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Research on horizontal ultimate bearing capacity of suction bucket foundation
in saturated sand ground
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JIN Shu-cheng' s, ZHANG Yong-tao' s, YANG Yan-hua', LI Bing
(1. Technology Center, CCCC Second Harbour Engineering Co., Ltd., Wuhan 430040, China;
2. School of Civil Engineering, Southeast University, Nanjing 210096, China)

Abstract: During working process, suction bucket foundation is not only subjected to the action of vertical load induced by the
weights of fan and equipment, but also imposed by lateral loads caused by wind, wave, and current. In the case of high-latitude waters,
the suction bucket foundation structures may also suffered by long-term ice pressure. To this end, by using three-dimensional finite
element model, this paper researches on the horizontal ultimate bearing capacity and instability mode of suction bucket foundation
under the saturated drainage sand conditions, analyzes the suction bucket foundation failure mechanism when horizontal loading
slowly, discusses the bucket foundation bearing performance under different length-diameter ratios; and the earth pressure
distribution and the rotation axis position of bucket inner and outer are studied. Furthermore, based on the limit equilibrium method, a
formula of ultimate horizontal bearing capacity for the suction bucket under saturated drainage sand conditions is deduced. The study
results can provide the reference and basis for the design of suction bucket foundation in sand ground.
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Fig.1 Application of suction bucket foundation
in off shore wind farm
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Fig.3 Displacement nephogram of bucket foundation
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(b) L/D=2.0 I} S

b T A% BRSPS Ag 732, WL
AT A AT Y, DL — R A A BRI 2 A RTHE . A SCHE
THE R T REAE () HEABOE «

(1) FlARE A P AR — NI

(2) FlAR A B X A ARTE KT8
Bl L BB 43 56 s 2 1 3 AA .

(3) 2 A A e i e BEL 1

(4) 75 J8 B FT I ¢ AR Ay B fE R BRI
ST B X s LA LTINS, WAEE
IXHR Gy ARG FESR T

(5) AEFHT-4MulARRE _E K F ARSI IR
Winkler 55 o

(6) VEHIT-HMukmsE b B 1) A4 BE R ) 1%
MR KPR I RE LG, BIZEVRFE 2 Ab, )

BYN. )R
t.=fo, QP
b LR R A, AR LS )
H BRI o
(7)) Ve TR AR L1 8% o) A5t ) R4 Al
MWinklerfiie, HIEAN
o,=—k,xo 2)
X &, AR ML REG o AMARTE K484
RIS A
(8) ZMSCHR[16—17], ABAEHN I 1f1 52 21 (1) Hh
SO SRR ACAL R E E, D)) ) Tl
AR BRAEL Ay 250 5 1 e ) ) R 452 )
BT LA AR, 3 B TR KTy 28t PR P-4
2 JPRAS A L M A [ AT LU R A T SR il % )
SRR A W1 N S = A R = RN W
ML/D<2.0W, & LA RO mi LU AR5
BEAE RO RO R R, HAEXOY Y1 B
S XL AR 0, WXOZ N (BRI O=011),
AR BT A0 A2 ) A2 K S 5T 70 WAR e SR A 2 L o)
A, HIEA
o=k (z—zy)@ (3
ek AL R E, AR “m ™A E
RY k,=mz -
TEXOY RN, AKRIAR I8 K P51 ) v i
=AU, gl

0,=0,,cos0 4
TARARIE G x BT 3N
o.,=0,cosf=c,, cos’ 0 (5

P XERAKG), ATFHE R AL AR [ 7]
KBTI A

o.,=wmz(z—L)cos’ 0 (6)
A S A =B DX AR
0,=k,y'z VD)

s k, AREHT LB LIS REG y AR
ML L, e RS
=L @=3k fy'L [(2k R*+fmL )
P=
4DomL’ (rL+8Df ) +16Dk,y'L’ (3Df — 27 L) +3k wnD*
384L

(8)

ez AR OEER RS k, ARS8 1
JE &4, RS 5 = SRET .

2 L/ID=2.0 I, 7E XOZ N, 0=04b,

PRFTNAR ) AR HU WA SR R R DA | S 4



226 b +

o 2013 4

WL oy A, BN Mo, Wil 7(b)it
s, HIEAY
_{koy‘z-i-kh (Zo - z)a) s (z < Zo)
x0 (Z > ZO)
e ky S LARIIER LN ) R4
1E XOY ~F1 N, T AREIAE [ K50 v i 5
=AU, Bl

9
kyy'z,

o,=0,,cos0 (10
T ARAR B RKEHT I x BT 1R (20
o.,=0,cosf=c,, cos’ 0 (1D

¥l QD AKX (9, WIHEREE & T4
1 x A

o= kyy'ztk, (z) - z) @ |cos’ 0, (2 <z,) (12
k,y'zcos’ 0,

o Z>ZO

zp2 =i

AR O 30 X AT
ke (z<1z)
Txo” ky'ztk, (z—zy) o, (z2>2z,)
FERIRBE AL AR x K404
(z=2) (14)
=] ky'zth, (z—2)) @ |cos 0, (z > z,)
MR LA LT, BT AR TR
a1 (k)
’ 10k, R*+2finl’
nL(lzlkb—ZSka)+37512f(k0+ké)}+

(13)

_ ' 2
o, =k,y'zcos" 0,

5

1500

2891w L+780w f —150nDf
7500

P=DfL{

k,onD’
128L

+Dmﬁ(

(15
PR TR 2 sCRAR (R B R R A SO 5838
T IR, AR MRS - R AR A
B, 8 T AAR O AL 5, AR DASE
2 L AN VAT 71 B Sl A YA A 55 W < YA
TR AT SR, 5 T AR AN R
TR it O T 1 PR 45 10 A OGS A1 7 38 B A
(K5, TR SRR SR TR, P 21 25
i+ TRENH]

4 5 i
B KT A W g 2R S R
VEIBESE A RGBS B2 AT R R B 5 T

TR AT AP I g 3R Al T Ak (14 22 7 WL A S
HRBITRE, TTREARGEMIRA B 74T 5 2 e

S ARSCWTGT T NI L I BEAR T At/ /R
IR Eate s i AL B A S, 138 T AR KR
PR LA RASHE,  JFRE— 2P T2l
WANERE [ - 5 T3 73 A O o AR A s 0 A s
Dy AR R B HE S TG ] AR - s R 1
LD 1 G B €= WA R /A

Bt L R AR, WFTUAN [ s A% 1
RNIE 72 ik S -9 IV S R M TN O
BRI 7 EMOCR I TAE . AT
WU AEUE T RE Al I, DTS4 i Rt
— k.

2 % L W

[1] IBSEN L B, SCHAKENDA B, NIELSEN S A.
Development of the bucket foundation for offshore wind
turbines[M]. Hannover: [s.n.]. 2004.

[2] CHRISTIAN L B, KIM A, NIELSEN S A. The monopod
bucket foundation recent experience and challenges
ahead[C]/European Offshore Wind Conference &
Exhibition. Stockholm: [s.n.], 2009.

[31 JEPOk. BhHE IO R a7 45 F AeUE MERTSE[D].
RHE: R TR, 2006.

[4] AUt BT A B AR RS PR AR B ) WE 9T D], R
RHERAE, 2006.

(51 wURk e ) s RERE AR B R PERFSE[D]. K
KR T KA, 2007.

[6]  PMRUS. APy A F R Bt e v A T il A L
R BNERERE JE[D]. KHE: KERL T K27, 2009.

(71 akEk, el iz, 55 MRS R AR B0 R

PEWFIE[T). A2 TREAR, 2005, 24(7): 1169—
1172.
ZHANG lJin-lai, LU Xiao-bing, WANG Shu-yun, et al.
The characteristics of the bearing capacity of bucket
foundation[J]. Chinese Journal of Rock Mechanics and
Engineering, 2005, 24(7): 1169 —1172.

(8] HEivets, MEM, kK. WvET- & Wy sUERL KR 5T
SRERE[T]. J12Eat R, 2003, 33(1): 27—40.

LU Xiao-bing, ZHANG Zhe-min, ZHANG Jin-lai.
Progress in the study on the bucket foundations of

offshore platform[J]. Advances in Mechanics, 2003,

33(1): 27—40.
91 2= WU al = MR BR AT 9 [D]. dbat: i1k
KA, 2007.

[10] M/ W) QA At AR 2R 1) 28 AR AR 36 A 5 [ D).
Jbat: ¥EHE K2, 2006.



B

P AN - R sl ) SRR R AP AR B9

227

(11]

[12]

[13]

[14]

TR, TR K, FEWer, S MTERLAL AR K A&
TIRREGH T[], b TR, 1999, 21(6): 723—726.
SHI Xiao-chun, XU Ri-qing, GONG Xiao-nan, et al.
Experimental study on horizontal bearing capacity of
Chinese Journal of

Geotechnical Engineering, 1999, 21(6): 723 —726.
FAN Qing-lai, LUAN Mao-tian, YANG Qing. Three

single bucket foundation[J].

dimensional nonlinear finite element analyses for

horizontal bearing capacity of deeply-embedded
large-diameter cylindrical structure on soft ground[C]/
Proceedings of the 4th Interactional Conference on soft
soil Engineedng. London: Taylor & Francis Group, 2006:
521—530.

XHREL, e, Z=5A0, 45 FUBMIE IR IL KT
AR, A T TR, 2000, 22(6): 691 —95.
LIU Zhen-wen, WANG Jian-hua, QIN Chong-ren, et al.
Research on the horizontal bearing capacity of bucket
foundations[J]. Chinese Journal of Geotechnical En-
gineering, 2000, 22(6): 691—95.

VKM, FErpor, AL MR G AR RIS AL R
IR, A TREEEE, 1999, 25(2): 12—18.

SUN Da-peng, YUAN Zhong-li, ZHU Qi-min. Ex-

FEFE10R

[12]

[13]

[14]

RS, RHCE, BRIEE . ZARE AL 2 A2 T
ORI KA RoT A [0, A4 e S TR R,
1997, 16(4): 305—311.

LI Gui-rong, SHE Cheng-xue, CHEN sheng-hong.
Curved deformation damage test and fem analysis of
Chinese Journal of
Rock Mechanics and Engineering, 1997, 16(4): 305—
311.

MR, BRI, 1B = e ) i R0,
+ 712, 1995, 16(4): 20—29.

LIU Jun, CHEN Sheng-hong. Three-dimensional elastic

slope with layered rockmass[J].

couple stress theory of jointed rockmass[J]. Rock and
Soil Mechanics, 1995, 16(4): 20—29.

MR, S, BN, A EREARTTHZ R 23 ) i
NI BRI [I]. A A o TRESAR, 2000, 19(3):
276—280.

LIU Jun, HUANG Ming, GE Xiu-run, et al. Analysis on
layered rockmass excavating with spatial elastic couple
stress theory[J]. Chinese Journal of Rock Mechanics

and Engineering, 2000, 19(3): 276 —280.

[13]

[16]

[17]

[13]

[16]

[17]

perimental research on the bearing capacity of bucket
foundation in beach-shallow sea[J]. Petroleum Engineering
Construction, 1999, 25(2): 12—18.

MEAE, AR RS KR 4 + s 0 v O] s
T TRE2EIR, 2002, 24(3): 313—318

ZHU Cun-hong. Computation of earth pressure on large
diameter cylinder under service ultimate state[J]. Chinese
Journal of Geotechnical Engineering, 2002, 24(3): 313
—318.

BUIRTE, FJ5. 26 18 AR BT OIE T Al B At K1
ARBIWIEI]. #ELHOR, 2005, 12(4): 43—45

ZHU Zhen-yu, YAN Nai-ling. Research on the horizontal
bearing capacity of bucket foundations under the soil
shearing effect[J]. Port Engineering Technology, 2005,
12(4): 43—45.

ook, BWHE. PINXKEAR R 452 A v 507
PAIEI]. ETREAR, 1997, 19(2): 41 —46

WANG Yuan-zhan, CHI Li-hua. Study on calculating
approach to displacements of large-diameter cylindrical
wall[J]. Chinese Journal of Geotechnical Engineering,

1997, 19(2): 41 —46.

Mok, RS, VRES. A ) BRI R A =
HUERU[T]. PRI #2740, 2008, 30(3): 73—77.
YANG Le, WU De-lun, XU Nian-chun. A Cosserat
theory-based numerical simulation of an underground
cavern in layered rockmass[J]. Journal of Chongqing
Jianzhu University, 2008, 30(3): 73—77.

TR, BRI 5 AR ) 2R A R I % T
BRI, PUERHR ], 2006, 26(1): 31—35.
WANG Qi-yao, ZHAO Fa-suo. Numerical simulation of
excavating openings in layered rockmass considering the
couple stress[J]. Journal of Xi’an University of Science
and Technology, 2006, 26(1): 31 —35.

SREGHE, BT, i ) BB T 486 [ Bk o HLREL Y 4 7
SrATIRAN]. MR AR TR AR, 2009, 5(4): 714—
723.

ZHANG Pei-sheng, YIN Ke. An analysis method of the
whole working course for the force transferring
mechanism in fixed segment of tensile-type anchor bar[J].
and

Chinese Journal

Engineering, 2009, 5(4): 714—723.

of Underground Space



