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Analysis of penetration and punch-through failure of
square spudcan in two-layered clays
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Abstract: Based on three-dimensional large deformation finite element method utilizing coupled Eulerian-
Lagrangian algorithm, the penetration responses of square spudcan in strong over soft clays were
numerically simulated. The effects on the penetration resistance curve were studied of the strength ratio of
the bottom clay layer to the top clay layer, the relative thickness of the top layer, the unit weight of soil,
and the coefficient of earth pressure at rest. The soil deformation mechanism of punch-through failure
during penetration was investigated. The results show that the strength ratio of the bottom clay layer to
the top clay layer and the relative thickness of the top layer significantly affects the penetration resistance of
square spudcan footings. The peak bearing capacity factor of square spudcan decreases somewhat with the
decrease of the coefficient of earth pressure at rest. The penetration resistance curve does not obey the
available equation proposed by other authors due to the possible difference of unit weight of the top layer

and the bottom layer. The square spudcan footings experience punch-through failure when the proposed
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dimensional parameter in terms of footing width, the unit weight and undrained strength of upper soil is

less than a critical value in the condition that the thickness of upper clay layer is defined and the difference

of unit weight of the layers is not appreciable.

Keywords: square spudcan; penetration resistance; punch-through failure; clay; large deformation analyses
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penetration in double-layered clay

1 ARTEE

F T B A 5 0] R A % R o BT Ot 326 RO Bt 5
ARG RS 1/4 g7 =4k CEL A IRTH A, XF
T b L A AR B AR X3 R FH S Y A 45 8 R 43 Eulerian
BATTHEAT B B AR BER T BS BNIAK Lagrangian BT
B, JEREGEER B = 5 m, T k0 BN 1)
SENA b RS A T AR DR R B N R R 43 B MU 5B R
6B, TEA7 R T A B 1 IS T 3 S 2 oK Ja) K P Ja)
H HRE S A0 T 32 5 b 29 HOK 1) H R AT
AR R DI B A . Qi SN A TS R 40 BT
TA Sy A i 3R T ' e MR X T A5 2 Y BT ACRE ) it
LR AN TR o AR SCAR S B il 3 1T DG L B Al S
by A A 22 ] (Y ST B T eR B R )T
fil B AL L = (D R

F, = k,d, @))



64 + K # %

5 IR B T 4%

% 40 A

A F, g BT b 6 R 2 R il T 5 &, oA 5 N
B, H{H 5 Lagrangian fl Eulerian 4} & # B £t H
Kod, WEFEARE ., XFE L R Eulerian 4y i 5
A Lagrangian X3/ & U B, NI, S 40 3 285 422 fik
T kA% A2 AT LD UE 7E PRDUE A% 50 R 5878 1 0k
S AR TR R, X R T 4R il B O AE
Lagrangian Fil Eulerian B J5 22 [A] A Jifii fill 422 fih 29 o2,
Lagrangian B0 0] DAZEARK T A B () Eulerian 4%
WHHIZEE).
XTANH KSR - 5, RHET
Tresca Ji i D) (%) 30 AR50 98 4 A #4450 28U L Y A Lh R

N 0v=0.49. B E=500s, .5, A& £ AHAKDL
BYSEJE . BRI A OLR S AEAR SO, B2

TR s, =100 kPa {47 A48, 38 i B2 R 2 1o
BE s R LA R A 208 B L s,/ suo

A S B A 38 3 A W BT b it i R g%
PR S K Wk B el 5 A 2 v T A 3
MR T STEABWEZRIA R, £ TR D, b
PEAHR— A 2 m/h (9, HEAR L E—4
WF S 12847 M. ifE ABAQUS w1, CEL A BR ot
R T 3Tt 28 43 fE N i b Bl ) AE gk R
B B ) 25 K R B IR e PR R o oe RSF RS 1
MR, BTLL ETEA TR S TR
S5 Br A ] B 5T A 8 T B0 5 I TR] i TS /]
F2iZ o R BTN R UG O (0 B AR AL 2
R E I A B ENEE M ERE, T A
5| A 8 25 A DR AST I AL [R) BsF 46 e B e (] L 28 5
BB AR c=0. 25 m/s, XA F Tho 45
Qiu A5 HEU Y U Bl =Z 7],

2 FEXTEEHZEm

SN SN A I =IO I i (N EDAR L)
g E LR EE v =n=0.ETE L5 I
JZ EARHEK SR E 2 H s, /50 =0. 25 IS B R » 43 5
WEEEEESEMIEZ L H/B=0.0.2.0.
5.1 Moo A E A ML ME 2 iR, K
HIRE ) RE N =F/As, . F HEERIR J1.A RIT
FEAEH LR AR, Hh, H/B=0 JRHKEE K
sa I+ H/B=co S Br FARFR T AN HEK 38
su T+,

W 2 ATLAVE SR AR H/B=0 Floo, R 5
TEOLT 5T ABH J7 B & 5T AR EE ) 3G i 14, e ¢
ETREMG KB WMBEH ASEREFERE.
M7E H/B=0.2.0.5 A 1, B 8T 4208 £ 15 0

T RE ) R BBEE B HINGA B T W (R 5 T 4R
BT I 2 B — o P o 7 3k o W 5 I A i
SRR B A T A 48— HLBE I il 28 B fo e it
B 7 A R UL » 31X Fh 2 175 B4R T RE 3 Al b R 45 4
F14 BB T8I

0

05 |

1 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 11
N,
1 : == = H/B=0 - H/B=0.2 = H/B=0.5 - H/B=1 — HIB=®

B2 LtETEEMNTFEANBENBRI

Fig. 2 Effect of upper clay thickness on penetration resistance
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Fig. 3 Effect of strength ratio of the bottom layer to the top layer on penetration resistance
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Fig. 4 Soil deformation mode at different penetration depths
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