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Centrifugal model tests on mechanism of spudcan penetration of jack-up
drilling platform in egg-shell layered soil
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Abstract: A jack-up drilling rig is a type of mobile platform which is commonly used in offshore engineering. Spudcan
installation in stiff clay overlying soft clay is subjected to potential penetration through hazard. Penetration failure occurs when
the applied load exceeds the maximum bearing resistance of the layered soil causing the spudcan to plunge into the underlying
clay. In the South China Sea, the layered soil called “egg shell” or “sandwich layered soil” which is composed of thick soft-thin
stiff-thick soft clay can be found. The methods for calculating penetration often used today are difficult to make right prediction
for this layered soil in practice. To provide a better understanding of the spudcan bearing resistance in “egg shell” soil,
centrifugal model tests are undertaken to investigate the development of the bearing failure mechanism and bearing
resistance-depth profile. At the same time, the finite element method is also used to study the mechanism of penetration in the
layered soil. The centrifuge tests show that the failure mechanism is governed mainly by the undrained shear strength ratio
between the two layers. When the ratio of the undrained shear strength of soft clay to that of stiff clay is around 0.5 , the
spudcan resistance-depth profile has two peak points; when the ratio is about 0.2 , the spudcan resistance-depth profile is the
same as that provided by the other researchers. The FEM analysis shows that under different undrained shear strength ratios, the
plastic zones around spudcan expand in different ways. When jack-up drilling rigs are preloaded in “egg shell” layered soil,

different bearing failure mechanisms should be considered

properly to prevent platform from penetration through failure. BOWE (855 EMIFOE R (973 74D (2014CB046800);
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Fig. 1 Penetration of spundcan of jack-up drilling platform
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Fig. 2 Mechanism of penetration
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Table 1 Technical indexes of centrifuge
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Table 2 Physical mechanics of soils
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Fig. 7 Distribution of soil particle size
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Table 3 Schemes of model tests

AT R W AHKERE 2R
5o eyt 2 tb/kPa /em
o A fb 3 B
1 Tohiize JZ 0 S,=20+0.1h H=30
' R S/Sw=0.5  H=10, H,=2,
2 AR i Subt/sum=o.51 H=18
' R S/Swm=0.5  H=12, H,=4,
30 R i Subt/Sum=O.6O H=14
i A S /Sum=0.23  H=10, Hy=2
Sr_ THH__ ut/ Pum . 1 s L17 s
4 BRI T ge 05s H=18
i e S/Sum=0.21  H=10, H=4
A = A ut/ Pum . 1 s £17 s
5oOBTETR T e 038 H=16
' A S/Sum=0.55  H=10, H,=2
6 Ekiﬁiiﬁk | ut/ Oum . 1 s £17 s
b} Sun/Sum=0.59 H=18

Vi Sy BREEAHKIREE: Sun BORIERIAKHEE: Sip FI2E
RHERHRIE, Hy L2 LI Hy BRIZ R Hy T2 )7

2 MEERESH

FEREFBR R 250 223 T 3 A 1 I AR I A A
3 ANfUIAR RS, BT, = A R L
B, W 9. B9 ikl 1 = AME AR R4,
Ko NHEENL, BRREMRES IR
YEstile IIEL 9 (b) F AL BE R AR AL T A
2, ALERIRANE T em 47— R4, ERIX— PR E
LA PIIT T EB 3R : OF b fUR 7 A — s B
oW @FE 0~4 em A ATAEBLI FOIETR A&
SURMPIRE, TUUREERR, ] Re SR LA g5 R
.

+FESi/kPa FLEE/kPa
0 200 400 600 800 0 200 400 600 800
2 H ——+E1
—a— 12
4r —— 3
6 L
£ 8
% 10}
12 +
14+
16
18 +
20 -
(a) £FHA (b) FLE

9 REALKE | MRERIKIELER
Fig. 9 Results of model test 1
B 10 2 4 BR—RE—H 12 R A 21
B A BB A 2. ATRLE 2], il TAE
JEIAFAE, BEFAE 282 (R IR AR AT AN TR E 11
TR, AETINGERE R B B (K AR 1R
U AN o AR BhERIORF A, 4 MR AT By



53 I

55Ok EATHETIEE G RN LRI ST 483

HAL. E10 (@) (b) A Su/Sum=0.5~0.55 K& L,
JLABA T BEIR T o AT I T PN L4 05, RIAE
22 b 1~2 em A4 A LB 3 & X 81 17
o XK 10 (o) (d), Su/Sum=0.21~0.23 K1
B, WA RN FoR AL, Hogr il i S AR

(R LA o
L JE f/kPa
0 400 800

1200

+E S /kPa
0 200 400 600 800

—
o
T

B /cm
vy

20

25t

(a) K2 (b) RH3
L A/kPa L FEHf/kPa
0 200 400 600 800 0 200 400 600 800
5t el
g § 107
i 10 ﬁ
S X 15¢
15+ i
20t 25t
(c) %4 (d) RS

10 K36 2~5 WL AREN D HREIRIEER
Fig. 10 Distribution of soil resistance along penetration depth of
tests 2~5

TR Su/Sum=0.5~0.55 H L IRF NG 00 A 1 —
AT, BAT TGRS & 11 AR
T A P 2 P PG LA SR DL 7 AR . (PIV) £
A Py BEAT AL B 5 45 21 A BE A A R o L AkIE E)
I ) o

JCrR B 11 Cad DAk e D 2 f 1) = A P15 2L
Pl R e 8 3 s SR T AE RO . A T W T e )
TINHE, 72K 10 Ca) FPbRi T ik B ST .

() HEREAE

b AKX

(¢) BE

(@ CR

(e) DX

) EX

1 FERNRIG R
Fig. 11 Results of half model tests

Bl 11 (b) SHBESITAR TIARILR 10 (a) PR
A RN AR . WA AE S, i
ARy, AR AR R, SUNIN S LA
FEROR: BEE BINRBEMHE N, 420k B fi (K
11 (e, MHETFRERL, MHOR A LU S, B
WRCEA T WA, AR R 5 LT
AT W A FEAR e RS itin far 2, 2 C /i (1
11 (d)), AR RIE S A 5 Z BT bR A T —
SE IR AL, BEHES J7 55 5 2 22 TR AR R 8 P 308
MM Z BB O, (S0 11 Ce) R
FITEAGJZ I AR SO s BEHEARZE I RIIE D sid (18
11 Ce)), BB BEHE O 22 BIAME e E, iR PTHE
A B R AR, KR — A BOR
IR, B2 TERHEER R, 2E E A (K 11
(£)), Mt SRR RS, LN R 5

WA ok i‘ji R I T 5 3 O
WL FIARPRERIG L R AT LLE D], M Su/Sun=0.5~
0.55 I, Mk BTN DR i e 81 1) - BH D A7 AE P e



484 a5 oE L OB ¥

2015 4F

(i, MR e B ZZ 11 1~2 em
b, S AN AU B RARE R I, HASKRER
S VAR IR R/ T DA 155 AR ) 80%~90%

IR BT U R I oA S U, bR
Bt RN, AN A 2 0t T e BN F
SINIERE . WP RT RO, BV ERCR, A
FIUHE TN U AS 20 P 3t A, A A 2 o 2 — W i )
REELIE BN R R R, ARG DU RS, 2R
DLGAT AT RESR R A, WA Ui AE IS AT BIR A2 P
FEAT B R e, IR i Eh AT 9 O i) ik
EH R R T B R W R 2010
BN, HAEH A 5 RS B, XA L 7
AR AT EOWF RIS KA, BIEILBOA BIAAE
JEI, BRAE— HURR N 2R, AR SRR
N G B e S R

AT R BB I R AT R, R
ABUQUS Kt T BE# ) BT, W3R —i—# 1 )2
BESE A 2 RUMLEE AT 73— 2D 47

3 BRITHAH

SXoF T A B BT N B, AR AR AR K,
o 4 IR Ok AR AR T 27 S 3t B R TS AR 8. Ay
T e HE AP IR S BTN R, SRIT CEL vEX bt 5
NBHT THRITIH 5

CEL Jji}j& ABAQUS it [ #7540 T 1) S b4
A e BT WK P AR B R (P
I FH 3K 147 5y (%) Abaqus/Explicit 18 F 2 fil 550485 47
{14 A R TAE AR 1] A 55 ) ) ik vl A, 45 280 &85 AL MR 114
3 g 3 A i 20 AR YA IR GV BRCR A T IR
S IR B NBEAT TR

TEA BROCVHE , TAAR ] = 4R BR P AR AT R,
HooE A EC3DSR, L&~k 80 cmX60
emX 30 em SRR ARG RS R, RERAKZ
JEREE 10 cm, THZE)5EE 2 cm, FEPK)ZE 18 cm. 1F
BB RE b, AR AR #E 1 A Tt iz /T L R AR
B, HRIFEARR, DR Mo o N, BBk
HRST A 5 RREG A #OB AR AR, LI 12,

AR AR, B, DR B A
SRR, BT LA R RO B X R DY 43 2 -k
FTRERL . AT IR K1) 43 s 308 5 AT (K B R E T
TREEW T AT B o B RSy BN DXk T A
DRIz A B X o A X LA S2 AR, A Kl
OIMAE s TR A2 S AR TN, R R A R
BT [y K o o an P 12

H T L SR RRR AR, %ok bt R 5 R AT

FELITA o A5 B 3L FE K (RN LR, AEKF
AN BRI YT, IR B R RO S .
TRAK KRR M-C, FEIHSHIE 4,

E 12 BRTM &K 5
Fig. 12 Element mesh of FEM
x4 BRTHESH
Table 4 Soil parameters in FEM
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