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Abstract: Wave—current forces acting on deep—water pile foundations constitute a critical design consideration for deep—sea
offshore wind farms and sea—crossing bridge engineering. In view of the vertical attenuation of current velocity in deep—water
environments, this paper develops a stratified—flow—velocity—based analytical method for computing wave—current forces on pile
foundations. The proposed methodology is validated against field measurements obtained from the U.S. Gulf of Mexico marine
testing platform. Subsequently, the method is applied to a Chinese offshore wind project situated in water depths exceeding 30
m, enabling calculation of wave—current forces on the pile foundation under various return periods. The results are compared
with those obtained by current standard methods. The influence of water depth and wind —generated current on wave—current
forces of pile foundations is analyzed. The study shows that the calculation method proposed in this paper achieves reliable
accuracy with an average error of 4% . The current standard method may underestimate the wave —current forces and base
moment of deep—water (water depth>30 m) pile foundations, especially for the base moment, the value calculated by the
standard method may be underestimated by approximately 10% . Apart from the wave elements, water depth and wind —

generated current velocity are also key factors influencing the wave—current forces of deep—water pile foundations. The impact
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of wind—generated current velocity changes on the wave—current forces of pile foundations should be given due attention. The

calculation method proposed in this paper can provide technical support for the design of deep—water pile foundations.

Key words: wave—current forces; deep—water pile foundations; offshore wind power; sea—crossing bridge
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Table 1 Comparison between measured total wave—

current forces of test platform and calculated
values by the proposed method
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Table 2 Basic design parameters
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Fig. 1 Vertical distribution of wave—current forces for
different return periods
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Table 3 Comparison of calculation results between the proposed method and the standard method
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Fig.2 Vertical distribution of wave—current forces for
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Table 4 Calculation parameters for water depth influence analysis
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Fig. 4 Variation of relative total wave—current forces with
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Table 5 Calculation parameters for wind—generated current influence analysis

B P/ | RS | KB dim | B Lim | KGR T e /(mes™) dIL | EKIRTAE KL FEAGE w0/ (mes™)
100 a —i% 13.02 16.36 25 240.1 0.85 0.104 0.45, 0.75, 1.07, 1.35, 1.65
50 a —ith 11.96 15.44 30 2424 0.85 0.124 0.45, 0.75, 0.96, 1.35, 1.65
5a—ith 7.92 11.91 30 175.3 0.85 0.171 0.45, 0.62, 1.05, 1.35, 1.65
AR AR . AT AR AR JE I 1m0 2R 7K 5 45iF

TR I A I e FOEAERT B w0/ 0 =0.53,
MUARXT B 1 FI(yHDd)TE 0.10~0.17 Z 6], HAK
BUE S AEX KR dIL A o Bl RUAE i sk A 14
K, MERK AL A T w0 5 K2
Tt RIS, B 0,0i0/1200.=100, W] FX(yHDd)
HIRZFEL 0.11~0.18, FIXF B SR T 4 6%~
10% o 247K AR KA T w0 PE— 2538 K )
LR 7K RSN e 1) 2 A0, BRI i/ o=
1.94, W] F/(yHDd)¥ K % 0.14~0.22, FHXFE D
WAEKRT 29%~40% . ML) WL, KU 3t it s AR
PO HERE B3 1 I RE AN 25 /N, TR rp i 5]
.

4 AR ITE

AR SCHRE P GRK R SE I U T R R T
Morison A7, PIHAGEH T D/IL<0.2 M3 /N
B B 18 . WX T DIL>0.2 B R R
JELEH, T IR AT IR S, IR T
TR TS, tES R N E AR, T
DEKBEARSE 1, FERE R A 24 5 BT e g e )
[l —

IUA 5 3l D\ Ry R T R B €, FVBE T &
BCy SERVEE Re . KCEEEVIMIE, RIS KFR T
AT, SR, AOTE TR, ARSCZRS T K
T L R T ) O R R T R B € FMEE T R B
Cy FRENR , 33X 1] BE S5 M AR ST VAT TR B2 1 D
WZ—, THBAIX it — 2 aoe, d#arkik
TRARA R 1 B0 Cy B 1 28K Curo

XoF T RS B8 D [ A AR AR, BT
TCEMEAEAE ik, REEFERECHR T2
ARV b KU K SCI 3 T4, {H R 10
HORSTTRITRL S by NI NIV G R ST VR O N S
PR E, Haz s s T . KA
BRI, MICIR A AR B RE . R
T IXUA= Yk i 1) 3 ) 3 A DA S KA E TR B i A
Ree—A sy, BT R (10)—=R(12) 3
ITIEIE,

BEAE e b XU RS T AR 2 1 TR T A S, TR
TR IR S A BT i A X 2 — . SEPR
b, VKK RV T AR A AR TR RS, M
AT R b B0 O 0 5 0T R IR OK A
(8 o X AR SCHRE HE — 2l 3 0 J2 1 TR K
WEREPE IR 3T, i 38 [ 85 7Y BRI v
WEF & I SIS AT T30k, %
T i TR E BRI R TR, 5 T i
B2 AN [ BB 77, % L T 5 BAT L
Tt BRI 20, 40T TR KR . R i
AL A T S R, FEASIR AT

D 5SS EAE R TR, AR
ARIK AR i I E R AT Ty, S iR2E
N 4%, AT AR R O T LA

2) M TASCITE, AT H 0 S5AE K SC
FRIE ) H RS I 0 A K A N, 7R
ARUIHEIEFE N, P I/ 4% AN, XA
IR T HEAR /N IR B 10% 2247 . SBUR/ING 2L
Jirt PR B 7 v K D R BT g, IS T
R (2>0.5d ) 7K BRI F PN 7K I i 2 B 52, ) IR
il TR 2 (2<0.5d ) 7K G0 A A UL 2R PRS2

3) FAXF KR d/L RS AR T . o/ Wede
TE R IR AEREARXS SV ) FI(yHDd) R OB T
Fo MXTEIR S FI(yHDd)BEFIXT K dIL ()3
R/, BEAE RS RUAE F 0 w0/ i B 1E RTTT
R
SEHk:
(1] BRI, 2k, Bt , 45 TR RIS Rt 1 e L XU HL DGR AR

JRES P K&, 2024,50(11) :66-73.

Geng D Z, Zha H, Huang J T, et al. The prospect of key technologies

of offshore wind power towards deep—water and off—coast areasJ].

Water Power, 2024, 50(11): 66-73.
[2] A, DU 24, . FR IR PEAT I TR AR R R |

PR B X SRR (D). v B TR, 2019,21(3) 1 1-4.

Gao Z Y, Ruan H S, Qin S Q, et al. Technical status, challenges,

and solutions of marine bridge engineering[J]. Strategic Study of

CAE, 2019, 21(3): 1-4.
[3]  ZEARZE NI, A U, 45 Vv TR A R 3 S BOR PR,



.58 - W E TS 2026 455 9 1]

[4]

(3]

[6]

(7]

(8]

9]

LR, 2022,41(4) :283-300.

LiHJ, Liu 'S, DuJ F, et al. Development trend and technical
challenges of ocean engineering[J]. Coastal Engineering, 2022, 41
(4): 283-300.

AT, sk N ASHLIN P A T EAEAE e m] g ().
4 SO, 1988(5) :609-617.

Yu Y X, Zhang N C. The in-line wave force exerted by irregular
waves on vertical piles[]]. Haiyang Xuebao, 1988(5): 609-617.
WIEC , ZEHAR IR 2R AR T RERE L BRI ] KAk
RlEAIF5, 1992(3):231-243.

Yang Z J, Zuo Q H, Su W D. Wave forces on multipile piles[J].
Hydro—Science and Engineering, 1992(3): 231 -243.

WhSCAHs. AEIEEE A YU IR A TR T IR (D]. i LSS
R, 2009.

Yao W W. An engineering approach for computation of wave loads
on pile-slab structures[D]. Shanghai: Shanghai Jiao Tong University,
20009.

A5 AR AR XIS, AEAE 2L RIAE 7 TS,
e : PO, 1983(3) : 376-390.

Ren Z G. Calculation of the combined force exerted by waves and
water flow on a single pile[J]. Haiyang Xuebao, 1983(3): 376-390.
O T RIS A b P 2L mVE T 98 1E 1 Morison J7
RELJ). WA SO, 1991(2):290-294.

Huang H N. The modified Morison equation for calculating the
wave—current force on a single pile[J]. Haiyang Xuebao, 1991(2):
290-294.

RN, ERUE. AEHT R AIRUBERES I F1 101, K 3h F1°7
WoE S A 48, 1992(2) : 141-149.

Li Y C, Wang F L. Wave—current forces on bipiles in tandem array

[J]. Chinese Journal of Hydrodynamics, 1992(2): 141-149.

[10] JTS 145—2015(2022 4FRR ) #5 H 5 HiiE K SCRIE[S)

JTS 145—2015(2022 ed.) Code of hydrology for harbour and water—
way[S].

1] s 98 1 5 OB R I8 0 mr B (e ALL 55 2347 D). L

i LIRS R A, 2017

Peng Y. Numerical study of wave—current loads acting on founda—
tion of fixed offshore wind turbine[D]. Shanghai: Shanghai Jiao Tong
University, 2017.

1 HER, BRI, WIRE T A PUMRD T A BRI A SR £ SRR
PRI IE)). HFARE B, 2023,53(2):27-35.

Xiao H Z, Wei K, Hu K Y, et al. Research on wave—current force

characteristics of foundation consisting long piles and pile cap in
Xihoumen Rail—cum—Road Bridge[J]. Bridge Construction, 2023,
53(2): 27-35.

HERRDIL. BT GG R SE R AT AR YRR SE D], T T
K,2023.

Hong C K. Research on mechanical properties of wave —current

[13

[t}

loads on deep—water foundation of sea—crossing bridges[D]. Ning—
bo: Ningbo University, 2023.

BIRZE, R IE BT, A A TSN SR T PR
SR MR, 2013,32(6) : 648-656.

Fei Y J, Shi J Q, Du P J, et al. Analysis of the mooring current data
near Zhoushan Islands[J]. Marine Science Bulletin, 2013, 32(6):
648-656.

BB, ST, s, SF. REEEROK XX R 2 —
LULIZEGBE NN EPvﬁﬁﬂﬁ,zoo9,21<3);207-210.

Ge L L, Qu Y, Zhang Z X, et al. The calculation of the extreme

[14

=

[15

[t}

wind, wave and current for return periods in the deep water area of
the South China SealJ]. China Offshore Oil and Gas, 2009, 21(3):
207-210.

[16] ZREAF. B 2EM]. 4 B JEAT: A RSSHE R, 2009.
Zou 7 L. Coastal hydrodynamics[M]. 4th ed. Beijing: China Com—
munications Press, 2009.

[17] IEC 61400-3-1: 2019 Wind energy generation systems: Part 3—1:
Design requirements for fixed offshore wind turbines[S].

[18] DNVGL -ST -0437: 2016 Loads and site conditions for wind
turbines[S].

[19] AEAEEL, KRB, SMERE. £ T2 09 = 2k XU Il 1 B A
TEFE TR, 2002(4) : 24-32.

Re HT, Liu Q Z, Wu H D. Numerical simulation of 3D wind
current in Taiwan Strait[]J]. Marine Forecasts, 2002(4): 24-32.

[20] Bea R G, Pawsey S F, Litton R W. Measured and predicted wave
forces on offshore platforms[J]. Journal of Waterway Port Coastal &
Ocean Engineering, 1991, 117(5): 511-532.

[21

—

Forristall G Z. Three —dimensional structure of storm—generated
currents[J]. Journal of Geophysical Research, 1974, 79(18): 2721-
2729.

L B R S S5 A I IR ). b s
2024,44(2):59-64,91.

[22

—

Xiao Y. Calculation method for wave current forces of foundation
structures of cross—sea bridges[J]. China Harbour Engineering,

2024, 44(2): 59-64,91.



