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Abstract: The monopile for offshore wind turbine sustains long-term cyclic load due to environment
and scouring in the seabed. The long-term cyclic loading behavior of the pile foundation under scouring
is an important problem in the design of monopile for an offshore wind turbine. Laboratory model tests
were conducted to investigate the performance of a large diameter pile and a small diameter pile in
sand subjected to scouring and long term lateral cyclic loadings, in which the influence of scour depth
and cyclic loading amplitude on the long-term behavior of the two foundations was discussed. The test
results show that the applied cyclic loading improves the post-cyclic capacity of single pile, especially
for the small diameter pile. Scour leads to the reduction of post-cyclic capacity of single pile, the effect

of which increases with the scour depth. Comparing with the large diameter pile, the increment of re-
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sidual cumulative deformation of the small diameter pile is smaller in early cyclic loading stage. When

the cycle number is larger than 1000 and the scouring depth is twice of the pile diameter, the develop-

ment of the cumulative deformation of the small diameter pile approaches to be stable, while a further

development of deformation appears in the large diameter pile. By bringing the scour affected capacity

into the dimensionless cyclic loading amplitude parameters, the lateral cyclic cumulative displacement

calculation model of the two kinds of piles under scouring is established, which is applicable to the pre-

diction of long-term lateral cyclic cumulative deformation of single pile considering scouring.

Keywords: single pile foundation; scour; model test; cyclic lateral loading; accumulative deformation

51

T

LA il DR 4 A T B 22 D B F R I
AR i R e 3 T 2 T L KR S A
7500 S FURE LA o i B XUR B B i A IR 5 3
P, RV 52 XA 38 TR Ay 28 55 7K S 105 B4 i) 2
PEFT DR PR OCBGR 35 T 0 DA 0 8 P TR K IR
VS B0 sl S, % 5 B b ) R R T LA KR
I06 PR B R P AR RO R 2 R B X g
il 4 030 55 R P et A P TS A R 0 B 4 ) AL
R

B F K Y0 B A2 AT A Y 7K 8 TR A A 1) AL
W AR T b 3 N S = A B R AR
TEWOREIL BT T XD A 35 il 75 1 3 JXUIR Ao 28044 1]
A SBR[ (32 8%, TN R A7 B — A A 80 AR
o AT A 00 1) 2 B K JR b AR R K SF T AERD
el v SE R TR R AR R B T 2R 6 4 Sk X
FABE AP0 B 2 BUAL RS U AL AT T S B A
5 7 A A X A R % A b B R AT T 3] K P A ER AL
Fo T T W B A R il A4 00 B B 2 BF 52N H
o S 52 A7 A0 B O K5 354 T 6 A B B
o R AR SE AE 2/3 IR IE . AR AE il B O
B LB B 5T T 0 v O AR BB TR K P 118 3
7 B AT 8932 1 AT R, $2 1 T 6 26 5 47 L
HH O A 26 55 A0 X DL RO AR I SRR A ) AR
o BT J7 ik o BRAT U A5 e A0 FORS b R b 58 T
B Y AKF 6 26 B g, R T p-y ZIEBIA
8 215800 28 K A 25 B A 800 2 1) 2

BN 7K SF- A2 67 A B R wE) ) R P A
A7 7 [5) o ) 8 B T ) A R 28 A A R, A 2
R R JBE AR 2~ 8 AT AR AR FL L K P A BR VR 31 52 o
W52 R AR o 0 A AR DNV I #E 4T T %
RGN R NG ERES £ 18 S A A o R e e

624

R R 200 A AR R RE JEL LY R B A I
VG M A R I SO b R SO L B R A
21 F AR P A R A N i A A8, A B RD v B R il
I f A6 TE N AR AR T T vk e AR TR
TE/Y p-y M2 BEAT D = op i) 26 748 B BE K P 7K 4
JI B BRI HE T, 43 B 3 BT ol ) R el AR 3B A R e
Wil 98 J3E = 3 B S T R R U B o O AR
TR AL U025 B S5 1w R R R L e ) A EE X R 3
HAHE B9 7K T 7R RS 0 R B A58 . 3 SO
A T RSO AL R AR A 328 5 DA Sy o T Y
S TR A AT S EOHE S AR T 18] WP A SR A L oy
T £ 325 i 5000 f A B AR G K . Y.S. Kuo 1 =
A7 FROTRE LR BT, ol bl /6 T R B AR B ) 7K
2 8% R iy 25 30 0 5 A LA R AR o ) i
MR RSP . B = 553l 2o AR 3 6 %) B Ak
il 12547 1 233 6 AP0 2 0 B, BRE T AN ] o
TR R FBE R 25 2 B I R 3l 07 8% 1 R A4 A e
A

T 1 AR A R L AR B R A ) A T e A
IR BRI R TR BT R L A B A RUR T
TRD e R A% 4 TR A B K P A B 32 e R AR A
/N B BRE A T H 1g AR SG , e T R Y
TR AT WA DL e i) % B2 I e 28 0 L 45 P9 3R X
HAR W RBVIE 052 Wi, I A8 X6 45 28 [0l )3 73 Hr
HEAy b A 37 K A R R AR RS TR A

1 REAR

IS B & T RD B A DL DR IE B 2H R ) 1 1
Mo — Bk, JT 1 B P B 1R IR A BRI 4k
B LS B PR 0 34 1F BORS A R o A A
TFRERD = vp R E AR /IS B AR 7K P A2 i A T o il
I UI 0 20 0 2 4% 1F 8 (4 7K 30 A R AR Bk R A2 P
17822 5 By X L 1g # IR



1.1 whEiEAH NGRS

R AP 4 3 P (Toyoura sand) , 3 48 4 £
br R dsy = 0.16 mm, A X} % B G, = 2.645, KN ¥ 5]
FB e, = 1.6, KALB LR 0.916, F/NLER LA
0.609. Foikr g% fiL an & 1 7 , Wb Sy i ad , Jkn
S A T N

100 -
<
W 80}
£
= 60r
k=24
i% 40+
®
20t
%
0 " , ,
0.01 0.1 1 10
SEHIRAE / mm

PIL =R e R 28 I il £k

Fig.1 Particle size distribution curve of Toyoura sand
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Table 1 Parameters of model and prototype piles
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Fig.5 Diagram of test programs
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Fig.9 Test results of lateral cyclic cumulative displacement
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