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Experimental Study on Horizontal Bearing

Characteristics of Tripod—bucket Foundation in Sand
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Abstract: Based on a series of small —scale model tests,the bearing characteristics of suction tripod —bucket
foundation under horizontal loads are studied, and the effects of the length diameter ratio,load direction and spacing
of suction caisson are investigated. The test parameters include three different aspect ratios (length/diameter),three
load directions and three caisson spacing conditions. According to the test results,the characteristics of the load—dis—
placement curve for the tripod —bucket foundation under various working conditions are different. Under the same
caisson weight and different spacing conditions,increasing the aspect ratio is beneficial to improve the horizontal

bearing capacity. However, before the foundation loses stability, the caisson with a larger aspect ratio results in greater
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horizontal displacement. The change of load direction has a significant influence on the joint working area of the suc—

tion tripod—bucket foundation. When the load direction is O degree, the corresponding joint working effect area is the

largest , which provides the most benefit to the horizontal bearing capacity of the foundation. On the other hand, when

the load direction is 60 degrees,the joint working effect between the caisson and soil is the weakest, resulting in the

smallest horizontal bearing capacity. Under the same size and load direction conditions, with the increase of caisson

spacing ,the bearing capacity increases in different degrees. And the larger the ratio of length to diameter is,the more

obvious the increase of bearing capacity is.

Key words: triple—bucket foundation ; model test; sandy soil ; horizontal bearing capacity
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Tab.1 Test programs
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1 102 164.7 1.61 3.0 0
2 102 164.7 1.61 3.0 30
3 102 164.7 1.61 3.0 60
4 102 164.7 1.61 25 0
5 102 164.7 1.61 2.0 0
6 120 134.0 1.12 3.0 0
7 120 134.0 1.12 3.0 30
8 120 134.0 1.12 3.0 60
9 120 134.0 1.12 25 0
10 120 134.0 1.12 2.0 0
11 133 112.6 0.85 3.0 0
12 133 112.6 0.85 25 0
13 133 112.6 0.85 2.0 0
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Fig.2 Schematic diagram of single caisson model

360 mm

B3 AR rEl
Fig.3 Schematic diagram of tripod—bucket foundation

A S5 A8 X R AP 5 r 28014 T 1) A5 2 4E 0°
2 60°EFE T T, QA 4 PR,

AH A FT Ze B, RT3 X6 I ) i S 4
HRE TR/, XA SO/ H RS R 47
AR WO )2 E = R AN R T ]
BT 58 AT AT A3t v, ol 5 T 5 O T 51 £
FEREBEA 24 b J5 , 303 - BN B K - fer 2K, far
R ZE BT 171009, QK 5 Fros , K fak



oM

A2 A D b P S A R K AR IR W7 23

TR RERS I ERA RN R A T, g AR, i
T 7E T DA 15 B 5 AT SRR A T S I A5 R 7K o7
%, BAR RS B E W E 5 .

A4 Bz asER

Fig.4 Schematic diagram of load direction

L LVDT o
(V220

S E]

T 500 mm

L aE

A5 BARBTEA
Fig.5 Schematic diagram of model test

2 HEERS

RO T 3= Al KPR BR AR 3T
170 %5 £ VR 191727 N A S L VAR E 2
AEAAFTEAE R, i T =R Al H A A B,
B = A 5% = T AR A IR BR . V3 XS H AR A Y
— SO BROR BN BB E DA T T RS, AT
8 7 3 = R St P R R T I 32 20753k i
A Ao A~ A% R A A5 B4 R R ) Al 7Y 7K 3
JIREATHIE AR EAT B 5 A 00l 2 s A
(ELMRFIE R, X3 B 493 05 00 il 2R T DD 2 A

2.1 KEFEEXTARE %0

TR 2H A [ 7 [A]#E.(S/D = 2.0 #11 S/D = 3.0)7E
AT AE A T, AHF AR e XK SE &
Iz, B 6 4y algh th T AR E AR =R

SEAAETR L TR S/D = 2.0 F1 S/D = 3.0 1E 0977 24k
FA5 ) T00 R B fr g~ R 6. i &1 6 (a) IT AT, 24
AR AN 2 (RTG53 AR TR, ARTRIR
T BAFRT X 4 A = 7 S S AR K SR 28 T BB I A
FHE  KAR I LD = 1.61 BYREERlK R 2 ok,
L/D = 1.12 T Al KA E IR Z L LID = 0.85 i} 5
i N 2= Wy 7B 4 i s 2 I ] o1 S A
mHZE AL, BB 6(b) AT, 2 S = 2D B AR 45i8 1 S =
3D FAR—E.

450

w A
(=)

(=)

T

=360 mm)

B b

=
Y
wn
S

T

S/D=3.0,6=0°
—&—[/D=1.61

—0o—L/D=1.12
——L/D=0.85

TKFAAT 4% HIN gk
g
T

-2 0 2 4 6 8 10 12 14
KPR w/mm
(a)S/D=3.0

=360 mm)
) )
(=) W
(=) (=)
T T

I
=
T

S/D=2.0,6=0°
—&—[/D=1.61
—0—L/D=1.12
——L/D=0.85

wn
[=]
T

IKAETT 8 HINCIna & )3 b
(=]
(=]

(=]

0.2 46.8‘10.12‘14
K% w/mm
(b)S/D=2.0
B 6 RE)SID A2 LID =18 a7 B ~ALA5 i 2%
Fig.6 Load-displacement curves with different S/D and L/D

B 74 TAFEMEEES T, =Rk
A R AR S RAZ L Z R, BT LA
PRMTEIHE S/D = 2.0 B 3 A KAZ R B9 FERE KK
NI (E S0 S/D = 3.0 B, £ KA T
7K ARz A 2245 R W . X2 P T 24 1 TR B A
JINBSF A 22 ) )RR L e B g, — FRT SRR AR
SRMFRERRE, W5 T RS LA AR K
SRR T A X — B G nT IAAHTR] T 00 T A FRITHL
PIEER(E 8) ik —LUE1T I BH. NI 8 Wi LI



24 i aPNE = QBN =)

TE[H SID = 3.0 5, KAZW L/D = 1.61 19 =4
R Z [ AR I o 2, KA LRIV
A FA(L/D = 1.12 F1 L/D = 0.85), S SR 137 8] FEAH
XHE S/D AHAF, (Hi T R4 E 5 L/D =
161 R, a2 AR SEma /N, 1 [a) R A K, —
T S 2 AL I 25 A AT Z [ IE R ek 55, AH B 2/
/N, HTARRERF = A S IER , It
KPR BR AR 28 ) T2 K AR LRy sg ), KA Lk
DR e AU B8 B 7 8, Hidkc e B, AR K
() LID = 1.61 B =& 3Lt KR 30 B 58,

400
g 380
= : S/D=2.0,6=0°
= 360 m L/D=161
r *
= L v LID=1.12
E 3401 o L/D=0.85
=320 $/D=3.0,6=0°
PN [ L/D=1.61
g 00T * L/D=1.12
= 280 - ® 1/D=0.85
f;?; I ¥
= 260 |
< L o
240
1 1 1
2 3 4

fAi IRl S/D
B 7 RPEFARBAMKZILGGTNLELZ

Fig.7 The relationship between the horizontal

bearing capacity and length diameter ratios
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Fig.17 Integral deformation nephogram

e KAE=1.734 em(HJT 2 757 7E719 55, 23 601)

e KAE=0.757 9 em(FIT 2 876 7E 1755, 28 031)

B 18 = A R LA

Fig.18 Displacement diagram of compressed cylinde
3 & i

S BRI HEFE T b iy = A
FERII KRB, S5

1) = fa] BEb 22 K fp 28/ F S, Ak 2 A X
BN IR, B PR VSl s 3,
KAR ORISR S T, KA B/
PSS I, (B AR AR AR B
R, = (R B ARG M e sl b DAL T 32
fa] PPN R, IRAR EEU DN, e sl o DA TR BE D7 1)
AL BB py TR Sl R O AR R R IN  32 s AT L
PRASTE fe W, e (B S R oAt X AR 7K



LSRR U S AL A N B2 T O 2 S i R R Ul 29

A, Hefih PRl SR — R AR e 8l e s LB
LRI AN IX Sl X A AR BEA T R
SEAARIN, R, YA R AR, AERE S X — 227
FEARR B VAR TE 52 1 A - A b , T2 it
RRER DX, 1 5 ) ] — 2 0 i T B8 B X i B it SR A
F18 32 s PR R Tl X e g R A A

2)KEATEAE R, M EERHAR LB N TR %
BN e M AR A 5 £ (AR BRI, S
RN R 2 R R I AL RS 8 k. X Se
A E A = R IR IS A
e - 7 (B8, A 2 116 = 24 Has ),
7 PR A5 A ey JEE B T AR A = 2t K 7R 2
JIH) D).

3)VMHIF R E AR AF T, AR HE R/ = fa BE Al K
RIS, B A R T BE AR A1 B
B, RAR X — s S

4) [F]—fay RIS , Ay 2 A 7 160 X0 Ty =1
LR KSR B35 e S 2 A B AT R D5 1) R 00, )t
RF X I AR IR A5 A AN X SR A5 e AN I 1) A
60° , IS i8] — - ] AR IB 75 A %00 5.

5) AR RS A s 07 1) 25 PF 1, B 15 ] LAY
B, ARG FRREE AR T, RAR HOBOR, 7R3
J7HE B A 5 AR F/ N, AR B B A B
PRI R TIP3
TEfH.

S 3Lk

(1] SRk W ) AR B R R BT R T D ] K% - R 2
ToR2%,2007:13—14.
WU K. A study on bearing capacity behavior of suction bucket foun—
dation in beach—shallow sea[ D ]. Dalian: Dalian University of Tech—
nology,2007: 13—14. (In Chinese )

(2] BRI AP far 280 AR 200t 5 PP A Rt VR B R i 2k
PEREBITFE[D ). K%  KIE LT K2, 2009: 15—16.
SUN X Y. A study on working mechanism and bearing capacity per—
formance of bucket foundation in soft ground under lateral loads
[D]. Dalian:Dalian University of Technology,2009:15—16. (In
Chinese )

[3] BRANSBY M F,RANDOLPH M F. Combined loading of skirted
foundations[ J ]. Géotechnique , 1998,48(5) : 637—655.

[4] WAKIL A Z. Horizontal capacity of skirted circular shallow footings
on sand [J]. Alexandria Engineering Journal,2010,49 (4):379—
385.

[5] KIM D J,CHOO Y W,KIM J H,et al. Investigation of monotonic

and cyclic behavior of tripod suction bucket foundations for offshore

wind towers using centrifuge modeling [J . Journal of Geotechnical
and Geoenvironmental Engineering,2014,140(5) : 1—12.

(6] K5t A+ i 7 3 & = FE Al BT R AR B P 5T

[D ] A5 RJFHE TR, 2018:49—70.
ZHANG W. Resistance capacity and deformation behavior of suction
tripod piles in saturated sand under inclined pulling load [D].
Taiyuan : Taiyuan University of Technology,2018:49—70. (In Chi—
nese)

(7] XU, FrAE, 540, 45, SRR FE Rl B K P 7R 27w
FE[]. L TRRAR,2000,22(6) :691—695.

LIU Z W,WANG ] H,QIN C R,et al. Research on the horizontal
bearing capacity of bucket foundations [J]. Chinese Journal of
Geotechnical Engineering,2000,22(6):691—695. (In Chinese )

[8] BANG S,JONES K D,KIM K O, et al. Inclined loading capacity of
suction piles in sand [J]. Ocean Engineering,2011,38(7):915—
924.

(9] vk, mEwg, v U, 45, 0 v oy =R Al 1 de R 2k

Nt (1] AmR%F%Mm (A AR ,2012,42(6):
1201—1205.
LI B,GAO Y F,SHA C M, et al. Calculation method for maximum
bearing capacity of suction caisson foundation in sand[ J . Journal of
Southeast University (Natural Science Edition),2012,42 (6):
1201—1205. (In Chinese )

[10] 2ok, 50, v R, 55 Bb + iy I AR BEmE 14 fee H: r 8 1
H s BRI BT 5T (). 4 J1°%,2013,34(9):2521—
2526.

LI B,ZHENG X,GAO Y F,et al. Model tests on optimal load at—
tachment point of suction caisson foundation in sands[ J]. Rock and
Soil Mechanics,2013,34(9):2521—2526. (In Chinese )

[11] GOURVENEC S. Effect of embedment on the undrained capacity of
shallow foundations under general loading [J]. Géotechnique,
2008,58(3):177—185.

[12] A3, 852, 52 e, 55, Wy SCHUR BERlH /K A7 3 A
P T RBAFER I TEL) ], W TR, 2018,36(3) : 26—32.
ZHU W B,DAI G L,YUAN L J,et al. Experimental study on the
long—term horizontal bearing characteristics of suction caisson foun—
dation[J ]. The Ocean Engineering,2018,36(3):26—32. (In Chi-
nese)

[13] Z2uK S, & Fg 55 10 1 P oy sCUTAR SEmE BTk R 2R Tk
KB BT 1], & b TR, 2013,35(5) : 902—907.

LI B,ZHENG X,GAO Y F,et al. Model tests on pull-out capacity of
suction caisson foundation in sand[ J]. Chinese Journal of Geotech—
nical Engineering, 2013, 35(5):902—907. (In Chinese )

[14] JONES K D,BANG S,CHO Y. Pullout capacity of embedded suc—
tion anchors in sand[J ]. Ocean Engineering,2007,34(16):2107—
2114.

[15] CHEW W,RANDOLPH M F. Radial stress changes around caissons
installed in clay by jacking and by suction[ C ]/ Proceedings of 14th
International Offshore and Polar Engineering Conference. Toulon,
France : ISOPE, 2004 : 493—499.

[16] 3 O LARPEHEMAG : JTS 167-4—2012[S]. b5t : A RS H A
#t,2012:78—79.

Code for pile foundation of harbor engineering:JTS 167 -4—2012
[S]. Beijing: China Communications Press,2012:78—79. (In Chi-

nese)



