change in maximum moment was insignificant, but the
maximum tilt angle from the finite element method was over 14% larger than that of p—y method. Therefore, the finite
element approach is recommended to model the flexibility effect of the pile when large tilt angles may cause serviceability

issues.
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Fig. 1. Foundation models for evaluating foundation stiffness
(Bush and Manuel, 2009)
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Table 1. Analysis case for foundation modeling

Analysis Case Soil Type Foundation modeling
Case 1 soft soil fixed
Case 2 soft soil p—y curve
Case 3 soft soil FE modeling
Case 4 stiff soil fixed
Case 5 stiff soil p—y curve
Case 6 stiff soil FE modeling
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(v =submerged unit weight, =Poisson ratio, y¥=dilation angle, c=cohesion, ¢=internal friction angle,

E=Young's modulus, s,=undrained shear strength, z=depth from surface)
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Table 2. Average statistics of base moment and shear force: average of 100 ten—minute simulation results (mean wind speed

= 12 m/s, significant wave height = 5 m)

Shear force (kN) Bending moment (KN—m)
Average Maximum Average Maximum
Fixed base 556.6 2328.0 62837 104856
Stiff LPILE 582.7 24910 65350 108863
soll FEM 587.9 24743 65853 110438
Soft LPILE 586.7 2484 1 65660 112258
soll FEM 587.5 2521.0 65754 112170

Table 3. Average statistics of base moment and shear force: average of 100 ten—minute simulation results (mean wind speed

= 18 m/s, significant wave height = 5 m)

Shear force (kN) Bending moment (KN—m)
Average Maximum Average Maximum
Fixed base 3513 2148 4 40249 86081
Stiff LPILE 356.9 21867 40658 90921
soil FEM 354.0 22349 40390 87614
Soft LPILE 3595 2313.0 40806 90002
soil FEM 3597 2192 5 40761 91567
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Table 4. Average statistics of surge and pitch: average of 100 ten—minute simulation results (mean wind speed = 12 m/s,
significant wave height = 5 m)

Surge (m) Pitch (deg)
Average Maximum Average Maximum
Stiff LPILE 0.0087 0.0590 0.1075
soil FEM 0.0114 (+31.7%) 0.0228 (+37.9%) 0.0674 (+14.1%) 0.1243 (+15.6%)
Soft LPILE 0.0165 0.0330 0.0756 0.1454
soil FEM 0.0166 (+0.7%) 0.0343 (+4.0%) 0.0813 (+7.5%) 0.1545 (+6.2%)

Table 5. Average statistics of surge and pitch: average of 100 ten—minute simulation results (mean wind speed = 18 m/s,
significant wave height = 5 m)

Surge (m) Pitch (deg)
Average Maximum Average Maximum
stiff LPILE 0.0054 0.0367 0.0882
soll FEM 0.0070 (+29.7%) 0.0183 (+36,1%) 0.0413 (+12.5%) 0.0991 (+12,4%)
Soft LPILE 0.0102 0.0267 0.0469 0172
soll FEM 0.0103 (+0.5%) 0.0283 (+5,9%) 0.0504 (+7.3%) 0.1263 (+7.8%)
28 SREZMRI=EY HM13HE M4z
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Fig. 10. Exceedance probability of the platform pitch (mean
wind speed = 12 m/s, significant wave height = 5 m)
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Fig. 11. Exceedance probability of the platform pitch (mean
wind speed = 18 m/s, significant wave height = 5 m)

Table 6. Natural frequencies of side—to—side(s—s) and fore—aft(f—a) modes

1st s—s 1st f-a 2nd s—s 2nd f-a
Fixed base 0.274 0.276 1,589 1.867
LPILE 0.243 0.245 1.377 1.536
Stiff soil
FEM 0.242 0.241 1.366 1.489
LPILE 0.242 0,237 1.369 1.431
Soft soil
FEM 0.234 0.235 1.337 1.417
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