FERE: YEF h¥E XXF
SCIENTIA SINICA Physica, Mechanica & Astronomica

it X M &E £ 58

20164 %46% SE12H3: 124710 \
<¢/ CRIERPE ) Jeiiit
physcn.scichina.com SCIENCE CHINA PRESS

CrossMark
&click for updates

PRl X557 XU 73401 B8 AR B A 7K S A R 1 RY R Mo

O, % 7 0

@ H E B2 B ) 2 R, IRE R A R G5 S e =, bR 100190,
@  [ERF 2 B K 2 TRERL % B, JE 5t 100049

*Bt & N, E-mail: fpgao@imech.ac.cn

WokE H 3 : 2016-06-13; #2352 H : 2016-08-17; 4% H Rk H 3: 2016-10-14
5K E AR A E S (%5 11372319, 11232012) A0 [F 5% & 55 E AL 0F 70 % B R (4 5 2014CB046204) % Bh I H

WE ALREMERTE LRGN —F AR R, BIR G ER AT E b Bl & 855 AR o AR
REAT AR EM T L. AXEL T ENMEELSLEAEEFEANZEFRTHEED, FARRERIER T
TR ETHREHHALERRGT RV LAD L RIMES K TR LB EEApyd &, e REEATH
ITWARECREMEEpy A5 BN KA. R RN EERE AT FEMEER Y MR EAEE L. &K
BEAMERFH, MR HEX TARLREAAE LM E T mey LB AR EAR = EEZ D0, T H AKX
# RAE L 18] ACF 5 R A7 B p-y i 2 i BT U B9 0 2R Y AR AL & T B R B R F — R B AW AR, poy el S
FEEE R FRIRENE T EHEA, RUAEEETE O LR ER . WH B A SR, &
I | 37T JB] B A e A A B 2 R F T BR AL, poy el B IE 7 i S U BUE 3 R

XA EAEEA, PR pydr &, B £

PACS: 89.30.Ee, 92.10.Wa, 47.35.Lf, 94.10.Jd

KEE LR EEEE, —fF LB Lt
WA & FL B IE 7 @ AR K E AR B SR . BEAE K
BHA . AR ) U TR B A A 2 X
FINLEE A H P A FE AR 2. b S Ak o 3 57 4% 2 AN i 3%
IRES I IE N RE )0, B ST Ui Bk i A
it T 5 {8 A, TR T R SR K AR B Y B
B, 20 4Bk O R B XU HLIERE 19 70%", IR A8
I (i BRI A3 2R Y, b SR B
FA[ k47 m, HEIE—BN20-40 m. B XS HLZ K
TR T 4R B A, AR AR S RIS s 48

a3 WL 0 TR LA SRR A 1T 5, e 1) 2R
e T 6 A B UE BER, KT AR BBE 7 R R B 1A A R
F=U g B R IIHL AoV ) B A B £ A 290,52, TR
e TP AR TV A 1) ) S0V AR — BT /N T R A
PR SRR T L PRI A BR AR 3 0, TREBE T o B R A 2
FEIK P i 380 (AR TR .

T7F FEAH 3 7K1 AR A R R I, — BOH A i fl £ oAy i
PEGE, K Jl B TR A0 Y B O3 A B — R A R,
ol ST g G R | B TR P AR AR, BTRTOR
AT B R KT BT AR 2R AR TR ARSI - A 35

SIS R, mE . R b R TS Rl KT AR R PR R R R R 2 MIER S 1% ROCE, 2016, 46: 124710
Qi W G, Gao F P. Effects of scour on horizontal bearing behavior of monopile foundations for offshore wind turbines (in Chinese). Sci Sin-Phys
Mech Astron, 2016, 46: 124710, doi: 10.1360/SSPMA2016-00295

©2016 (RERZE) ZEiL

www.scichina.com


http://dx.doi.org/10.1360/SSPMA2016-00295
http://physcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA2016-00295&domain=pdf&date_stamp=2016-09-20

BEOCHIEE. pE R MBS D)% ROCH 201645F 46 Hi 1200

AR A FHR, TR T — RIIAERTHE T E:
Hetenyi' 4 +- & 2 ST 4b Ry 28 Mk 58 38 FLIA Dl 338
ANBE AR IR AR A, 15 B 7O R I E A A AL RS 1 R R
fift; Reese 5 N p-y il 25 (p B A7 K Ak 00 17 J
71, y X BT B A 3 7K A7 78 ) SR ik b+ A A
LR M) J1-Ri# R R, Wk I A B K p-y #h 28, %5
FE T BRI BE IR A E 2P R L BE AR VR FE AR 1. Reese
2 N0 Neill 25 N ib + 26 AR 32 i p-y i 25 1
5515 B APTV RIDN V2 25 47 MV B Y5 T Re4h, 2 H A
NEFH B T A 2 AP AR BT BB T . SR T 1 p-y i 42
ASOMR A B 20 IR 1) D o7 SE 36 B 4 43 ), S 36 P i 2
£ 0.61 m'" B3 B K BLAR B KT AR R
Sr BT AT RE PR AR ORI SR 2=

296 R 9 T B 1 s A7 R R ] A A e YR R
WAE T G & A, AR OK ) 55 4 R 1 AR B RE ). KRR
AT A7) 46 BRI A X 3 (R A 5, el 5] 2 Y 7K P K
B 7 55 AN TG D 2 2 A A5 A 2 B RIS, R
BF 7K S g 2 AE A 0 38 n (BRI AE GE A = ST A i
SRE AT I O, 2 T R M A AR T AN - R4 FH 7 1) 43
(LB, CA B FT K 2 5 AR R R 72 0 e il
HUER J T, 0 6 R ) St A 356 K T A A 1 A 1 2 i
7 5 TR A AR A oL B Mok
BRI SE RN B AR 43 B 32 B2 8 T P T TR AR — &
il 45 5 1) b AR A e 2 3 B0 A Ak b T T 4
RZS, AT A 3L A 2R R 8 iR BT L g R~
szt g, Qide NE i B O WL B AT A 2
T, I T —Fh T 5 p-y M 2248 1E J7 3%, K4 il

xrER_ —
*&%'I, 7 ’,”‘7
I ,’ | /
[ I
| 4 / . .
i ® /
I i [| i s =
eeekaE | | ]! /| | BEPRIERE
N i e
) i BN W g Y
"7 i !
|| D el ),
I
B4 S 7
V4 . I
| L~ [
A s g
< I el LY
e

Bl 1 (P45 W ) et il o 7K T 7 0 B0 ) 2 () 52 1
Figure 1 (Color online) Illustration of scour effect on the lateral re-
sponse of a monopile.
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Figure 2 (Color online) Finite element meshes of large-diameter
monopile foundation under lateral loading (with scour hole).
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Figure 3  (Color online) Comparison of horizontal load-displacement
curves between finite element (FE) analyses and experimental tests
(D=44.5mm, L=400mm, y=16.4kN/m’, c=0.5kPa, $=35.2°).
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Figure 4 (Color online) Comparison of p-y curves between FE results
and eq. (5) (D=5m, L=30m, £=0.06m, E,=30MPa, ¢»=35°).
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Figure5 (Color online) Comparison of p/y’zD predicted by eq. (5) with
numerical p/y'zD.
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Figure 6 (Color online) Comparison of load-displacement curves at
loading position between numerical results and p-y curve method using
eq. (5) (D=5m, L=30m, #(=0.06m).

3 EEbA Rk AR T E(ER
HI 2 M)

31 KFAFEMEMNTHERN

FEK T 3 AE F R, AR A AR 2 AN [, A 3
A3 A9 2 M AT R A R 288 A 38 1 T T £ S 0
TR, 8 7K 52 K OP fr 3, SR Ak B B LA K
AT, JB T ot v . T XA K EAR
AR ST 0 MR — ARG e v, AR KPR B T B
HE H I BEAR L ) (1) AR TERFAE, T8 T WA A A =KL

Poulos FTHull® Ay, 244 SE S AT Lo/3<L<L
Y05 B AT, A7 SR A AR 0 T DA NP A e 90 3 S A L
FoR I PN, 24 I B R R Ao R, A 3 2
TRXPHEFR KRB R A W, LS ERIREY S
ORARIE, I A KL A KRR

L= 444.[ET JE, )

X, El, RALAEHE (BRI P75 B 38 0k, pEIR AT
5 M DA AP e 9 28 SR A A D S T 2 D

48 <EL*/E,, <388.6, (7)

RNRWY, RIE T HAS 2L RN S BELELE, BRI
Sof A A A Rk AT e MR e . AEARSCrR, R T A
hFiR, BBk R ERNSBELEL, W

k=EL'/E]. )
P74 7 KT B A FH T SR A A DI A ) A2

FEm 2 B (W Gao%5 NP, it TStk 7K T4 4 51 k2
(RIATE B 25 0 N JE A0 R O PR T B 5 B 2, 2k
TR A JE v S LT 350 A s Ml T PP AT A 7K T 2
TEF T 2R ), I S AFAE— R E . BR4G H
T x=324.7FI8.3 5, A FR o 1oL 15 2 1 i B AR T = B,
AT DA H B0 A0 45 R B8 08 1R 47 1 s W A i A T A6
K EEAR

5 AR AN T, TR0 A R 8 bk 32 i T 4 52 3] ok
H T AR IR B U1 77 RS R AR P, [ B A R 0 T 2
B HE B A1 EE B 1) 43 A5 i+ B /7. Bekken"™ F1Byrne
2 N POV B 1F 90 4 SR % R e A S5 T R {0 T 52
B (173X L ZH A = BH 7% A 3 (1 437 A% S5 e )9 5
M. %o AT Z P AR R0 NI A 2 TR (L= (7)) A 6 T 5
X EIRE AN - BH 77 (s ma AT B A AT B R
S, AE3 27T R AN R

KTEE
(a) /7
/ /
[0} ///
/
|/ e UAE
//
[
R
X SEER)
- ¢
‘5 ,
KEEH
=
(b) //
[0} //
// HEHUEEN
7
I
[
- // |
BB
1
L
;5

Bl 7 (2 RRORE ) KT R B 5 A AR T AR, (a) TR A
(b) W2 4E

Figure 7 (Color online) Lateral deformation mechanism for flexible
piles (a) and rigid piles (b).
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Figure 11  (Color online) Local scour effect on the p-y curves at var-
ious given depths below the scour base (E;=50 MPa, D=2.75 m, initial
embedment depth L=31.25m, E,J,=88.1 GN m’).
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Effects of scour on horizontal bearing behavior of monopile
foundations for offshore wind turbines

QI WenGang'” & GAO FuPing"**

" Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute
of Mechanics, Chinese Academy of Science, Beijing 100190, China;
* School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China

Monopile is widely used as a typical foundation for offshore wind turbines (OWT). Local scour usually occurs around
offshore pile foundations, which may bring the reduction of both the effective stresses in the surrounding soil and the
effective pile embedment. Until now, the effects of local scour on the lateral pile-soil interaction have not been well
understood. In this study, a three-dimensional finite element model for the lateral pile-soil interaction is proposed and
verified with experimental results. The p-y curves describing the pile-soil interaction are extracted from a series of
numerical results with various sandy soil conditions and pile parameters. A parameterized expression of the p-y curves
for large-diameter monopile in sand is proposed. The results indicate that scour could induce a significant transition of
pile behavior for a monopile typically employed for OWT. If the pile exhibits rigid structural behaviors after scour, the
pile’s tip and shaft resistance may become a significant component of the whole soil resistance, which would render the
traditional p-y approach inapplicable. For a given depth below the scour base, the p-y curves get significantly stiffer with
increasing scour depth, especially at relatively shallow depths. The scour effects on the variation of p-y curves from the
present numerical results are generally consistent with the existing centrifuge results. As the slope angle of scour holes
decreases, the effect of the remaining sloping overburden soil above the level of the scour base reduces and the stiffening
of the p-y curves at a given depth below the scour base is correspondingly alleviated.

monopile foundation, scour, p-y curve, sandy soil
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