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Analysis of horizontal cyclic bearing characteristics of tripod bucket foundations in soft clay

Tang Penghui, Wang Kunpeng, Cui Chunyi, Liu Hailong
(College of Transportation Engineering, Dalian Maritime University)

Abstract: Based on the HSS constitutive model, a three-dimensional finite element model of a tripod bucket foundation in a soft clay
seabed was established; the bearing characteristics of the tripod bucket foundation under horizontal cyclic loading were analyzed, and a
multi-parameter sensitivity analysis on the accumulated deformation of the foundation was conducted using the range analysis method.
The results indicate that during cyclic loading, the axial force transmitted to the top of the buckets via the tripod frame contributes the
most to resisting the external total overturning moment. Under the serviceability limit state, the foundation stiffness degrades to 96. 3%
of its initial value, and the vertical displacement difference between the front and rear buckets is relatively small, resulting in a slow
growth rate of the accumulated rotation angle. Under the fatigue limit state, the foundation stiffness degrades to 86. 5% of its initial
value; the vertical displacement difference between the front and rear buckets increases correspondingly, and the accumulated rotation
angle continuously increases with the number of cycles. As the spacing between the foundation buckets increases, the rotation center
becomes deeper, and the foundation tends to exhibit a translational movement. The accumulated deformation of the foundation is highly
sensitive to the loading frequency and bucket spacing, followed by the initial shear modulus of the soil and the aspect ratio of the
buckets, while it is least sensitive to the threshold shear strain of the soil.

Key words: tripod bucket foundation; soft clay; cyclic loading; bearing characteristic; HSS constitutive model
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Fig.1 Finite element model of tripod bucket foundation (unit: m)
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Table 1 Constitutive model parameters of HS and HSS for clay '*"

BB c'/kPa o'/(°) ¢/(°) R, P/kPa  E . /MPa Es /MPa E, /MPa v, Ky m  Go./MPa vy,
HS 2.8 21.4 0 0.9 100 0.82 1.02 15.12 0.2 0. 64 1
HSS 2.8 21.4 0 0.9 100 0.82 1.02 15.12 0.2 0.64 1 42 1x107*
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Fig.2 Validation results of finite element model

2 AEEENSMH 30007

SRR SR IR T PR s T 81,2548
FhZemn & 3 fras, Hom#os EE WA 4, FIFHUTZ A0 52 Z ool |
B R TR BURA) . 3 R R T S b
LI il K - IR 7R 4 3 R 2548 kN, B 2K {8 M wol/ | e
181 mm 4R ZHL T LA BRAR 2091 1301 KN, 200 32 /& . |
TRA 519% , FLARRUBLREAL N 47 mm , 418 T 8402 FE T3, 0 oo 200 300
SERIE I SE RO TR R AE S 529 A DHHC 0 91 2 Y KT e
AU SE e B 22 72U A RAE R AN o 204 *ﬁﬁo Fig.3 Horizontal load-displacement curves under

B XBLER G PR N8 L0 T 322240 T 5] i monotonic loading

PRZ A RAS 00 g R TR T A Ry 5% B 20, I 5 SO T i 40 5 008 R 8 I L ¢, 0T A i 288
XEFRLE £, , 20 ) 2 EATE By 280 1) i R/ N DR AR <
&y = Fu/F o (2)
{0 =F i/ Fo (3)



4 VIMGHE 2 Bt rp — AR S A KPR PR AR R S 55

K F, AR BRI BT S F F L 3 AR 4 oA ey el e R (B S e/ IMEL,. 25 £, =0 I g B ) i
#,4, <0 MR m N, MEHSECE LK 5 Fios A3, W0, RoRsE s indd; ¢, 1 0.3.0. 5, 7351
iR RBLIZ AT I Y T8 (s TR BRAR 25 (SLS ) R 555 FRARZS (FLS) L IBFF I 10 s, RGBS AL g
T RBLIE I RLIE DNV-0S-J101 Design of Offshore Wind Turbine Structure , 1% 157 T 8% b JE 301 M XUR fof 2804 FH
TFHSEFI AT, SRR B E R 100 YR, BERE 785025 FEAE A for 28380 A5 IR

ZJE

05 0 -05 &=-1.0

&=1.00

(a) HARSZHL

ZA

(b) FAfZIE

4 IR
Fig.4 Loading conditions

(a) =05

0.75
0.50
il
t
(b) &=0

5 BERSEHIENX

Fig.5 Definition of cyclic parameters
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Fig. 6 Horizontal load-displacement response
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Fig.7 Sharing ratios of internal force components
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