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ABSTRACT: With the proposal of the "3060 dual carbon" goal, wind energy has emerged as a crucial component
of renewable energy sources. To achieve the objective of cost reduction and efficiency increasing, this paper in-
vestigates the structural parameters of high-pile cap foundations, aiming to uncover their influence. Utilizing GH
Bladed software, the impacts of pile diameter, steel pipe pile wall thickness, and pile spacing on the dynamic re-
sponse of offshore wind turbine towers are analyzed. The results indicate that, under specific external loads and
environmental conditions, variations in pile diameter, wall thickness, and pile spacing lead to different degrees of
change in maximum displacement and acceleration at the tower top. Generally, as pile diameter, wall thickness,
and pile spacing increase, the dynamic response of tower top displacement exhibits a gradual decrease.
KEYWORDS: High-pile cap foundation Structural parameter analysis Dynamic response Displacement
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Tab.1 Wind turbine parameters
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Tab.2 Tower parameters

B FihbEpE | HAR | BER | PR | HUEHIE
/m /m /mm /(kg/m) /(N -m?)

1 0 5.50 | 39 6540. 39 5.24 x 10"
2 6.5 5.50 | 28 4705. 14 3.78 x 10"
3 11.5 5.50 | 27 4537.90 3.65 x10M
4 16.5 5.28 | 23 3715. 00 2.76 x 10"
5 21.5 5.13 | 23 3605. 77 2.52 x10"
6 26.5 5.13 | 23 3605. 77 2.52 x10"
7 31.5 4.82 | 22 3240. 70 2.00 x 10!
8 36.5 4.70 | 22 3160. 02 1.86 x 10"
9 41.5 4.54 | 20 2778. 40 1.53 x 10"
10 46.5 4.31 | 19 2503. 92 1.24 x 10"
11 51.5 4.15 | 18 2286. 67 1.05 x 10"
12 56.5 4,02 | 17 2089. 25 8.99 x 10'°
13 61.5 3.88 | 17 2018. 03 8.10 x 10"
14 66.5 3.73 | 16 1823.73 6.75 x10'°
15 71.5 3.58 | 16 1753. 54 6.00 x10'°
16 76.5 3.43 | 16 1675. 04 5.23 x10'°
17 81.5 3.32 | 30 3027.29 8.78 x 10'°
18 87.4 3.32 | 30 3027.29 8.78 x10'°
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Tab. 3  Dynamic calculation of operating condition
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of pile foundation with

elevated cap
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Fig.3  Wind speed time history curve
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Fig.4 Wave height time history curve
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Fig. 5 Time history curve of tower top displacement

under 1m pile diameters
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Fig. 6  Frequency spectrum of tower top displacement

under 1m pile diameters
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Tab. 4  Displacement statistics under different pile diameters
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Fig. 7 Time history curve of tower top acceleration

under 1m pile diameters

[ B, 28 el bRl o L 2 15 2] 5 T e 2
ARG I AN 1] 8 TR

0. 08

o

o

>
T

g R/ (m/s?)
=
R

o

o

2
T

SV

1 1 1
0 0.1 0.2 0.3 04 0.5
BZE Mz

8 R 1. Om EETRAME & L

Fig. 8 Frequency spectrum of tower top acceleration
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Tab. 6 Displacement statistics under different pile thickness

BEJRE/mm | (RS I KME/m | ARSI/ m | ISR HEZE/m
20 0. 8539 0. 7203 0. 0456
30 0. 8242 0.6917 0. 0445
40 0. 8172 0.6816 0. 0444
50 0. 8067 0. 6686 0. 0442
80 0.7997 0. 6632 0. 0437
100 0.7883 0. 6537 0.0434
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Tab.7  Acceleration statistics under different pile thickness

BEJS/mm | IR (m/s®) | IR (/%)
20 0. 3087 0. 0953
30 0.2782 0.0912
40 0. 3079 0. 0922
50 0.2563 0. 0805
80 0.2821 0. 1002
100 0.7883 0. 0922
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Tab. 8 Displacement statistics under different

pile layout radius

AiiBE 42/ m AR KA/ m RiRF 3 {H/m
3.5 0. 9070 0.7912
4.5 0. 8651 0. 7451
5.5 0. 8419 0.7326
6.5 0.7814 0.6614
7.5 0.7628 0. 6405
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Fig. 15 Time history curve of tower top acceleration

under pile layout radius of 3. Sm
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Tab.9  Acceleration statistics under different pile layout radius
AHEAR/m | R A/ (m/s”) | I bR/ (m/s?)
3.5 0. 1663 0. 0607
4.5 0. 1675 0. 0638
5.5 0. 1688 0. 0661
6.5 0.1725 0. 0659
7.5 0.1913 0. 0669
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