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Pore water pressure fluctuation and liquefaction analysis of subgrade for
composite bucket foundation under cyclic loading

YU Tong-shun, WANG Hai-jun
(State Key Laboratory of Hydraulic Engineering Simulation and Security, Tianjin University, Tianjin 300072, China)

Abstract: Composite bucket foundation which is wide and shallow is a new kind of foundation. The fluctuating pore water pressure
around the foundation has bad influence on the safety of wind turbine under the wind, wave and current loads. In order to investigate
the dynamic response of the foundation under the wind, wave and current loads, the numerical analysis is carried out. The combined
effect among the wind, wave, current loads acted on the wind turbine structure and the subgrade is simulated reasonably based on the
accurate simulation of various loads, and the model of the dynamic response of bucket foundation is presented with the
three-dimensional finite element method. According to the numerical model, the dynamic response pattern of subgrade including the
laws of the pore water pressure fluctuation and liquefaction locality around the bucket foundation are identified. It can be concluded
that the liquefaction depth in the vicinity of composite bucket foundation increases with the growth of the saturation, permeability,
wave period and water depth, and it decreases with the addition of the Poisson ratio.
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Fig.1 Composite bucket foundation entity and strands
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Fig.2 Time history of fluctuating wind

S ECl] e NIl N Eo) S o SN R 3By
Jik sl RGEAR IR, P A 380 VA s i e XU, AR T
IR W& S W = R = RN W

F,=0.5pv’cA, (2
b p AESREEE, —BICY 1.225 kg/m’,
VTS S BRI XGE (mv/s); ¢ WIBIR RS, 15
AR RS 0.5, A TR RS 028 4, K1
BRI 5 1 B TR

25 SCHR[6] WAL ) AT 2 PRt n 7922, AR
ETEAANNERT YR I Ay AT O T R S [ =
WA O3 AL, B ISANS, WEB TR
(CHA1 (4. 2 (5D 3 (6) K KBLIAR I rh i
L E AR BN, X 1SN AR RT3 A %
JAH o BEAS KULES A6 52 30 1R s B8R X1 5AN pi Ak 2
A (17 5 F

°
1(4)
25)
3(6)
d 4
10'.7 1 ® 5 e
[} 6 °
110:8 2 ;0
? °
12 ® 7
g e
13 @
9e
14 o
15 o

B3 KRR E TR
Fig.3 Simplified calculation model of wind
load on wind turbine



822 Fer +

VA 2 2014 4F

3.2 PIRFTE
PR A HEL G5 g 14 A P 3 S 3 ek o A
e 2 T KB A Bl UL 1T BA T P A
PSR S Sy R T IR AR
I, 7K U R PR AT S A T B AN W A2 A PR TR s
J1o ASCHAT RS BORE AR RSB /R, Y
Mtk &I, BOEBIRAT 2 A (e BN
B 22 AN D AN TR] JE SR BEATL AL AR A R 4% 5% 08 N T 1
P I RAR IR sy v A R
n() = iai cos(k,x —w,t +¢;) 3)

i=1

< — cos(kx —awit +¢,)
= 28 A, ! ! !
P m;J 1 (@)Aw, cosh (4)

X ) e p ARFIKRIBIRE ) v, A
WK Nhri AR i AN a, BRI
s & =2n/L AUEE LAWK dAKKE: & A
HWILHPEAR S, 760, 2n) Z HBENL s o, = 20f,
RHPLRIE,  f PRI S, (0,) AR .

524 fA A 2 K 1 TR I v SR P 2 L AR

p=Lcpi+Lc 4 (5)
2g g ot

X D AR ER (m); Ay, RFAR R WA
(m®); C, NIEE N R%, FEWINR 1.2; C, M
) R E, RETEWTIRIE 2; w s u/or 73 Ak
B EN K (mvs) FZACSE DR (/s>

WL R K B85350 0 10 B, W BRI
FEAR, 20t 5K 10 BTS2 IR 77, 3X 10 BogkiR
TR A BEAS KBLES R4 7K T B 73 IR BIRAT
3.3 WA

WIS IS HEAE VR 0 AR AL, K5
RIS Bl S A IR I T ARk 218 15 22, R,
eV RN A PIVE - DI, TR R oA e
@ﬁjmo

KA 3.2 haBoOriEis A (6) THE X
WLEER KR53 52 BN AT 2, AEH TKE 2z &b
BT A BE IR AT 2R

£, =0.5pCDV’ (6

b, WIERATE: p AWKEE, K
p=1.025 glem’s C NBHLSIREL FIAE—BECY 1.0
D MM ER (m); v AEREE (m/s).
3.4 KURBATEK 2 INHE

TEIEAT 22 Aar g5 RS IR 45 6 3 g il ;RIS SR
Z RGN AT AT A S, (HXM 77 2

T AT REAFAE R B AR B A 1 Do XS R
TR AL A I, PR A 3 FRBENLATAR 2 5
i /] Turkstra 5 JCSS PRI &RENHEAT S IMAL 5
FEor A SR RE AT LR, B LeAR K I, Turkstra
J7iE /N JCSS 732 LI R e . PRI, AR5
X R AT 25 19 22 IR Y JCSS T

KH ICSS VERMTAAI, MR gk
TE IS Bl I B R 23Ny, oAb A 24N AR 20 K
Ao B AR SR I B PN BN B K 2, AT S ) 2
. BB n Mol miii S 54 G, MERE
BT O, (¢) FEVL VBV 77 PN 1) Ik I BOHS 7 4 it
FeHNEIRHES, Bl <r <p <e-, BUTE—Fr
BN AT A, AT n P LA 0 B KA B3N
Sy, W

Sy, = Irer[lgic]S,(t)+r{1€eT11xSQ(t)+---+

max S, , () + max S, (£) (7

Sy =S,(t0)+S2(t0)+---+Sn71(t0)+trel?g1¥]Sn(t) (8)

S S, (t) 8 i RN O, (1) R R I KB
Aty TAXS,0) s o A 7 =L R
R ] 7, I B 3 A

4 gy

WU IR AE 5 )[R P 2 FLBRMEA T, [ ARk
(A7 7% F0 3 FL B 7K B ) el L B3 [ 255 07 R
eV BE 2 ALEREA TR rh B SRR R B T R
A, FLBRIA T R 4E, FLBRAAER T L 2R Hsi
1ZZ R Darcy s, AT m] ZIEAT
4.1 BERD R

B 3 FEA5 A <

(D) ZERIHEATBIRIR 1, &R 0, FL
BR/K IR g T B %y ol B

u=v=0,a—p=0,2=—h 9
z

(2) FER B 1 B KL ) [l i RS T AN R i
IRILFZ, BN 0, R

'_ p—
Gz_sz_O

e R AR A AE A WAL BRI ) p, I3 (4)
fs, A RRIER LR 38t (2. (5) Pr
ISR AATHE Fon BORATE p S0 (6)
s B IR 3 fp (KT

(3) WpRMIA T A1, BOEMIL T L2
FLBUKIETIBBIE S I AL AT S 0, 220

(10)



53

TMAE AT S A A B R RE ALK I A6 S 7 A 823

T G L AT R, R

a—p=u=1'v=0 (1D
ox ;

FEAE (3D [PUE T S B3 XA — e
e, AHTHE R, semaye AT 174 Mok
Koo EASCHE S, BURARKEE R T WS,
S5 AT H B TR RIS S A O
DX sl A5 45 AR SR /] o
42 BFFImMNTHE I

KH ABAQUS AT WA FEATA PR et 5
W IRR =4 )\ s LRSS Rt (C3D8P),
ZH TR A L K BT, AR [ 25
IYBTAE s AR AR F N AR\ YT s e MDA AR
3576 (C3D8R). EUEBIAL WA 4 Frow.

(a) HhFEABTY

(b) FEAlgiR

B4 FEHRER &R BUE R
Fig.4 Numerical models of bucket
foundation and subgrade

T E G AR A5, SR Seif it A A,
R R YE, R Mohr-Coulomb 33 P4 A
PRI o R B 5 ) B L A e o A, SR AR
A ) 3= B4k B i A R e U BRI AR
A EF M, AR . Bt H i
R 5 e PR R A i 1) R DR B 2 SR 2 0
§0 PR 2 U2 P - B P R BB M R MAE 0.2~0.5
I}, ARSCEEEERRHNCh 0.4,

4.3  FHEARRITTVE B AT HERHIE

A A SC AT IR RS BT T v A B, 43
5 Yamamoto! KRB (IR 51 EEIRFIAR S Jmi )
gE R AE BRI AR K GIOPr 8 5 R R 50 i
I )&% B 55 R AR SCREIRR VAT () 5 SR kAT LR
KA 0.5 my HoN 0.5 m. JEA 0.5 m AR
B, MR B H Yamamoto 1REG TF S, Wik
2. KA 0.9 m, Zr Al s 0.2 m, A
WA 1s T 1.5s B IR 28, HOBEZY i i 45 & 55
FUBRK R Sk se A e, Wi s pos. @

SCHR[LSTAR [R]RST g PRAN G (AT, g PR 2 Hcn
K3IPw. FAL AME 60 62 mm, fEFHE
h 72 mme JCH TN 1 HZ. I8{EH 60 N
(AT 28, M 4877 ) 1 29 FA RE 16 em AbFLBR/K e
JIH IR FE AR A 55 B LR W i 6 o HIE
5. 6 ATLUE W, @Rk, mRgi RIS, A
JT AR R 7 ¥ BAT B e R R A2 o

£ 2 Yamamoto WA E (48D) HESH
Table 2 Characteristic parameters of fine sand for
Yamamoto's test

PR G BEF K ‘ MR S,
P} WAL p . ALBE R
/MPa /(m:s™) /%
AHPIR 50 0333 1.0x10" 054 98
0

-0.05 |

-0.10 |
£
g 015 |
ﬁ 020 F e/ S o T=1RELHR
2 —u 71 AR
E_l -025 F /e o T=1.53RI 455
= / —u- T=1.5 $fH a2

_OA3O 1 1 1

0 0.2 0.4 0.6 0.8 1.0

FLERIK B 7 e At pipo
B 5 XXHEEERS Yamamoto RIS &5 R I
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