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Small-displacement behavior of offshore wind power monopiles subjected to
static lateral loading
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Abstract: The centrifuge tests and numerical simulations are carried out to explore the small-displacement behavior of 9
m-diameter offshore wind power large-scale monopiles with various embedment depths. The results show that as the
embedment depth increases, the rotation center gradually moves downward, and the nonlinear characteristics of lateral
displacement and rotation angle distributions along piles are gradually enhanced. The difference among p-y curves of monopiles
with various embedment depths gradually increases with depth. In terms of trend, the p-y curve changes from convex to
concave with the increasing embedment depth. In terms of magnitude, the initial secant modulus at the same depth can differ by
4 times. It can be explained as follows: when the same lateral displacement occurs at the same depth, the monopiles with
relatively smaller embedment depths show smaller influence zones of both radial and circumferential displacements in the
surrounding soils, and then the soil strain is larger, which eventually contributes to a larger horizontal resistance on piles. The
research results help to deepen the understanding of the load-transfer mechanisms of large-diameter monopiles, and to provide a

theoretical basis for the optimization of associated design approaches.

Key words: centrifuge test; finite difference method; monopile; p-y curve; embedment depth

0 39 _.%— 9 m, i‘%ﬁﬁﬁi@iﬁiﬂEﬁiﬁﬁﬁﬁ%ﬁ@%jﬁﬁﬁﬁ
PUREELR AT R R . M TE . e A B 105 m, SR HTUINETE BB K ELAREE . R

SR, AT KR I TS R = ,5 H HU"ETX]‘JH:J—%M%E’JEﬁﬁéiffﬁﬁﬁﬁﬁﬁﬁniﬂ'\
PR X I SRR 22 5 1) 70% LB, i

N HEeWH: TEKIL=0ERARARRPIGHE (202103016); EXK
R, it R XL R SN R RS $1ﬂ2 ERBIAIE I H (51809290, 52209171); PuJEE [ 6 X 5 A 0F & 1 &1
BRTF AN, X FE Ak 2 b R M e A B i R S, WiH (XZ202101ZY0002G)
R T AR BH YL L X b B A ) B K ELAR IR WisE#: 2023-09-21

@ E/EHE (E-mail: zhangzt@iwhr.com)




338 "+ T OB % M

2025 4F

PR MRS AR — A KT 2.5 mBS), i B0
RIS BN JFE B A2 — A KT 6.5 m™10, [k,
FEREMEAR 9 m (18K B A2 AT S Atk /K P A B PERE 72
Se oy E

I R HLZH 22 4 R e I8 A7 5 SRt a5 A TR 1)
BORMA =, KT AR AT R OB R ANE T2
Rhab M R BRAR B RE 77, A THLAIE R 21T IRE,
FLp AR bR B AT I B IR A B KPR
RT3 5] R A A AR A7 0 8 A 2 4 v 1)
R s Ve THT AL A BRAE A 0.5° , R T iR 2 ME
0.25° , FEANIEAT WIS M IR AR TR BV AL
9 0.25° o FPEFTE NB/T 101053 7 R . T
JE#R 156 THEARSZ D38 0T, 2 1B 4 F AR BRIR
oM. 7 ERENLAHERE TR, poy
i 2635 2T R A LA o B i A T v AR
M, Xl KEA SRR, CEFRDS IR API
FTEUHETER p-y HIZVEAAAE Al W) AR R NI B L IS
W BRAR S ACFHL IR S, 2504 p-y B2 R Bk
& (Ap/Ay) FERWIGEHEERIEE, /NG 244 T NI
BB, SRTIAE KA TE 24 AE TRIBETH AR /N B
Fi 23 PUFE HIX — 5 B 2 3 B b X A Rt 1A
TR FARSE . SR, WIRTATAR, MR R T
INESR K AR R . S AP HLIEHERE () p-y HIZR X}
NS ENLRAR B (Ap/AY) AFAERBCRREE I m il 1E%
AT TOUT (P SRAE SR A S T A T R, M5
Mo 5 A4 AR % 1 ik« Abdel-Rahman ZEU8IWF 5K IR, %
API HEFEI p-y BMEIERAL T Ko/ A S i Ak
iff, (RAHFERE AL 20%. KL, RS KER
FAREFER N R ERE, R py iiZE
X TR K AR SRR R )3 VG

A SCEF AR 9 m K AR AL At A
OB IS A BUE A 5, E U AR Tt R AN ]
A TR P 00 SR R A A B AR AR S0 AR B
IRIEALW py IR WA RIRE = A6, 118 p-y
2y iaE P, R B ) 3 A B R AR B 3 B
B DT VR FE AR AR . B FE R A BT IR A K
1 B AR AL IR, v BRI R
PBEE R IR .

1 BRI

B ORI A FE H B KR 400g-t KB L T8
OHUIFRE. Z& NI G HiEIE 1000g (1) 5EE 1
T 0L, AT FEC(10g~200g) - 5% (2002~ 1000g)
PR AT o AIGE L HUBR, R A B0 i
TN 100g, B N=100. BAPEIT, JedeOF]

IR E RN 4.9 m, Kk 2 kN, B
WA A 1.5m (FERD X1.0m (JJFH) X1.2m
(R, ik R B <0.1g.

TG BT FH PR 00 28K 18 2% Sy 2 T VRS 1 0L 1) 7K P
BN E, WHERUEYE. AR, EHge. IR,
RIS F B DU R AR RS RTINS E
SRR . BAFE N S EARA 700 mm, =N
680 mm, JNZE s AR Y AR PN A ()RS T R BN 66~
101 cm, FRINESIA 2 kN, 5K E QIR A 100g,
AISEELEL A SR K INER, IR SEEE R RN A A
HnEk, EFRNESE N 0.1~10 Hz, 100g KA
BE N 10000 IR ASE B 08 K F BRER 45 K
BLRMAR, (RREINE A TR b, BT S
iR (UEEMZR 5 1R YA ZBR S, BEimE1S AT 4
A BRI LSO, BAREOR 0] 2 WOCHR[19,
20].

(N7

AR B oA AR DA AR i b X 37 K
1PN SE AL TR T A 2SR, oA BR Y BE AR 9 m,
BEJE 9 cm, K 98 m, H[EIVRIE 47 m, MUAL AR
HUT LA D A 3 RIS A 32 BRI A b H L |
FBEIEREP R 2y, WK 1 Fon. iR R E N 490
mm, 7E 100g 21~ Al BAUE A 49 m (1) R AL A
FERORY DR FH PG U+ R S s by IR A %, HLg)
B 2R 2 R, Y% SHS R 1, Hipsg
FEFRAR N =l B S5 HE ARG &5 R . AR AR A &
Hil45, 4MER 90 mm, EEJEH 3 mm, HEBIE 69
GPa, HEAATTE NIEE EI N 53.6 kPa-m®, R RUEHTE
MIFER 1/N*; S TR A 470 mm, A JE AU (L=47 m)
() 1/No Hb, T3 AT A X B (R AR A . B AR
B RIAR 2~4 mm FILIRR)Z, LR N 1 em
RiZEKE, AE TRy bt Y (R RN . AR aler ke FH 5
VLRI, NS FE YR 510 mm (A 51 m), #
P 980 mm (JREY 98 m). TFHiIAMI 2, ZEsLhr T
T, A ERES KA 255 B A A B (1) 20
B AR IS b v PR B AR IO, T RE
AFAE— 8 I TN, WTRT 68 2 v it A iy i 30w 7B T 25
FEAR, AR BE AR BEARAR TEA 2 N

1 MEMIENESH
Table 1 Properties of silty sand

o N oo RATE BE AR
i B T;% %E/Qﬁi}% By
w8 o N8 (gem?®  kPa  (°)

2.69 1.55 62 1.87 1.21 4 33

1.2 RENE

9 DA B AR, i L AR SRR AT B



OB, AR R SRR N KT AR BRI T 339

52 1
M
I — T e OB
J— Sle fiRas
i — o R
i
S 90
o
.3
T S2% A2/A1 B4/B3
g &
i A4/A3 B2/B1 _| k
A5 B5 S N
A6 B6
A7 B7
A8 B8 & SE
A9 B9
A10 B10
Al1l B11 B |
| 700 £l !
[
Bfi: mm
B 1 BRI EE
Fig. 1 Experimental setup of centrifuge tests
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Fig. 2 Grain-size distribution curve of silty sands used in

centrifuge tests
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