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Review of installation behavior of suction caisson in layered soil
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Abstract; A suction caisson has been increasingly applied as foundation supporting offshore wind turbines. Compared to lager
offshore monopiles, suction caissons have many advantages such as low cost, fast installation, easy removal and reuse, little
environmental impact. Seabed is composed of layered soil, which causes the installation of suction caisson many uncertainties. The
theoretical and experimental research of suction caisson installation has been focused on the homogeneous soil, and the research on the
installation in complex layered soil needs to been strengthened because the practice in such situation will be always encountered. This
paper first analyzes and summarizes the basic principle of penetration of suction foundation in homogeneous soil. Next, this study
illustrates the theoretical, experimental and numerical results of the penetration mechanisms of suction caisson in layered soil, and
some factors affecting the suction caisson penetration characteristics and behavior are analyzed. Finally, some suggestions of studying
installation of the suction caisson in layered soil are proposed.
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Fig. 1 Suction caisson and installation
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Fig. 2 Schematic modified suction caisson (MSC)
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Fig. 3 Penetration mechanism of suction caisson in various layered soils profile
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Fig. 4 Deformation of soil plug during suction installation in sand overlying clay
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Fig. 5 Deformation of soil plug during suction installation in clay overlying sand
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Fig. 6 Clay plug heave splitting and lifting during suction installation in clay overlying sand
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Tab.1 Behaviors of suction caisson installation in layered soil
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Fig. 7 Mechanism of soil plug instability and failure in layered soils
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Tab.2 Formulas of penetrating resistance of suction caisson in sand
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Tab.3 Formulas for penetration resistance of suction caisson in clay
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Tab.4 Formulas for the critical suction of suction caisson installed in sand
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Tab.5 Formulas for the critical suction of suction caisson installed in clay
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Fig. 8 Penetration mechanism of suction caisson in layered soil
TEDT BT W 7 Al S0 1 B A~ AN Rl 208 08 A 8k, B mﬂiﬁ — AN b 4
FE K ST RE AT AR % 1 SR T X ) R 0 , 3L 3 M T i BRI = ke D/ b ins L

WiE . HZSEE N 0.01 1), B 12 T a9 RAWII#9 2.5%, T BMPJZAYE Btk ), JCW] s A0 . Al
Wt o, & 2R THE , th T SUZ BNy, T BN 4 J2 h TF A6 A B 32 0 R K Bk AR Ak, W T Bl
SRR e WA

W S T s ., 6, B LR BRI XN RTHIIR o th T8 R R AR AR SR I JZE S A 25 B v, i a) B
0 P 2 A ) R, T B I VB DR W K 22 36, T AR AT - ZERAE RS i B2, (L] B3 S Ah L 28 N AR AR S 2 2
B M) 6 A 5 0 5T ISR P08 WK R 2, 286 - SR AE XTIV ) T BE RS AR X DR F5 58 e, (H 1 FE R e AR i 2 T
o o3 L T DT A A FE R we WA 2 S R ] 1) 52 M (A (] A J2 0% 2 ST BRI e A R REL T AR A 1
FIBARARMEMERA A | SEXELURTA T 50T ST AT BE BT 32 B ) o Senders 557 i Y A T3 G B T 5, 9 07 125
1R I IO AR BE ) PR BEL Ty, (ELAT ik — 20 5 I TR S SR 2 A B A B R O AR ) W 3K
I FRY 52

53 2 - AEW I BUTTVE FR B me A SRR NS SRR O AR 2, DL BT B A B, F2 2 A I8
18 B R U T S /A WS B U £ X - s o Ny PN~/ = AR e e b A e 2 .7 B A R
PEFGUSTRE I A520 o 32 B A AR X AR (B AP A5 1) 2 2N P PR T b e = ] Sk
23 MERIESERN

W 3 HE AT BTN 5 S 60 o B A 8 1 K2 1 LA ke B R i) AR BEL T o A IR 0 B 2 EAT Ab 4K
T AR 1A PN A8 T A P DT 8 6 1) P92 A P A 1 5 1) 7 el L AR K L T ks A M L
T 280 BERE SRR DB HEA T, W TRk R, 1 ZE R Kt R ™ L ) BE R Y ZE XS TR
BE B 2 2 FIRAR A A UM, A L Te i 0 B B Pl e TR B2, Ab B A FE UK ST b T AR (R INF IR o 2ok vy
1Y) 1 FE i 25 T B AR AT 22 BT b 0 7K P17 28, IR 7 Rt %) D2 AR A E’ﬂﬁfﬁﬁﬁﬁﬁiﬂ(?ﬁ@ij}
IS T (A TR 5 KIAL g T F) 27t o R B0 DR, 0 it %) 0 P A S L R e R TR SR
oh, W BERE DT DTS ) 1 2w B, FR AR R A — D RE LA, DU BT 2 i RICR . %ﬁ%ﬁtﬂﬁﬁjﬁi
T BTN, /) b R A 2 S S AR TR R G %) DRI A ) s A i 7 - A S P T R IS 4 1 i
JHERI RN

FERHAERD £ R Iy 2 e m), At in7E b 1 + ZETOUE b AW ) /N Tl Ay, AR 32 R AR S AR T
T R RS 1 2 7 B AR 19 0.5% . Tran 555438 5 %) bb A BRI BT 5 (8 W T SERIAR 9 44 CPT i35




55139 ERB A i B A ) SRR TE T2 P DU R S 2k 121

S5O, R BT ET A i 1) A P AR A AR [ A PR R B L AT N R IR A PR RO I, A - FE 2
di LA 6% Feld™ FHEE AL 72 AR BE il b - AR TE B 0 1 (O FH S8 R IR, % LA A 1 A4 7E
BN 2 AP BN 1 ZEREH . Senders FESFERD + rp R AT BT IE , LS R4 P 4 2E AN
BB RE AR . YD R SERIT B R R R I B Ty B AR P AR S R A R R B IR fif
P30 T3 TCARAE 5 CE A P A ZE 5 B A A B w42 ki Ty Bt ) 05, (TR vA DB B

W 7 HERRAE RS R UUBL R, B TR E REAEE /N N ASTE U BB, R ML 550 1
HIRKZS, TR EIHA—E, Villalobos 25 A AW S 0T SR, A BE R BIF LB B 1Y 1K 50% 2>
MAATAIE L 2E . Andersen Fl Jostad “*IA Ay , A BE i 8 S~ A B4 il R B 22 2% ISP AR B ) HE 5 50% A9 L
TSI, 50% Tt 1A PN 5 I8 5% <2220 F D0 2 il T 5 e 32 ¥ 4 0 e [ A o, i = 2E RS . Zhou AT Randolph'”7 3
PR RS I H A BRITE AR (ALE) BTLLE S0 B, & 0 7 rhoA B 2 46 ) AR — B OREF 65% T A A
o Chen Fll Randolph ™ 7E % + H BT 1/D=4 iYW 7 LR T 5T 00056, e IR R ) 225wk B 20+
FEMIFERL AR TR AT BEHE + 1 50% , 1M 1 5T 22 BE 10k 20%

R LV S ALE RARBEALIE T 05T & I, B LA P 2 i B O BRI BE A - DA TR EE 1 8%~14%
] i A A 0 b v I SR T SRR G v, & BT BT LR B Bt 0 X e g, X b SE I R S AN R, SR
TR, T IERE R U LN SER R I B —E R, R AR N A A R =T, 3
YR 2T BT SR W S U B A N 0 B R R T B S L WG T R S 3, A A A PN S N ik A A
BRGS0 T A5 B4 W% 7 0 B RS PR e ¢ SE ) e BE WA K T3 BB APT R T3 A%, W Ll 0 e 8 46 - 4 =
AWK FE R

=] HE A5 R 1 T A v B BTN A 2 SR DA AR AR T Dl R b, R A R R T RE £
W AT ARN TR il RS, FOR IR 5+ EER S, R

By = m(D?/D?* = 1)z (14)

- FERER S m AL AR AT AR ST A 56, A5 Bt in i 09— 46 m 3 /N DIAR 5C , 24 Brst n
FRIRE I 7E SV Bl A I, 3000 I 2 Y 1 FERE L 24 74% ~ 105% .

Zhao %55 1 ALE 5 ARBIIY 35 + i (W Ty SERITU B 5 8 T3 — L B AR s /y' D T kly'

fith )RSF DIb + ¢ RS AR EE d/D WU AH PR, XAl P S8 K e /=1 B () BRI 45 280 7 1 S s B i
Mk =0h
By i 2.19 . i i . 0.74 Do\
> -3.45(D) exp( D)(0.687,+7,D) (bﬂ) (15)

LB AL, 73R BB e BERR T2 W ISR AN i 5 AR BT W A 5 R S £ A AR P
ENGERE ) DRI ZAT 0259 Westgate 552 LVDT I 2t 0 Bk 76 2 - v UBT I Py 8 + 8RR B 00, &
PR A T 83 TR J 700 5T T 4 98 i BE S WA AR/ AEA R 17 s B 0 %) SRl A PR 2 9 B v T 3K
RN EPIAE . Wang F5 R FRASIEAT BRITIT B W 2R 1) S 45440 , Xof W g HERiFE b 25T i 85 4 P e B
R R N L ZE RSN

Ragni 555058 i 2P A 2.0, WA ) b R G 2 P e st Al b AR R IE Rz gl . R e
TR e B BT I 30 P F) L SR S AR S, AR S T R 2 1 v B D) A SE N R AT R A 1

AL, 0 — b SRR T R 0 AR AR R A W AR A

Watson 5575 i 126 RD A P g SRR BT - 28 i BE T80 7 -

SR A T Y (16)

Rewre = | &
heave sand sanc
’)/wh‘(-lay ’y“ hplug

'32 !
/E\:EF' > Splug (aSuD +y (:lay)LplugAt’SZ Z S| = S0
i

Xk W BT BT S R R B R X - FE R, A LT aERD W B ERYR R DB
SIS R A I g R B B TR A RETC AR )2 o SRy e e (L, R P RS R A AR,
SE I I B B UTERD 4 v iy 2~3 4%, IR JS SE DU DT FUR MR . Cotter ™ ARIEB AL IR 45K, Iy



122 [ R 41 35

R RPAJE b R SRR E M S BT P A R, 12 ETHBOR T ORISR R B B D) R SR
THEEREE LA N LR R Y, 2 2E E TG SR MR L . Watson SF VR I AT B LR AP b b AT
W 3 il 25 OB ARy, 5 SRR W W B I, BR A 0T B BE ) R ) R BTN ] R AI . AR SR Ty
W L R RIS w157, G E 4R T D A vt BB A, B I (R ARG - FE T R R T, B A ek £ IO
Mo Senders %7 i BT HS TS L IEAYRR B FIBT DT PR S R A HFEFF R Watson 557 W4 EI A
P - FEFE W SRR T BT BB Aa TR PRI, 4 AT BT I 1] AT DA RRARR - 8 i B

M T3 J2 b BRI S 2R 38 W] RE 23 K AR B AU A BRI BE K i, T B I xfE LAt R ) LR
B LA Tran 55 & B /80 + 432 v, W 03 BRI TS BT LU ) FE DR /N (EL BT 5 W ) 45 i
RRIERTE 7o =T [TV e o AT 1) v 5 N R R EANE U8 AP ok v N 1100 0= o AP St R B Wl [ B 2 Y
7, R T MO JZE A BB R RS B0 o A PIV BORFIEARAE AT S A PN 1 ZERE A IR, AN BB ZHLF A i1
SRMERTAR N R ARASTE RN - B A S S AR5 )2 R UUB S, b ZE M T 0 AR A 0 W ) A fE 2 AR A% A Tl
PERERY M, W5 ik — 2P IR 5T .

W I HEREAE S TR L P T BTAT, B T set-up 0N FAMAR P, ] B b AR BE 2s 7 DT BT AR rh 2 B
BT REAR , DUBTA5 15 SCBWIR 2, 2+ FE (0 46 T BEL ) RS 1) S 7RO, PRI 23 32 352 > (e b T
R b Lo ARBE S R, AR TR R AR AL RNE SR R ALEH] i S AR AR R R

SZ LT AT R ZERE R AR A 2 45T b Al N ZE R AL S = Tz A R A B A
5k A3)2 o A SE R FE B AR OCHIFSY , o 32 B it T AR I G R A T A, 25 SE PN W A ) - FE R
B R AL T3 B B, i T EE AT IR ARG AR AT , DA S e b J2 254 T, 26w TR IR

3 ghipHRE

AT A 21 ) BER AR AN [ 2= P T SRR T U RS MBS BE A BB A T
TET PR T SR A DT BT, A T W R AR R B Ay = R DB T B T Lk S T -
[ SRR /NS W T AL L A B 3 1 0 = e VT R S b 3o S B <3 ) e g el S0P S A B ol = I 1
BT AR RIAE A R o G — P R T A IFE

D)W I3 DUBTRE ) B3 H S B A S BEL g A — L i EE R o AN R R LA R AT £
PRB 35 280 W5 R Y A RN ) A8 A5 R ER Xk W g B 0 SOAL B A o o Sk — 20 B, Rl A
B ANT  RIZR L2 W5 R I # B WS EO LA, B ERA R E EIT5E . TU5US 12
JoR P9 A8 X W o i Al AR R [l ATt s 7 A S i Bk — 25 5 IR DU 2K set-up OV, I IR X I g
Hefh e SEARA R

2)53 )2 W g A DL BT 2 R 5 AR R I A A AR OR 22 S OGN B BRI T A T T
AT SRS TR B K T3 A6 B K, R B HE AR HEAKOR BRI , DT B ad A v b — O BE S ThT A 9 1
RIS AR R RA G —E e . Al e i LR 2 A AN R4 A T RNZ iR R
JIHEEBH 3 B AR A HUEEAT 1 IE S, 0 BTN, - 2 A B RS R SR AL B 75 E — 20 TR AT TR 0 R B A 4
g,

3) LSRN L AAPE BN = B A R AR . IR SRR OB R R AR AR S i A, B
TER R BUE T v — R RSB UL, B0 1 K T3 B 553 A1 A e S i i) £ b 1 T 3 28 Ao 1o 24
KRB NG Tk, B iR S e 0 & AR Ak , X702 b o iy Sl A T ML B A T
B M A AT

4) W SRR AE 53 )2 A DB B = B T ARSI BEE et . i 2 BN LA T AR S ROF A
—Ee 25T B g A TR I, B AR SR X LA T A B R 45 2R I B R
M TRESEHE.

SE

[1] ISKANDER M, EL-GHARBAWY S, OLSON R. Performance of suction caissons in sand and clay[]]. Canadian Geotechnical
Journal, 2002, 39(3): 576-584.



55139 ERB A i B A ) SRR TE T2 P DU R S 2k 123

(2]

(3]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

TJELTA T L. The suction foundation technology [ C ]//Proceedings of the Third International Symposium on Frontiers in Offshore
Geotechnics (ISFOG 2015). Oslo, Norway: Norwegian Geotechnical Institute, 2015 :85-94.

BYRNE B, HOULSBY G, MARTIN C, et al. Suction caisson foundations for offshore wind turbines [J]. Wind Engineering,
2002, 26(3): 145-155.

SENDERS M. Suction caissons in sand as tripod foundations for offshore wind turbines [D]. Perth, AUS: The University of
Western Australia, 2008.

HARIRECHE O, MEHRAVAR M, ALANI A M. Soil conditions and bounds to suction during the installation of caisson
foundations in sand[J]. Ocean Engineering, 2014, 88: 164-173.

SRIEE, BRI . M X X R R A N AT ) ). mE O REIR AL, 2018, 5(4): 1-11. (ZHANG Puyang, HUANG
Xuanxu. Application research on suction bucket foundation for offshore wind power[J]. Southern Energy Construction, 2018,
5(4): 1-11. (in Chinese))

WU X, HUY, LIY, etal. Foundations of offshore wind turbines: A review[]J]. Renewable and Sustainable Energy Reviews,
2019, 104: 379-393.

BANG S, PREBER T, CHO Y, et al. Suction piles for mooring of mobile offshore bases[J]. Marine Structures, 2000, 13(4):
367-382.

PR, BRIRE], MM, 4. i b XL )RRl i K32 F e £k (D], ¥ v TR, 2020, 38(4): 137-147. (LI
Dayong, CHEN Qingjian, ZHANG Yukun, et al. Review of horizontal loading on suction caisson of offshore wind turbines [J].
The Ocean Engineering, 2020, 38(4): 137-147. (in Chinese))

ZERTY, XWINGR, Fhos A 9 b RS SRR A R S I A LD ). WEPEOAR, 2011, 30(3) : 83-87. (LI Dayong, LIU
Xiaoli, SUN Zongjun. Research on new-typed suction anchor for offshore wind turbine foundation [J]. Ocean Technology,
2011, 30(3): 83-87. (in Chinese))

BRI, WEE, WKW, A OAED PR U R KT8 PR A R AR AR AR D] A AT, 2021, 42
(3): 611-619. (LI Dayong, ZHANG Jingrui, ZHANG Yukun, et al. Bearing behavior and accumulated rotation of modified
suction caisson (MSC) in saturated sand under cyclic loading [J]. Rock and Soil Mechanics, 2021, 42(3): 611-619. (in
Chinese) )

sEgsh, Eohah, 2005, 45 Bb b RO SRR A S R BRI [T ], B BoR 5 AR, 2021, 21(4): 1515-
1521. (ZHANG Yukun, WANG Chongchong, LI Dayong, et al. Numerical simulation of bearing characteristics of modified
suction caissons in sand under combined loads [J]. Science Technology and Engineering, 2021, 21(4) : 1515-1521. (in
Chinese) )

Mz, SRR, Z50R8 . KPfr 23T M A RS L Pl U o St R R [T ], NRVKRTL, 2018, 49(20) : 95-100. (BAI
Yun, ZHANG Yukun, LI Dayong. Bearing behaviors of modified suction caisson (MSC) in saturated soft clay under horizontal
loading[ﬂ. Yangtze River, 2018, 49(20): 95-100. (in Chinese))

BIENEN B, GAUDIN C, CASSIDY M J, et al. Numerical modelling of a hybrid skirted foundation under combined loading
[J]. Computers & Geotechnics, 2012, 45: 127-139.

HOGERVORST J R. Field trails with large diameter suction piles [ C ]//Proceedings of the 1980 Offshore Technology Conference
(OTC). Houston, Texas: Society of Petroleum Engineers(SPE), 1980.

TJELTA T L. Geotechnical experience from the installation of the europipe jacket with bucket foundations [ C ]/Proceedings of
the 1995 Offshore Technology Conference. Houston, Texas: Offshore Technology Conference, 1995:7795.

ISKANDER M G, OLSON R E, PAVLICEK R W. Behavior of suction piles in sand [C]//Proceedings of the Design &
Performance of Deep Foundations-Piles and Piers in Soil and Soft Rock. Dallas, Texas: American Society of Civil Engineers,
1993: 157-171.

BARBOUR R J, ERBRICH C T. Analysis of soil-skirt interaction during installation of bucket foundations using ABAQUS[ C]//
Proceedings of the 1995 Abaqus Users’ Conference. Paris, France: Abaqus Users’ Conference, 1995.

SENDERS M, RANDOLPH M F. CPT-Based method for the installation of suction caissons in sand [J]. Journal of
Geotechnical & Geoenvironmental Engineering, 2009, 135(1): 14-25.

ANDERSEN K H, JOSTAD H P, DYVIK R. Penetration resistance of offshore skirted foundations and anchors in dense sand
[J]. Journal of Geotechnical & Geoenvironmental Engineering, 2008, 134(1 ): 106-116.



124 A # T i 415

[21] ALLERSMA H G B. Centrifuge research on suction piles: Installation and bearing capacity [ C]//Proceedings of the BGA
International Conference on Foundations: Innovations, Observations, Design and Practice. Dundee, Scotland: British
Geotechnical Association, 2003:91-98.

[22] ANDERSEN K H, JOSTAD H P. Foundation design of skirted foundations and anchors in clay [C]//Proceedings of the 1999
Offshore Technology Conference. Houston, Texas: OTC Program Committee, 1999:10824.

[23] ANDERSEN K H, ANDRESEN L, JOSTAD H P, et al. Effect of skirt-tip geometry on set-up outside suction anchors in soft
clay[ C]//Proceedings of the 23rd International Conference on Offshore Mechanics and Arctic Engineering 2004(OMAE 2004 ).
Vancouver, British Columbia, Canada: American Society of Mechanical Engineers, 2004 :1035-1044.

(24] 2L, 2R 5, skF b, S5 W ) FERIIC 5T AR b - b U g E AL ST R LD ). B I TR =4, 2020, 40
(5): 829-839. (LI Yifan, LI Dayong, ZHANG Yukun, et al. Review of mechanical mechanism of bucket-soil interface during
installation of suction caissons[J]. Journal of Disaster Prevention and Mitigation Engineering, 2020, 40(5) : 829-839. (in
Chinese) )

[25] HOUSE R, RANDOLPH M F, BORBAS M E. Limiting aspect ratio for suction caisson installation in clay[ C ]//Proceedings of
the Ninth International Offshore and Polar Engineering Conference. Brest, France: The International Society of Offshore and
Polar Engineers, 1999: 99-102.

[26] CHEN W, RANDOLPH M F. External radial stress changes and axial capacity for suction caissons in soft clay [1].
Géotechnique, 2007, 57(6): 499-511.

[27] ZHOU H, RANDOLPH M F. Large deformation analysis of suction caisson installation in clay [J]. Canadian Geotechnical
Journal, 2006, 43(12): 1344-1357.

[28] CHEN W, RANDOLPH M. Radial stress changes around caissons installed in clay by jacking and by suction [ C ]//Proceedings
of the Fourteenth International Offshore and Polar Engineering Conference (ISOPE). Toulon, France, 2004:499-511.

[29] ZHAO Z, ZHOU M, HU Y, et al. Behavior of soil heave inside of stiffened caissons installing in clay [J]. Canadian
Geotechnical Journal, 2017, 6(55): 698-709.

[30] CHEN W, ZHOU H, RANDOLPH M F. Effect of installation method on external shaft friction of caissons in soft clay [J].
Journal of Geotechnical & Geoenvironmental Engineering, 2009, 135(5): 1620-1627.

[31] Tera, Bifl, skafife, 45 . i b XUR S & f BRI BT 6 1 POt Ee o M [0 ). SRR e (AR B2 5 TR R
MZ), 2017, 50(9) : 893-899. (DING Hongyan, JIA Nan, ZHANG Puyang, et al. Analysis of penetration test of composite
bucket foundations for offshore wind turbines in silty clay[J]. Journal of Tianjin University (Science and Technology) , 2017,
50(9): 893-899. (in Chinese))

[32] TRAN M N, RANDOLPH M F. Variation of suction pressure during caisson installation in sand [T]. Géotechnique, 2008, 58
(1): 1-11.

[33] B mn, 2%, Srali. ARG RIT S AR AT T[T ). e+ TR, 2003, 25(2): 236-238. (YANG Shaoli,
LI Anlong, QI Jianfeng. Experimental study on bucket foundation during penetration by suction [J]. Chinese Journal of
Geotechnical Engineering, 2003, 25(2): 236-238. (in Chinese))

[34] T4, XWRGS, WREE . W4l S0 0 Rt + OB il B W7 [T ). e b TRES2 41, 2001, 23(4) : 441-444.
(DING Hongyan, LIU Zhenyong, CHEN Xing. Model tests on soil plug formation in suction anchor for silty clay[J]. Chinese
Journal of Geotechnical Engineering, 2001, 23(4): 441-444. (in Chinese))

[35] ik, FLOEST, SR, % Ry P SORDE SRR T BT R P eI it 5 [0 ).+ TR, 2011, 33(7): 1046-
1053. (ZHU Bin, KONG Deqiong, TONG Jianguo, et al. Model tests on penetration and pullout of suction caissons in silt[J].
Chinese Journal of Geotechnical Engineering, 2011, 33(7): 1046-1053. (in Chinese))

(36] 2K 5, EAME, XN . 285740 0 ) il 76 0 -t 2 h LT MR S (0], W9 TR, 2011, 29(1) ¢ 111-115. (LI
Dayong, WANG Mei, LIU Xiaoli. Behavior of installation of offshore skirted suction foundation in sand [J]. The Ocean
Engineering, 2011, 29(1): 111-115. (in Chinese))

[37] ZHANG Y, LI D, GAO Y. Model tests on installation and extraction of suction caissons in dense sand [J]. Marine
Georesources & Geotechnology, 2017, 35(7): 921-929.

(38] 25K 58, TG, JRMTH, 45 Rtk b s St 055 KSR I e[ ] s+ TSR, 2020, 42(3): 565-
574. (LI Dayong, WANG Donglin, ZHANG Yukun, et al. Model tests on penetration and extration of modified suction



55139 ERB A i B A ) SRR TE T2 P DU R S 2k 125

caissons in clay[ﬂ. Chinese Journal of Geotechnical Engineering, 2020, 42(3): 565-574 (in Chinese) )

[39] BOLW], BB, M, 4. WA URTL B WA ROt Pr L], G e P, 2014, 43(1) : 20-24. (CHENG
Guangming, DUAN Menglan, GUO Lei, et al. Finite element analysis of seepage during installation of suction anchor[J]. Oil
Field Equipment, 2014, 43(1): 20-24. (in Chinese))

[40] FHEIR, FLoAE, HRIE, 5. Bl iR T It R b R SRTE LR B EAE I [) ). & £ 717, 2003, 24(6) : 877-881.
(WANG Gengsun, KONG Lingwei, YANG Jialing, et al. Interaction between soil mass and bucket foundation in suction
sinking process of single bucket[ J]. Rock and Soil Mechanics, 2003, 24(6): 877-881. (in Chinese))

L41] ER, To28, 0. A P TR BT 5 S8 R S s ()], MR TR, 2011, 29(1) : 8-17. (GUO Zhen,
WANG Lizhong, YUAN Feng. An experimental investigation of insertion resistance and soil heave during caisson installation
in soft clay[.”. The Ocean Engineering, 2011, 29(1): 8-17. (in Chinese))

[42] ERL, KR8, WK . % EED B BN ASACH S TS K SERFPER T[T ). A £ TR, 2019, 41(1): 185-190.
(WANG Yin, ZHU Xingyun, YANG Qing. Installation of suction caissons and formation of soil plug considering variation of
permeability of sand[J]. Chinese Journal of Geotechnical Engineering, 2019, 41(1): 185-190. (in Chinese))

[43] ANDERSEN K H, JOSTAD H P. Shear strength along outside wall of suction anchors in clay after installation [ C ]//Proceedings
of the12th Int. Offshore and Polar Engrg. Conf. (ISOPE). Kitakyushu, Japan, 2002:785-794.

[44] #/0Wi, GRANDE L, Fr&U, 2. AR GURTUE T A £ APk BB RS fad R 1] &+ TARSl, 2003, 25(6) : 662-
665. (YANG Shaoli, GRANDE L, QI Jianfeng, et al. Process of hydraulic gradient in silt during penetration of bucket by
suction[J]. Chinese Journal of Geotechnical Engineering, 2003, 25(6): 662-665. (in Chinese))

[45] TU%, BUAH, skl BH . @0+ P R SERR UL BB s vERC TR BF5E LT ). 5+ 0%, 2018, 39(9) : 3130-3138.
(DING Hongyan, JIA Nan, ZHANG Puyang. Research of seepage characteristics and penetration resistance during installation
of bucket foundations in sand[ J]. Rock and Soil Mechanics, 2018, 39(9): 3130-3138. (in Chinese))

(461 XU/NiH . ¥ b XU AR 20 7 5 SRl 05T S AT 52 (D] 35 &« IR BHE K%, 2011, (LIU Xiaoli. Behavior of
installation and seepage law of offshore skirted suction foundation for offshore wind turbines [D]. Qingdao: Shandong
University of Science and Technology, 2011. (in Chinese))

[47] LID, MA S, ZHANG Y, et al. Experimental studies on differences of penetration between modified suction caisson and regular
suction caisson in clay[,]]. Ships and Offshore Structures, 2021, 16(2): 112-119.

[48] DU J, DING H, ZHANG P, et al. Numerical analysis of soil plug inside suction foundations during suction penetration by
discrete element method[J]. Transactions of Tianjin University, 2006, 12(1): 61-65.

[49] GUOZ, WANG L, YUAN F, et al. Model tests on installation techniques of suction caissons in a soft clay seabed [1]. Applied
Ocean Research, 2012, 34. 116-125.

[50] MEHRAVAR M, HARIRECHE O, FARAMARZI A. Geotechnical performance of suction caisson installation in multi-layered
seabed profiles[ M]. Cham: Springer International Publishing, 2019:467-474.

[51] TJELTA T 1, GUTTORMSEN T R, HERMSTAD J. Large-Scale penetration test at a deepwater site [ C]//Proceedings of the
1986 Offshore Technology Conference(OTC). Houston, Texas: OTC Program Committee, 1986:5103.

[52] SAUE M, AAS P M, ANDERSEN K H, et al. Installation of suction anchors in layered soils[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2017: 1183-1191.

[53] PANAYIDES S, POWELL T A, SCHRODER K. Penetration resistance of suction caissons in layered soils — a case study[C]//
Proceedings of the Society for Underwater Technology, Offshore Site Investigation and Geotechnics (SUT-OSIG). London, UK:
Royal Geographical Society, 2017:562-569.

[54] TRAN M N, RANDOLPH M F, AIREY D W. Study of seepage flow and sand plug loosening in installation of suction caissons
in sand [ C]// Proceedings of the 15th International Offshore and Polar Engineering Conference. California, USA: International
Society of Offshore and Polar Engineers, 2005:516-521.

[55] COTTER O J. The installation of suction caisson foundations for offshore renewable energy structures [D]. Oxford, UK: The
University of Oxford, 2009.

[56] RAGNI R, BIENEN B, O'LOUGHLIN C D, et al. Observations of the effects of a clay layer on suction bucket installation in
sand[J]. Journal of Geotechnical and Geoenvironmental Engineering, 2020, 146(5): 4020020.

[57] RAGNI R, BIENEN B, STANIER S, et al. Observations during suction bucket installation in sand[J]. International Journal of



126 [ R 41 35

Physical Modelling in Geotechnics, 2020, 20(3): 132-149.

[58] STAPELFELDT M, BIENEN B, GRABE J. Influence of Low-Permeability layers on the installation and the response to vertical
cyclic loading of suction caissons| J]. Journal of Geotechnical and Geoenvironmental Engineering, 2021, 147(8) : 4021076.

[59] ZHU F. Suction caisson foundations for offshore wind energy installations in layered soils [D]. Perth, AUS: The University of
Western Australia, 2018.

[60] PARK J, PARK D. Vertical bearing capacity of bucket foundation in sand overlying clay[J]. Ocean Engineering, 2017, 134:
62-76.

(61] TELF, FRA, s, WO R Ul v L2 m B H 8 [0 ). KRR 22 i (A AR 5 TRER D , 2002, 35(4)
439-442. (DING Hongyan, DU Jie, QI Lan. Height of soil-plug calculation in suction anchor[J]. Journal of Tianjin University
(Science and Technology) , 2002, 35(4): 439-442. (in Chinese))

[62] i, Bhele, ME R, B5FTRb b s SL A K- Shamy B S Bt 5E (). TR J1°%, 2010, 27(2) : 193-203. (WANG
Li, LU Xiaobing, SHI Zhongmin. Experimental study on bucket foundations responses in calcareous sand under dynamic load
[Jl. Engineering Mechanics, 2010, 27(2): 193-203. (in Chinese))

[63] 2R 5, BDLYE, sk . 3R =0 ) FEl e 2ok b rh i Bt B BB A i () ). 18R, 2014, 33(6) : 96-102. (LI
Dayong, ZHAI Hanbo, ZHANG Yukun. Numerical analysis on seepage during the installation of the skirted suction caisson in
layered soil[J]. Journal of Ocean Technology, 2021, 2014, 33(6): 96-102. (in Chinese))

[64] MEHRAVAR M, HARIRECHE O, FARAMARZI A. Geotechnical performance of suction caisson installation in multi-layered
seabed profiles: SEG-2018[ M ]. Energy Geotechnics, 2019.

[65] TRAN M N. Installation of suction caissons in dense sand and the influence of silt and cemented layers [D]. Perth, AUS: The
University of Western Australia, 2005.

[66] CHATZIVASILEIOU G I. Installation of suction caissons in layered sand: Assessment of geotechnical aspects[D]. Delft: Delft
University of Technology, 2014.

[67] ANDERSEN K H, JOSTAD H P, DYVIK R. Penetration resistance of offshore skirted foundations and anchors in dense sand
[J]. Journal of Geotechnical & Geoenvironmental Engineering, 2008, 134(1): 106-116.

[68] TRAN M N, RANDOLPH M F, AIREY D W. Installation of suction caissons in sand with silt layers [J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2007, 133(10): 1183-1191.

[69] SENDERS M, RANDOLPH M, GAUDIN C. Theory for the installation of suction caissons in sand overlaid by clay [C]//
Proceedings of the Offshore Site Investigation and Geotechnics: Confronting New Challenges and Sharing Knowledge. London,
UK: The Society for Underwater Technology, 2007 : 7-429.

[70] WATSON P G, SENDERS M, RANDOLPH M, et al. Installation of suction caissons in layered soil [C]//Proceedings of the
International Conference on Physical Modelling in Geotechnics. 2006: 685-692.

[71] COTTER O J H G. Installation of suction caisson foundations into clay over sand [C]//Proceedings of the BGA International
Conference on Foundations. Dundee, Scotland, 2008.

[72] ROMP R H. Installation effects of suction caissons in non-standard soil conditions[D]. Delft: Delft University of Technology,
2013.

(73] PR, ZRabal, Shpadt, 45 YD ep ) BRI O AR - AR ALBAR AT T [T ] Ja £ TRR2A, 2015, 37(4) : 683-
691. (CHEN Fei, LIAN Jijian, MA Yuxiang, et al. Model tests on bucket-soil interaction during installation of bucket
foundation in silt sand[J]. Chinese Journal of Geotechnical Engineering, 2015, 37(4): 683-691. (in Chinese))

[74] ZHANG P, DING H, LE C. Penetration and removal of the mooring dolphin platform with three caisson foundations [J].
Journal of Offshore Mechanics and Arctic Engineering, 2013, 135(4): 41302.

[75] HOULSBY G T, BYRNE B W. Design procedures for installation of suction caissons in clay and other materials [J].
Proceedings of the Institution of Civil Engineers: Geotechnical Engineering, 2005, 158(GE2): 75-82.

[76] LIAN J, FEI C, WANG H. Laboratory tests on soil-skirt interaction and penetration resistance of suction caissons during
installation in sand[J]. Ocean Engineering, 2014, 84: 1-13.

[77] WU Yugi, LI Dayong, YANG Qing. Penetration resistance of skirt-tip with rough base for suction caissons in clay[J]. China
Ocean Engineering, 2020, 6(34): 784-794.

(78] 22K, Skmidh, iy KU, 4. rPoRLED Tl i 0 U U STROARLK IR BT ST [T ). A R TR AR, 2012, 34(12) : 2277-



55139 ERB A i B A ) SRR TE T2 P DU R S 2k 127

2283. (LI Dayong, ZHANG Yukun, GAO Yufeng, et al. Model tests on penetration of suction anchors in medium-coarse sand
[J]. Chinese Journal of Geotechnical Engineering, 2012, 34(12): 2277-2283. (in Chinese))

[79] Z= K5, R, R, 55 . @ LB R E e mE L) ], A 1015, 2017, 38(4): 985-992. (LI Dayong,
WU Yuqi, ZHANG Yukun, et al. Determination of suction range for penetration of suction caissons in sand [JT]. Rock and Soil
Mechanics, 2017, 38(4): 985-992. (in Chinese))

[80] WU Y, LID, ZHANG Y, et al. Determination of maximum penetration depth of suction caissons in sand [J]. KSCE Journal of
Civil Engineering, 2017, 22: 1-8.

[81] Recommended practice for planning, designing and constructing fixed offshore platforms-working stress design: API RP 2A-
WSD[S]. Washington, USA: American Petroleum Institute, 2014.

[82] Foundations, classification notes No. 30. 4[S]. Norway: Det Norske Veritas, 1992.

[83] HOULSBY G T, BYRNE B W. Design procedures for installation of suction caissons in sand [Jl. Proceedings of the Institution
of Civil Engineers: Geotechnical Engineering, 2005, 158(3): 135-144.

[84] FELD T. Suction buckets, a new innovative foundation concept, applied to offshore wind turbines [D]. Aalborg, Denmark:
Aalborg Universitetsforlag, 2001.

[85] SENDERS M, RANDOLPH M F. CPT-Based method for the installation of suction caissons in sand [J]. Journal of
Geotechnical & Geoenvironmental Engineering, 2009, 135(1): 14-25.

[86] SAHOTA B S, WILSON Q. The break-out behaviour of suction anchors embedded in submerged sands [C]//Proceedings of the
Offshore Technology Conference(OTC). Houston, Texas: OTC Program Committee, 1982.

[87] 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 Frontiers in Offshore Geotechnics I1: Proceedings of the 2nd International Symposium
on Frontiers in Offshore Geotechnics. Perth, AUS: Taylor & Francis, 2010:421-426.

[88] KLINKVORT R T, STURM H, ANDERSEN K H. Penetration model for installation of skirted foundations in layered soils[J].
Journal of Geotechnical and Geoenvironmental Engineering, 2019, 145(10) : 4019085.

[89] VILLALOBOS F A, BYRNE B W, HOULSBY G T. Model testing of suction caissons in clay subjected to vertical loading[J].
Applied Ocean Research, 2010, 32(4): 414-424.

[90] ®fi% . W yaliny A FROTEUE AT [D]. K% . K& T. K%, 2013. (HAN Zhichen. Finite elemnt analysis of suction
anchors[ D ]. Dalian: Dalian University of Technology, 2013. (in Chinese))

(91] FEISRE, BMsE, 28, 45 . F Lo EREah 0U% T U0y 2 R 2R s [V ]. KRRl (AR BL 5 TRHOR
B, 2016, 49(10) : 1027-1033. (YAN Shuwang, HUO Zhiliang, CHU Jian, et al. Experiment on penetration resistance and
soil plug development during suction caisson penetration in soft clay [J]. Journal of Tianjin University (Science and
Technology), 2016, 49(10): 1027-1033. (in Chinese))

[92] WESTGATE Z J, TAPPER L, LEHANE B M, et al. Modelling the installation of stiffened caissons in overconsolidated clay
[C]//Proceedings of the ASME 2009 28th International Conference on Ocean, Offshore and Arctic Engineering. Honolulu,
Hawaii, USA: American Society of Mechanical Engineers, 2009:119-126.

(93] WANG Q, ZHOU X, ZHOU M, et al. Inner soil heave of stiffened caisson during installation in soft-over-stiff clay [1].
Computers and Geotechnics, 2021, 138: 104336.



