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Abstract: [Objective] Large-diameter monopile foundations are widely used in marine engineering in China and are typically installed
through penetration. Due to the impact of the pile hammer, the pile body experiences continuous impact loads during the driving process,
making it susceptible to fatigue issues. Therefore, it is particularly important to study the penetration process and fatigue damage of large-
diameter monopile. [Method] This paper focused on the large-diameter monopile foundations. Based on the engineering field test data, a
segmented pre-setting modeling method was proposed to address the issue of excessive computational workload in continuous pile
penetration, allowing for segmented calculations of the monopile driving process. The feasibility of this method in calculating the

mechanical response of the pile body during driving was verified. Time-history responses of displacement, velocity and stress at target
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points on the monopile under a single driving action were obtained. Fatigue damage at the welded position of the monopile varying cross-
sections was calculated using the S-N curve and Palmgren-Miner theory. [Result] The results show that the proposed segmented pre-
setting modeling method effectively reflects the mechanical response of the pile body under driving action. The trends of displacement,
velocity and stress are in good agreement with the measured data. The error between the simulated maximum stress value and the
measured value is within 10%. [Conclusion] The damage to the target cross-section of the monopile caused by a single driving action is
directly related to the effective driving energy received. After 1017 hammer strikes, the fatigue damage at the welding position of the

monopile varying cross-sections is 7.578%, accounting for 22.734% of the fatigue life under the designed safety premise. Therefore,

attention should be paid to the fatigue damage of the pile body caused by the driving during the penetration process.
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2095-8676 © 2025 Energy China GEDI. Publishing services by Energy Observer Magazine Co., Ltd. on behalf of Energy China GEDI.

This is an open access article under the CC BY-NC license (https: //creativecommons.org/licenses/by-nc/4.0/).

0 3l

g BRIy 2o BT IR 2 6 L A e M e o R Bli
BRI, BRI T AR SR R R ) TS 40
B, B A ERAE R SR AW K, 1 1 XBLIY %
Bl 5B S BT ORI R XL
XL A i A S TR A K, (R TR TR SRR
il TAERERER, HLERSE AR E A 2%, DA I RERE 45 44 (4 1
AR O Y A R E AR SR E LR (P 1)
HARE I W TR A AR X BRI, B
2l L IR AR caab IR S S T I WS

il

1 KEZ SR

Fig. 1 Large-diameter monopile foundation
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Tab. 1 Soil layer parameters of monopile target position
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Fig. 2 Simplified geometric dimensions of monopile

1.3 T’ATRE

BARER R LE A4 A E U, AR T DR
Sy 3 4B B, e 4 o0 BUEE R SRR A TR
FEh 46.64 m. Jr {fi FH #F k>4 Hydrohammer® IHC-
S3000 ¥ AR, O BT R 150 ¢, A RRIE A BT
ol 625 t, FE T H R O 35 bl/min, HEAEE i BR A #S
CE T RE L THER, LUR O o o o) 72 0 o g S AT
AEVR 2 ) 5 356
1.4 BRZNKEHE

Sk T FREURE B i 10, ARl S S AT A I AR R



150 R RETR A I

LERVE

5) (JGJ 106—2014) ™) ) J5 i, 78 LR AT JE T 1
I AR TR, o R R A A SR B AE T B AR
79 m bW TED b R IR ), 43305 5 TR
J&#(42.55 m, 43.55 m, 44.55 m, 45.55 m. 46.60 m) Jf
117 R AR E C 5%, Wl 3 B, Horp (o B ek
BIBE TN IE, Bz R IE

ML 3 A AT L& B, D DR I A R ] 47 8 A
0.0110 s iKF 5 — I (H, 7F 0.0395 s ik 2 55 U4 fH;
B 1) T EE B RUAE 0.003 5 s GAF 5 —I41H, 0.0350 s 35
P55 UEAE, 7F 0.0445 s 3K B d5e/ME; B 16 B ) AE

0
5H o "’.’,”,.
g P P
g 10 7\ sl ‘\’{i— S
R N i <
= / 4255
E15 - - - 43.55
B4 7
rrrrr 44.55
20 —-—--45.55
—---46.60
25 : : :
0 0.05 0.10 0.15 0.20
t/s
() bR 177 5% 1] o7 B ) A
3.0
! —— 4255
25H ——— 43.55
-~ 204 4455
i —-—--4555
g 15 - 46.60
1.0
b
E 0.5
X 9
-0.5
-1.0 ' ' '
0 0.05 0.10 0.15 0.20
t/s
(b) DT 17 8% o) R 38 i
150

—42.55

i) N 1/ MPa

0.05 0.10 0.15 0.20
t/s

(c) DI AT 8% ] 7 g g 7

B3 ST
Fig. 3 High-strain test data

0.0035 s IX B F K ), BEFG7E 0.0335 s J5 1A 3 i
P A

25 0T 0 DR T ) 5 0 v g AR A ) A Ak R
AR 3, B R TE A IR IR B R R, B S
G2 TR ) RE A — R K, AR TR, B S
R IR 0 my/s B3l . ) 1 ) 20 — I e K
JER 7, B G B — 4 R de R P 77, 5 e —
WA Ay e 1N 3L, $5e S G IO T E 0 MPa %31

2 EREHEEFRANIREREZEEREU

21 SBEWMER

o3 BOTUE VAR PR A AR R — 1 2 BUA B B
— R T BEAT AR, B A 2 TR JEE B 3 B Ak
OB g 22 O FEAS AR ], DA T e 24— i 70 T3¢
AT A R R — B 2L AL R ER . BAAR,
FHAE A Y 4 S e o o A oy, BV B PR A () o B
Xt IO B AR BE T 935 LR T 0, R B TR T
7T TR B, Tt hnox 1 T 00 it g, I EAT
AR, W& 4 R o AL s 42 T Oy
ERACE T B T LAY 4R, R T3
o (HIZIT AR — S B BRI, R R TUE T
PRIE—TRIE, 200 1 HANEEE L B RN ARt
zfy, B 20 1 S T B0 B B e A Y A ZE RN A
PEEAEAR AR

THL 1| Fi(0)
Iﬁdﬂm

Iﬁdﬂm

B4 BERESEBMEETEE
Fig. 4 Schematic diagram of segmented pre-setting method
for elastic monopile



513

Wik, 45 il P S SR b XU R ELAR SRR A 5 55 45 1 R 1 151

22 EEBH

T ABAQUS A7 B 7 8K 4 48 57 4 M FTAE 14 11y
B
22,1 +ik

R HARBCRME R EARRY 20 £%, B 156.00 m.
% L BIMEAR 58 B R o B 2S00 A VR 46.64 m,
TARTREEBCAREAR A LU 2 A5 LA, Bl 100.00 m,
FARTAI TR 1.00 m RIS IR, H AR H L8 9
T (C3D8R), T/ Bl i, Jo75 75 i A% K AR
&, R AT DAASE FH B 0 s B H RAS R 1715
AR R SR FH R SR AR B AR, B4R JE M an e 1
o HH 2R HE . EgRE . ORR A
SRR b R 3 1 3 S g . ph R A AR A
DOt NS =T EBUN i ) 1B S N Y N3 DG U
o R A RHEK . EARIARA L 1 2% Bishop™
4 FF D ATF 58 UL, 100 FDRS M £ UK 0.487, 1R Fnab4
+ R 0.470, HACE AJZECH 0270, Z 0% K1
B K, B9 K fA BB ABAQUS $R 143247 R BREAT
IUH, Z8—BCh 0.1, W TARS it Tl & A
IR, Fld A B E — RS ER W 3h Jrid # E
KA A B 18 7K S i T DL 38 58 4 Ok R e
PR HR L e B b 4 kA T e
222 Mk

FEAARAR $5 1) PR AR AR g 57, A SOh s, Ja
Wz 2 iR,

K2 BiESEMESH

Tab. 2 Elastic parameters of monopile body

WM KA, N4 —T00F At Lk
AL F AR AIRAS, T5 XS 13 A T00 o A 40 46 1o
TV e LLTBL 12 S, S e A2 2R anlal s B s
AR ) i o i 308 o A T TR 5 9 2 5 N

®3 EBERNBBTR

Tab. 3 Typical conditions of penetration process
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