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Abstract: As an efficient, economical and environmentally friendly foundation form, suction bucket foundation has
been widely used in marine engineering. Among them, the jacket foundation supported by multiple suction bucket is
widely used in the offshore wind power field. How to realize the safe and efficient penetration of the suction bucket and
meet the technical indicators of the installation of the suction bucket jacket is the key to the construction design. This
paper systematically summarizes the calculation methods of penetration resistance, required suction and allowable
suction of suction bucket foundation in clay and sand layers. Based on specific construction cases, the penetration
analysis 1s carried out, the self-weight penetration depth of suction bucket is predicted, and the reasonable suction
setting method and the main limiting factors of allowable suction are mastered, which provides technical reference for
offshore construction of suction bucket jacket foundation.
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Fig.1 Basic model diagram of suction bucket

installing calculation
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Table 3 Calculation of critical suction force of suction

bucket in sand
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W13-C1 W13-C2 W13-C3
Ll = e s AN /0N /Iy
iy e %ijﬁf J2 TR BE /m %ﬁiﬁ JREVREE /m %ﬁiﬂpf J IR EE /m
O e BB Bl 1 Wl 0.79 8.4 0.73 9.00 0.46 7.20
@, ¥ 4 wb ik 2.24 10.30 1.32 10.50 2.55 10.30
O 195i¥ s o 1.43 22.10 1.11 22.70 1.27 21.20
OFLEY ik g 7.51 25.00 3.03 24.50 16.86 24.30
O A=) 21 2Kk 27.81 25.90 5.54 25.37 8.97 27.85

T < IR SRR DA CPT 8l A SR T, 2 vb o IX [ S 44

2.2 Wyt B A 2.3 WG fA A ARG R
W g a7 5 ARy AR R (O ) )RR i i W T 16 A8 2R RO B 8 X 6 L AR R D 22 << 200

B ) RN B E S A AL A, iR 3 B o Hoh 2R iR s B mm ; & FE 2V 25 0~ —500 mm; % F 5 W 1 5 &%
42 m, W ) & B 34, W ) £ G TR 30 m, W ) IR TOUHR k22 K T B e 25 <<3%0 1, e BB A A A
A AMNME 13 m, 5 15.8 m, f& /R BEJ& 40 mm , 22 (K & & F0.177 5 W Iy A T A R B IR O AL fR R R e 25 <<
220 505 t, 3 7 8 S BT i 2 895 t, WK T A S A 4R + 2.5 AW AT 0 B K R LT
MTUR S 1400 t, R E



36 iR T2 20234 3 A
12m T2
|
T B A
NANIN |\ CLEAI AL
=
< _ 2
s
W 7 8 e
& ne \ \ 3fEAL
- 1 | 1
30m
B3 WBBRAHSERMEN
Fig.3 W13 suction bucket jacket outline structure drawing
2.4 Wyt A ARULTL T &5 BABISERERSY

RPEDUE T AR, B TR Table 5 Basic parameters of suction bucket jacket
KW T3 EEVEW TS X HL o B = AN ) R T B FERRIIT IS Wi3
FRIE SR, W 0 S A8 R0 b2 S AR 2 A Bt KR /m 28.28
FAARAE T W% D,/m 12.92
240 ARV SHED./m 1500

Bt 4 .

BRSO SRR R s o

% R ) KR ) SR AR T A (70% B4 ;%E;;/Z s
N \ N N Yyfiy PN AP/ m el
BT KT, 30% H A 6r T K I LA B AL LT 1Y .

o . , . AT A 755 5 /m 15.80
/ﬁzﬁﬁ/‘?}u@ ,ﬁffﬁﬁﬁﬁiﬂ/ﬂiﬁ{/ﬁﬁﬁﬁﬁiolﬁ kN’I va/\?'ﬁﬁf}‘{‘/m 15.30
g%é&ﬂ% 56 Wﬁ%%‘/\@’gﬁﬂ“ﬁ 15.30 m,% 141 AU S/ 895.00
ToUTE 7 0.5 m 23 B T WE 3R, LA £ 3 100 5 0 IR AT Sl R/ 505.00
RO fl T /1 /kN 4041.00

4 W13-C1, W13-C2, W13-C3 = 4> i i
CPT %4t , 2 M DNVGL-RP-C212 8. J5 1, & F
ko, 16 B AR K AT BB AR, 118 3 AN W g a1 0 B B T e
JIR (% 3 JZ2 BEL S, DL TR 4. 3 2H B0 X e 22 SRk B
W, C1.C2MC3 AN &MU ZE,C31E7.2m
B AP 2 A0 25 0 28 458 2R 8K A 00 35 AR, B C3
SALUUEB I BN T CL.C2 50 . W S fa & g
5P A AER RIS B B ARE 3 E A E

PR HR 4.27 .3.62.5.65 m, C2 s o7 7F 3.6~ 243 IESERS

3.8 m VR th BLHE e 5, S BOR A4 11 T Y
W R VR
F1 TR DA S B A 51T B I A

2.4.2

T3 AR TRYIE A3 A4 W 3 5 oA A BB A AR BT P9 T T
U R e (N S (M L A N A
TREE o O v iR b )2 B W BB R T R SR W
Seeqs A B IR BT SR ML JZ B 05 | T A i A 1)
R W 3 ) b R A ) A AR VR T LAY TR T
N AR ST Se M FEW T S, T TS S, = B AR
{H o AR R0 OCBEIE T I A5 R UL 5.

(1) 3R KW ) 28 S Bk, C3 W R 5K
W 3 /N T AR 2 W T BT A S PR T R B 1
2 L% S (E B Ok B BR [ 2B B0 ) 1



555055 2 A PR AR I W 0 A R RE U B 5 A 37
FEINBH /KN W 336 Fl /kPa
o 05000 1000015000 20000 25000 30000 35000 0.0 50 100 150 200 250 300 350
2t — Wi13-Cl 2f \
4l — WI3-C2 4t
— W13-C3 = 6
- 6t — &/ % sl
,L:tg( 8 r ol 10}
E\:é 107 12,
121 14}
16l
14y (a)W13-C1
167 W% 4736/ kPa
B4 3MRABMNBRE-FRAHE 00 50 100 150 200 250 300 350
Fig.4 Penetration depth-resistance curve of three ol
suction buckets 4l
E 6f
AR ) C3 MW Iy 6 64 T ) R fj«i 8¢
(2)W13 i THLOLK R ik 28.28 m, HWE 7 & ' 12'
A 25 Ke I B 3 4, 25 A0 R 00 A il R T K T 2 1l
+ 9B 3 Al IR B T, W g b B 5 A I A 16t :
‘ (b)W13-C2
RIS W J356 FEl /kPa
(3) Ife - W g 38 ok O A o3 A7 455 B0 3 F 5 Feld % 0 50 100 150 200 250 300 350
B SRR AT BB H 55 45 4O HEIE 1T B ol \
5 SRR BRI FEA, = #HE HB A& 4
§ ~ 6
5 AR T 5 = sl
(4)CLH C27 KW 71 5 1T SR, J% Feld £ %} =0l
A S 7 A S S AR R I g A T B B4, T AR 12p
N . s e 14
3G I I, e R AN R R HB R TSR 16
(c)W13-C3
4 Hip — ITHER — SREEAS  — HBAHZY
U 5 DR 2 g 2 R s R
— JEE S

SR it T B e v T BRI O R BRI SR R )
el B T R it T 9 AT S LR B o AR SC A = e | XL
CINIY R A R = S O BT 2
FEAERT .

(1) W T fe S A8 B0 2 2 M B R Ay, W TR L
BUR DM e T e 4 A SR 0 R AR DT BT 4y
Bt B8 3, R ™ b 4 1 25 S 0 ) 1 IR g, S
STULTE, 38 2o W A AN W AT 21 )

(2) FE 7K VR 2 20 m ¥ 38007 FH W g 0, 25 Ak i
J1 B 5 B E BN R T AN W ) R
il A %

(3) W 77 fr) S A8 AR 187 M4 R ) 6 B8 A7 285 4, JA) 1) A0
J JeE 1 0 JRUS: A /0 5 Lt o T v 3 7R R A Y
AL i A, A 80 e £ A e i ) R (R T e

5 3PMRAETRRE-R L%
Fig.5 Penetration depth—suction curve of three

suction buckets

T v O S B R A RIE i TR M B T IS KA 5 B A ik
B, 8 Jon e sl XU 5

(4) 1 7 a7 s 508 ) 2 2 v i g SR FRA IR R, i
BN R G R L 4 BRI S A AR i R
R B0 377t T 0 AR 3 > R R T T % A AL
AR AR R

2 & 3k (References) :
[1] JIA N, DING H, ZHANG P, et al. The Seismic response of

composite bucket foundation for offshore wind turbines under scour



38

R TR

20234F 3 H

(2]

(3]

(4]

(6]

[7]

(8]

(9]

[10]

conditions[ C ]//Proceedings of the 27th International Ocean and
Polar Engineering Conference, 2017, ISOPE-1-17-227.
ROk BR O I0 AR i L KUHL S A R R R 64 S0
(I R AR 2 2 4 (CFAR B2 5 TR R M) L 2014 ,47: 987-93.
LIAN lJijjian, CHEN Fei, YANG Xu, et al. Suction installation
and leveling of composite bucket foundation for offshore wind tur-
bines[J]. Journal of Tianjin University (Science and Technolo-
gy), 2014,47(11) :987-993.
EEPNUZIREY S O RN 0p U ER W A B 2
] N AR B g —— AR ) R AR Sy A (D] s £ TR AR AR,
2013,35:2030-2037.
LI Dayong, FENG Linyun, ZHANG Yukun, et al. Model tests
on lateral bearing capacity and deformation of skirted suction cais-
sons in saturated fine sand under horizontal monotonic loading
[J]. Chinese Journal of Geotechnical Engineering, 2013, 35:
2030-2037.
kA T XU I ) 2 AR DO AT S (D] R R
K2#,2018
ZHANG Chao. Research on penetration and sinking-leveling of
multi bucket foundation for offshore wind turbines[D]. Tianjin:
Tianjin University,, 2018.
Houlsby G, Byrne B. Design procedures for installation of suc-
tion caissons in clay and other materials[J]. Proceedings of The
Institution of Civil Engineers-geotechnical Engineering, 2005,
158:75-82.
Det Norske Veritas. DNV-RP-E303 geotechnical design and in-
stallation of suction anchors in clay recommended practice [S].
Hovik, Norway: Det Norske Veritas, 2017.
Houlsby G T, Byrne B W. Design procedures for installation of
suction caissons in sand[ J]. Geotechnical Engineering, 2005,158
(3):135-44.
Det Norske Veritas. DNV-RP-C212 offshore soil mechanics
and geotechnical engineering [ S]. Hovik, Norway: Det Norske
Veritas, 2019.
Andersen K H, Jostad H P, Dyvik R. Penetration resistance of
offshore skirted foundations and anchors in dense sand [J]. Jour-
nal of Geotechnical & Geoenvironmental Engineering, 2008, 134
(1):106-16.
Sturm H. Design aspects of suction caissons for offshore wind
turbine foundations [ C]//Proceedings of the TC209 Work-
shop, TC 209 — Foundation Design of Offshore Wind Struc-
tures, 19th ICSMGE: Seoul, Korea, 2017.

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

Feld T. Suction buckets, a new innovative foundation concept,
applied to offshore wind turbines[ D ]. Aalborg, Denmark: Aal-
borg University, 2001.

Senders M, Randolph M F. CPT-based method for the installa-
tion of suction caissons in sand [J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2009,135(1) : 14-25.

Ibsen L. B, Thilsted C L. Numerical study of piping limits for
suction installation of offshore skirted foundations an anchors in
layered sand[ C]//Proceedings of the the 2" International Sym-
posium on Frontiers in Offshore Geotechnics. Perth, Australia,
2010.

Windenburg D F, Trilling C. Collapse by instability of thin cy-
lindrical shells under external pressure[J], Journal of Fluids En-
gineering, 2010.

Whittle A J, Germaine J T. Behavior of miniature suction casis-
sons in clay [C]//Proceedings of the Offshore Site Investiga-
tion and Foundation Behaviour: New Frontiers—Proceedings of
an International Conference. LLondon, UK, 1998.

Andersen K H, Jostad H P. Foundation design of skirted foun-
dations and anchors in clay [C]//Proceedings of the Offshore
Technology Conference. Houston, USA, 1999.

Senders M. Suction caissons in sand as tripod foundations for
offshore wind turbines [D]. Perth, Australia: The University
of Western Australia, 2009.

FD 003—2007 (147 ) , KU AL LA b S BE Al BE R[S .

FD 003—2007 (trial) , Wind turbine generator foundation de-
sign regulation[ S].

BB 25 5, SC DU 2, 09 B4, 45 L ROK IR DL T R 6 I g 3K
S A KUBLEE Rl it 107 58 0 A [T ] 8 a2l R, 2022, (9)
96-101.

LANG Lvyuan, Al Siya, ZENG Xianren, et al. Analysis of
construction solutions for large tonnage suction jacket wind tur-
bine foundations in deep water and rough sea conditions[J]. Fu-
jian Transportation Technology, 2022,(9):96-101.

D TR DA =R g e X A AR R S T[] Al
FH: 5 % I, 2021(12) : 28-31

LIU Hui. The first three-pile suction bucket type jacket founda-
tion grouting process in china[J]. Sci-Tech &. Development of

Enterprise, 2021(12):28-31.

(% T L)



