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Fig. 1 Schematic diagram of load directions
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Fig. 2 Curve of load-maximum displacement of pile at mud surface
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Fig. 3 Curve of tilt rate of wing-monopile at different load levels as a function of loading direction
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Fig. 4 Moment of monopile and four wing plates wing-
monopile (H=12.0 MN)
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Tab.2 Ultimate bearing capacity of wing-monopile

HpE ZFAR — 3R AR
W FRIRE T /MN AT 1)/ W FRIRE S /MN AT 1)/ W FRIRE S /MN AT 161/ B BRIR 2T 1/MN
0 11.67 0 11.06 0 12.10
22.50 10.85 15.00 10.87 11.25 11.49
10.36 45.00 10.62 30.00 10.96 22.50 11.19
67.50 10.67 45.00 11.34 3375 10.96
90.00 10.70 60.00 11.85 45.00 10.87

T 1 XUHR SR AR I A EE R 0 7 1 = K bR b, S B R AR E AT BRI 4%0, 38/ 1E B
BE B )2 A5 TR B RE R EE RS 0 K E AR BE, AF B e i b i 7KL B AN A L/500 FORER A
TEM, —FEAVE Tt BR A 28 1 (8 Wb o

F ¢ 2 mT UL, B B S 4 T AR A B R AR R BE S, . =L DUSRAROIERATE K P R R 2 R
FLERAESE R T 12.67%~16.80% . XFF . = WUIEMUMILHE, a2k 77 ) 53 AR 515 00, 60.00°F1 0°HT 1
BRARER SR, T KR 14052 11.67., 11.85 11 12.10 MN,



114 KoOF K BB L B W 2020 £ 10 H

AR A 353 25 R A3 A — 3R N 3R (%) AR LB, 1o, " R —e— =ML —a— PR
21 ar 2075 18] Sy O°HNY, i 2k 38 AR A B Bt 25 M 3 A 3L sl A A A
MRS T st 7R ) SN i R A L g, $27H 1m ' FEN i\ i\
FLHE KPR B R 3RS0 4407 18 90.00°0, S WA W R ‘W,
LR oL 81K T 1] - P 1 BT K T S G R AN
TRILAERE LSRN O WYeRYy.
SRR 001 90.00°H ATH) pop RS e
SZAE FH B R, — 3 RN DY SR AN S5 A B o g 2% 0.85 gt
[i] A1) 228 A 2% B A [ ) e 58 7R A2 A o i 4T 0 o HEHOT I
IS5 EERR T3, LB S REARATE BHmRE 5 45 s i3 bk B 7 GO 1S SRR R AR HE e R it 2k
W FRAAZ T B Y. Fig. 7 Curve of load direction and ultimate bearing capacity
WA RS RANG TR #0 5 3k, =3 ratio of wing-monopile

B, POFEAIMFEAL KR R AR ST fR/ (0 LU R, R 15350 180°, 120°F1 90°,
BB H(O)=0.01Ho[92.8 +2.6c0s (0.0356) +2.4c0s (2 X 0.0356) + 1.6c0s (3 % 0.0356)]

=EMR H(6)=0.01Hp[100.9 —3.3c0s(0.0520) + 2.2cos (2 x 0.0526) — 0.3cos (3 x 0.0526)]

PURIR:  H(§)=0.01Hp[93.3 +4.1cos (0.0706) + 1.2cos (2 X 0.0708) + 1.0cos (3 x 0.0708)]
Horr: H(O) SRy fai 277 0] 0 B InFEAE AR FR AR R T Ho A far 2807 7] 0B ISR AE A PR FR 7R 287 -

6 % &

FF ABAQUS A7 FRICHMEE ST T b XUFE BAME KOG Bk A B = DU S B SRS 31 T 4%
Rl M B BARE AN SEAEAEAS [F]faf 2005 10 T A VR T AL 785 . A BHBURE R | BE B N | Wk B ) B R
73, %5 He A b T SR AT 25 T % IS ATEAR PR AR 2 AR T RCR, 133U 4598

QU182 37 N iyl 1 P N 0 e T A o i e 7€ 1 £ o 7 N o811 N ) 574
BEL 3 AN A BT W, LA e LK P 2R R R

(2) 5 BAAEAH b, AH [ ar 2258 s o 35 Ak D 1T Ak 457 8 R 6 B B I, {ELATE B N7 ) A A [) R B 184
12.0 MN i 2], fnEE A Jfe Ak 7 4% | RPR A R KT FE T 21.26%. 17.76% F1 5.71%, AL b 134 M
27.33%.

(3) INFEAEA S AR T AE VR I AL (5L B FIABUAR 3, ZEATE B AR TR 5] 4% Ak B 17 7 R LU B A i 1Y
i, ABATEZE /N TR VSR, BRI SEATE LE A2 S

2 £ X W

D1 BRI, SRmesk, frdfr, 45, i b XU R AR IS AR K-F AR SR RERTZE (1] e TR, 2018, 36(4): 97-104, 146. (CHEN
Canming, SU Xiaodong, HE Jianxin, et al. Study on horizontal bearing capacity of large diameter wing-monopile of offshore
wind turbine[J]. The Ocean Engineering, 2018, 36(4): 97-104, 146. (in Chinese) )

[2] ACHMUS M,KUO Y S, ABDEL-RAHMAN K. Behavior of monopile foundations under cyclic lateral load[J]. Computers and
Geotechnics, 2009, 36(5): 725-735.

(3] BALHT, fTEesr, IRmetsk, 25, INEAK R R i 5E (7], AKFIKE TRE2A4R, 2018(4): 1-8. (CHEN Canming, HE
Jianxin, SU Xiaodong, et al. Analysis of calculating method for horizontal bearing capacity of wing-monopile[J]. Hydro-
Science and Engineering, 2018(4): 1-8. (in Chinese) )



%5 AT, A X FRA B SR IS ) /KPR RE BT 115

(4] Z5K, BOE, BCAEAG, A5 15 L XUHLRERR R AR N 3R Sk = AR S 7 B (0] KKz TR 24T, 2013(4): 6-11.
(LI Wei, HUANG Xu, ZHAO Shengxiao, et al. Numerical simulation for 1g-model test of large diameter wing-monopile for
offshore wind turbine [J]. Hydro-Science and Engineering, 2013(4): 6-11. (in Chinese) )

(5] BRANBH, TS, R0k, 5. FA 58 Lo AN e M X i 3 Am K 7 A 38 RE 5 i 20 Bt (7] JKTE 36 1T, 2018, 39(5): 596-602.
(CHEN Canming, WANG Xipeng, SU Xiaodong, et al. Analysis of the impact of length-to-width ratios and angles of the wing
plate on the lateral bearing capacity of wing-monopile[J]. Journal of Waterway and Harbor, 2018, 39(5): 596-602. ( in
Chinese) )

Lo 1 BB, (i, M, 25, JLARMIRE S G BEAE K AR E MRS ma 087 L] /KR 5 g3 T A2 4, 2018, 16(1): 7-
12. (CHEN Canming, HE Jianxin, WANG Xipeng, et al. Impacts analysis of wing plate stiffness and buried depth on
horizontal bearing capacity of wing-monopile[J]. Journal of Water Resources and Architectural Engineering, 2018, 16(1): 7-
12. (in Chinese) )

071 FHF, BRSON, Wt SRl il X 2 3 HA S K PR BRI R2 0 (1], KR Kz TR A1, 2017(3): 64-70. (JIANG
Jianping, CHEN Wenjie, YANG Shuan. Impacts of local scour on lateral bearing behavior of partially embedded single
piles[J]. Hydro-Science and Engineering, 2017(3): 64-70. (in Chinese) )

[ 8] Det Norske Veritas AS. Design of offshore wind turbine structures: DNV-0S-J101[S]. Oslo: Det Norske Veritas AS, 2013.

(9] T, #9ie. ST oitltp-y 4R 2 00 Sl K SF-2 7 3158 (T K FIZKGE T AR 253, 2017(5): 80-87. (JIANG Jianping, YANG
Shuan. A calculation of horizontal loaded single pile based on improved p-y curve method[J]. Hydro-Science and Engineering,
2017(5): 80-87. (in Chinese) )

[10] MURPHY G, DOTERTY P, CADOGAN D, et al. Field experiments on instrumented winged monopiles[J]. Geotechnical
Engineering, 2016, 169(GE3): 227-239.

(] PEER, SRNE, K4, 45, & KO b XU SR Al SRR IR S 16 05 (0] WP BR 2741, 2019, 38(6): 75-82.
(LU Zhiyue, MA Hongwang, LI Yutao, et al. Experimental research on the effect of typhoon on cumulative deformation of

offshore wind power single pile foundation[J]. Journal of Ocean Technology, 2019, 38(6): 75-82. (in Chinese) )

Analysis of lateral bearing capacity of wing-monopile with

symmetrical wing plates

HE lJianxin, LI Zhi, MENG Xingyu, SU Xiaodong, CHEN Canming

(Key Laboratory of Water Science and Engineering of Ministry of Water Resources, Nanjing Hydraulic Research Institute, Nanjing
210029, China)

Abstract: There are many factors that affect the lateral bearing capacity of wing-monopile, among which the number of
wing plates, the angle between load direction and wing plates are the main influencing factors. The ABAQUS finite
element calculation software was used to calculate the horizontal displacement of the pile at mud surface, tilt rate,
internal force, stress and ultimate bearing capacity of 5 m diameter wing-monopile in the soft clay foundation with two,
three and four symmetrical wing plates under different load directions. By comparing with the bearing characteristics of
monopile under the same conditions, the extent of improvement of the lateral bearing capacity of the wing-monopile
was analyzed, the mechanism for the wing plates to improve the lateral load-bearing performance by simultaneously or
alternately bearing the end force, side frictional resistance, lateral earth pressure, and increasing the bending stiffness of
the pile was clarified, the calculation formula of the lateral ultimate bearing capacity of wing-monopile with two, three
and four symmetrical wing plates under load was proposed, and the control conditions of the ultimate bearing capacity

of the wing-monopile were compared and analyzed.

Key words: wind turbine pile foundation; wing-monopile; number of wing plates; load direction; ultimate bearing

capacity
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