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Bucket Spudcan Penetration Resistance in Saturated Sand

WU Qu’nan, LIU Run, ZHANG Haiyang, WANG Yufei

(State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University ., Tianjin 300072, China)

Abstract: The accurate prediction of spudcan penetration resistance plays an important role in the safety
of work on Jack-up drilling platforms. In this work, by carrying out small-scale model tests, the influ-
ence of penetration speed on the pile-penetration performance of bucket spudcans in saturated sand was
studied, and a computational formula for calculating the bucket spudcan penetration resistance was devel-
oped based on the bearing capacity of the ground. Subsequently, the penetration process of the bucket
spudcan was simulated by the coupled Eulerian-Lagrangian (CEL) finite element method, and the results
were compared with test results. The investigation results showed that, when the penetration speed of
the spudcan is 0.1~0.3 mm/s in the model test, the penetration process of the bucket spudcan can be re-
garded as a quasi-static process, and the penetration resistance varies little. The penetration resistance of
the bucket spudcan at a certain depth can be calculated accurately by using the Hansen and Vesic formu-
las. The CEL finite element method can simulate the bucket spudcan penetration process exactly, and the
simulation results were in good agreement with the test results when the penetration speed of the spud-
can was 0.1~0.3 mm/s.
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Fig.1 Inverted cone spudcan
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Fig.2 Grain size distribution curve of test soil
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Table 1 Parameters of soil used in tests
thRikE  BRTHEE pdmee DT HEE 0dmin HEy & LB LS R W NEEM
Gy /(g cm™ %) /(g cm™?) /(kN « m~—%) w/% e SR D, S, ¢/kPa o/ ()
2.65 1.86 1.35 20.4 16.56 0.51 0.83 0.85 4.7 37
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Fig.3 The light dynamic penetration test
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Fig.4 Dimension of the bucket spudcan model
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Schematic diagram of model test
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Fig.6 Schematic diagram of bucket spudcan penetration
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Fig.7 Variation curves of penetration resistance of bucket
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Fig.8 Penetration resistance vs. penetration speed
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Table 2 The theoretical calculation results

i WAk oaa g R P S RREAY A 50 45 2R
Terzaghi 2430 Hansen 222, Vesic a3 0.1 mm/s 0.2 mm/s 0.3 mm/s 0.6 mm/s 1 mm/s
/kN /kN /kN /kN /kN /kN /kN /kN
5.34 7.53 7.84 7.22 7.48 7.75 12.58 18.44
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Fig.9 Relative error between experimental results and

theoretical calculation results
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Fig.10  Finite element model
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Fig.11 Finite element simulation results

MK 11 7T LLAE . #F CEL A Rl 4%
ST 0.2 cm/s B K N 20 em/s B 4 B BH
12 25 AR K BB I s (A B L b 1 2 ) A
I AT LA Z2 W, i 780 S Y BN S R AT D R R R
SRR E ST = B 50 cm/s B A A R
J £ W Bk AR R s O T U6 D 25 B A R B AR IS
BB TR 45

B AHIESE 0.2~20 cm/s B G HERH J1 LT
AN TN BE ) R, PR AT R O R — AN B A
RE B A7 A BEL ) i VR O BB A A R R, S
AR IS B AGEE S 0.1~0.3 mm/s B &5 Rt 1T
Fo#, RSk CEL A FRoc ) ny al dE 4 (&l 12)

i & 12 a] U S BUE B 2 5 =R BT A
FEAAE T I A A BE 07 R 0 45 SR W) B AT R AR R 2
T FEIAE 10 20 LA . I HL Bl B R A 0 vh 5T A B 1Y
WS AR R ) 5 BB AR AU G R O i, B
W 1 om J5 L EUEA DT Z 5 5TA R E R 0.1
mm/s PRI 45 R ILF 58 2V & kW] CEL A oo
D5 ¥ ] DL S0 40 7 2 ik ) BT A AR

4 Hig

TF R A AR £ Fp A /S B RO RS O 3 T i
Bt BR AR 2 B CEL A BRIT Ty ik, % i3] 2 A% it

A AEPE REBEAT T, T EAIB T .

TP A7 F/RN
0 2 4 6 8
0 =< T T T —>
05F ‘\‘ ——— FE AL
S — PR
1.0
515} B
Eﬁz 0 \\
Y
@2.5 - T\ 2. %3
30 No.v
1. 0.1 mm/s
35 2.02mm/s
4.0‘; 3.0.3 mm/s

B 12 AMRAEMERFXELE R0
Fig.12 Comparison between finite element simulation

results and test results

(1) e, Y AR BTy 0.1~
0.3 mm/s W}, a7 AR Bk A B A e T A il 1
TR 4 1Y i i 2 g L R A2 T Hansen Al
Vesic R 22 T3 75 1k 7] A5 B 85 0 1 A9 BE
BGEABE S . M BERE ST A KT 0.3 mm/s B,
A P $ AR BEL 7 Bl B A T ) v SR MR L
I A 252 1) 3t 35 R 28 7 23 3O 14385 5 TR TH 3Rk it 14
HABT.

(2) AERERIIR I rr , A Ak BEL 7 Bl AR St 5% A Ja 32
(4 v TG L (R 7E CEL A5 BR T A 0 v, ok e B
R XA AR BEL 7 L P B AT 5 R L O HLRCEL B U 45
5N 0.1~0.3 mm/s B #4538 06 45 SR 42
LR ZETEELE 1026 LA L SEW] CEL A FRIT 77 % 7]
A AR L A e ) o S B RE

(3) 7 fa BUAE #t BT A G B b B BE X AT A AR
A ) B P A P e A A R Al A R A
e A AR P B[R] 18] 1 32 3l DA I BCRAT BE R
) T A4 B A1 g i 2R R et ) A AL TR AT
RSN R

5 % 3L HK (References)

[1] sk B b B 2R 1 5 4 /SR L3 7 280 4 B i / 8l 7K
FAHFHD] KA KHK 2008,
ZHANG Puyang.Study on Mechanism for Spudcan During Pre-
loading and Extracting of Offshore Jack-up Drilling Platform
and Bearing Capacity of Improved Spudcan in Static and Cyc-
ling Loads[ D]. Tianjin: Tianjin University,2008.

[2] CRAIG W H,CHUA K.Deep Penetration of Spudcan Founda-



1190 WO T OB ¥ 2018 £
tions on Sand and Clay[ ] ].Geotechnique,1990,40(4) ;541-556. CHEN Zhongyi. ZHOU Jingxing, WANG Hongjin. Soil Me-

[3] THO K K,LEUNG C F,CHOW Y K,et al. Eulerian Finite- chanics[ M. Beijing : Tsinghua University Press.1994.
element Technique for Analysis of Jack-up Spudcan Penetra- (120 XUMEHE ., ZRdk 2, 47 B0, 55, 98 v oX 1 B S Bl % 1) 7R 3R 1 F 52
tion[ J . International Journal of Geomechanics,2012,12(1): [J).A+ T4 ,2015,37(2) : 379-384.

64-73. LIU Meimei, LIAN Jijian, YANG Min, et al. Vertical Bearing

[4] CASSIDY M J,BYRNE B W,RANDOLPH M F.A Compari- Capacity of Wide-shallow Bucket Foundation [ J]. Chinese
son of the Combined Load Behaviour of Spudcan and Caisson Journal of Geotechnical Engineering,2015,37(2) :379-384.
Foundations on Soft Normally Consolidated Clay[]].Geotech- [13]  HHER. L POk T W 25 R bt ik LAl 53 A3 A2 Eulerian-La-
nique,2004,54(2) :91-106. grangian f & A PRICIE BT ] Tolk # 57, 2013, 43 (12) ¢

[5] skl FH. T 20808 1 A T 67 6 7 B 20T R 2801 104-108.

LI A 5 & ,2011,38(2) : 237-242. ZHENG Jing, FAN Qinglai, WANG Zhongtao. Penetration
ZHANG Puyang, DING Hongyan. Bearing Capacity of the Process Simulation of Spudcan Foundation by CEL[]J].Indus-
Bucket Spudcan Foundation for Offshore Jack-up Drilling Plat- trial Construction,2013,43(12):104-108.
forms[ ] ]. Petroleum Exploration and Development, 2011, 38 [14] [EERE RS Dok L 58 0 b XU LA f B0 L ml T4 SR
(2):237-242. BB ] 4 £ 1% ,2013,34(7) :2036-2042.

[6] HOSSAIN M S,HU Y,EKAPUTRA D.Skirted Foundation to YAN Shuwang, HUO Zhiliang, SUN Liqgiang, et al. Study of
Mitigate Spudcan Punch-through on Sand-over-clay [ ] ]. Working Mechanism and Bearing Capacity Behavior of Bucket
Géotechnique,2014,64(4) :333-340. Foundation for Offshore Wing Turbine[ J].Rock and Soil Me-

(7] EEB WM, E AR R A B I L 0 2R 0 3 m B 3K A ik chanics,2013,34(7) ;2036-2042.

W5 [ ]k SCH 5 T&i&ﬁ 2006,33(6) :48-51. (157 Al RABAROK B A5 B — 2 6 J0 FE 3 3 + B IR B U
WANG Yusuo, CHEN Weitao, WANG Mingnian. Test Re- DA EG AT BROC A Mr (). 3 7 T2, 2012, 31(4) : 20-28.

search for Influencing Factors of the Cohesive Strength of Sand WANG Nan, WU Jianzheng, XU Yongchen, et al. Failure
Soil Tunnel Surrounding Rock[J]. Hydrogeology & Engineer- Mode of Foundation Soils and Finite Element Limit Analysis
ing Geology,2006,33(6) :48-51. of Penetration Depth for Jack-up Rig Footing Penetration on

(8] ATmk. B Fb- =4l I Ak it AR 2 e I W JE [ D] R e RE R Single Stratum[ ] ].Coastal Engineering.2012,31(4):20-28.
2008. [16]  SBAARG , X0uE L Bt IR B, A5 A A ok A2 X i 0 5 Ak 5L Al A1) 52 )
FU Lina.Research on Bearing Capacity of Spud Foundation for WFFREL) ] HbRE TR 240, 2015,37(2) 1 446-452.

Jack-up Self-elevating Drilling Platform[ D]. Tianjin: Tianjin U- GUO Shaozeng, LIU Run, HONG Zhaohui, et al.Influence of
niversity,2008. Spudcan Penetration on Pile Foundation near a Platform[]].

(9] BB ERE AT A T+ 2Cb 385 I F & 76 bR B 09 i & China Earthquake Engineering Journal,2015,37(2) :446-452.

FLI] hEE IR TR, 1998, 10(4) £ 20-24. (171 [ELSHHE 8 050, 4 - TR R U0 BT A B A 480 0 2 F 5 30 g
DUAN Zhongyi, WANG Jiaxiang. Analysis of Calculating (1] 12 55088 ,2016,38(3) : 237-249.
Method of the Plug-in Depth of Pile-based Drilling Platform YAN Shuwang, HUO Zhiliang. Advance in Numerical Simula-
[J].China Offshore Oil and Gas (Engineering).1998,10(4) tion Methods for Penetration in Geotechnical Engineering[ J].
20-24. Mechanics in Engineering,2016,38(3) :237-249.

[10] SNAME. Guidelines for Site Specific Assessment of Mobile (187 JH e, X0V SP 23  , 45 Bk B 3% 22 B A 5ok AR 1Y B S AR L 7 B BF

Jack-up Units[ S]. New Jersey: Society of Naval Architects SELT R TR 244 ,2015,37(2) : 460-466.

and Marine Engineers,2002. ZHOU Long, LIU Run, GUO Shaozeng, et al. A Dynamic
(110 BRppm, B2, Ee. £ ML AEET . 3 4 R Rt Simulation Method for Continuous Spudcan Penetration[ ] ].

1994. China Earthquake Engineering Journal,2015,37(2) :460-466.



