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Abstract

We performed laboratory spudcan penetration and extraction tests considering various geometries. Jumunjin sand,
representative standard sand in South Korea, and kaolinite were used for uniform sand and clay layers, respectively.
The measured vertical bearing and pull-out capacities were compared to empirical equations for shallow foundations.
The results showed good agreement between measured and calculated bearing capacity from laboratory test and previous
study at shallow depths. The effect of spudcan geometry is shown to depend on site condition. The influence of a sharp
spigot is not significant in clays. The slope of the spudcan surface is shown to influence the pull-out capacity. The
characteristics of spudcan penetration and extraction behavior considering various geometries can be a useful reference

for determining spudcan geometries.

2 X
AT ThET WA W AR T2 AR AAE ANERS B9 BUEE AY ABS SAstc
o1 16} Ffe el 2 FE Eﬂm JrElel=g Aol Eﬂ% Ak A A2k 24shl

of 2Jsf ZW% AR Ay AR AA Bede el S
S

Keywords : Spudcan, Penetration/extraction test, Spudcan geometry, Bearing capacity

1 v]3)Y, stofdista AAdekd58tal vhakab (Graduate Student, Dept. of Civil and Environmental Engrg., Hanyang Univ.)

2 A3|9, stoFoista AHE7-gsk) Fal4s (Member, Associate Prof., Dept. of Civil and Environmental Engrg., Hanyang Univ., Tel: +82-2-2220-0322, Fax: +82-2-2220-1945,
dpark@hanyang.ac.kr, Corresponding author, 1414 A})

3 A3, ShoFoiska 74“&7:‘3'—3]'51]— BFAL (Member, Graduate Student, Dept. of Civil and Environmental Engrg., Hanyang Univ.)

R el HE BoE dske YL 201739 99 30U7HA] 1 W8 R BuFAlY] viynh Azte] AR W 3 =wxlol Aste] =Yk

Copyright © 2017 by the Korean Geotechnical Society

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Dofe BE HURBHIMS AIHEMH 2Q/FE HS

08!

Jb17

M



.ME

a4 A Al AREEl= A YuER](jack-up barge) 2] 7|
of sl Am = 7H(spudcan) A ol A ejutz]
MR H o F MAA|F| AL A A|EH= TS Tgsict
HHol AT EHE QT XY
Aol e EolsH 3] sl 2=

AZsl= Zlo] AutA ot A

& A1 9
::,'

=ze] o %
7} 2S spigot O 2 0] 0] Qo] Z=HuleF A7
7N S =S AE o] gl

of AXEE AHERE FAb] X HE gL
7129 o2& Hg3te] AAHS AEFH= o] Uik
Aolck. ShAITE SApAle] AuAel & A

= g 29 FH 9} spigoto® Ej=

S8 oo oo % uo B
e g

¢ 9 o o &

olN

A,

o%

9= Q%) Houlsby and Wroth(1984)= A5 =710 &2
B2 spigot 2= QISto] X EHORRE 7|&o|A )11
22 FAfo] WIS 4= Qlokal AJAEF o, Baligh and
Scott(1976)-& Q] A] Z|Hto] AP SKradial direction) 2
&2 2HETHE] W] ASHT Qb4 o] 5 e =M Prandlt
o) g uhe A5 oS FHet). wa
Cassidy and Houlsby(2002)= Z1-& Aol 9] 7} vt
A Al @7 BAER Q8 ST ddo] WA
o AA3}S.2.1, Houlsby and Martin(2003) o] 7}
= wslo] w2 Ayt AvEge] AFEHS LA}
itk 29E e) A AFE Sl A A
= &% A7 A7t AAE HE glek Tan(1990), Martin
(1994), Hossain and Randolph(2010b), Martin and Houlsby
(2000), ~12]a! Zhang et al.(2011)-2 work-hardening plasticity
B Aol SIS B A9 AFS mARY
1, Gottardi et al.(1999), Martin(1994) 1] 1 Martin and
Houlsby(2000)%= 1g@} A4 A|Hlof| A AA| 20l AEufje]
o] FAHA Uetthe A& atefste] e, HEA|H
A &) Btk 28 Al sked W s ERH Aol uf
E gEH(yield surface)S 22t =&31% k. E3F Govoni
et al.(2010), Hossain and Randolph(2010a), “12]31 Teh
and Leung(2010)2 Al E E]-,-,-X](centrlﬁlge)g =31 Ay
A@e B 4245 mHE 3
AL AHEY] 22 A% D 25
HEXHES 4078 A7) AP Itt Vesic(1969)

AEE Fol vl AedE, By 2ol 17

7

Ion

S
o
e
N
ji

breakout factor)E %835t L&y} AL

18 g=XegtEstel=2% H33d A3=

3 8
‘ﬂiﬂi Rapoport and Young(1985)% A

ol BAEIO] Sl A2k £ 25 4 AT o 52

[UO
>
N o
vl
é
_l
B 5
ot
o
N
)«
m
Hﬂ
o
K3
N
=
SL
38
o
b

o]l Hossain and Dong(2013)0] o xJuka} E3hA]
oMo AHE =& A9 AsS MEZFA]
Aoz 453t b Sl opeRRt A4y
Qo] Hlsl| oAz AHE B A7
Ao MEE Q= Aol AA| A AnE
5o A% 9 AHgE AL sl

B oi2o| A 71o] =2kel(SNAME, 2008; 1SO, 2009;
InSafelIP, 2011)0] A|AJE 2w =70 **74] LA

- -
o 4

.
o
w~

e of
Mo &Y 1 o T o w T

wheh ARSE chepeh Pe] AnENS AT 2AY
2 4 AR d/EFE AlgS ek T3t
71 BEA O R AL EE UWA AFEN o]9o] o

#fl, MERT ofy et ko g o)folxl ARt A= &
Aol 28 7Fset B3 vherde A Thekdt F4e
A EZHO] gt Y2 AlHE FREh F=EA
H o} 7l~9ﬂ‘+°1‘5 & ARgste] 24

AREIA S BYFE AFS Tl AbEE AR 9 >
Y R AJiC?H«l 2o A 3

e AARe] A o7, spigot, 1E]al Hof| T A
717F AAE 9 FEEe| vAe 9 B
g 710 gl A8 e EE 7|2 A A
At 2 ¥ E dA7telEekele F8 AlAE A
AbE AE A vl g
B AT

=
A~
¥HE

!

Ol¢

R EE £

Mo 1
_I

|
%
2. O|EXN W&

2.1 2efX|BHHIMLl KX

d, +ydN osirip Sq 9, 0

== N
1= (zD*/4) 2 Ny 37

0217]}\‘] QV'L:_ fﬂ%‘ Nyslripl_q' Nqstrip’xc__),‘ 01_4\_7]_;}_94 X]X]
AL, 59 sp= YA LT 42t s QoA
2 717} oulgtth. A Egio] xJHlo] 943 TAE A



R A QR BYHAS A h2Y P4
Bl 4G Aol shsdtek

O, yD

=xD 14 2

NV»Sf"i}’ SJ/ d}’ (2)

4714 D2 ARbe] Rl E o] Q= AHES] fra
S-S yehdoh 2eix|He A Y] A thas 9
T &2 712 AAY AR 71E oY AFAERR
] thefstAl AAIE B glom, 2HEgh AAE 913
7}o] =2}RI(SNAME, 2008))| A= 7] A|A|% Terzaghi
(1943), Meyerhof(1963), Hansen(1970), 12|31 Vesic(1975)
o] AL O R A AEHES 23k 9]
th. 371402 SNAMEQO0S) A 712 @ Aol
A OB AT ETHO] #] Al WA= back-flow
o G WP 5 Y= P4 Akt ek

ATASE Bl AAE L 7|20 A 7

A HAG(Ne, Ny, Ny)©oll Tt “J3ll(exact solution)7} A|A]
E7| %= 3}t T3 Randolph et al.(2004)0]] ]3] X A]
GAG Nycireutar2F Nycireutar 0] 7 20AI 7} OS2k Zro]
AAE HE QLT

N,

y.circular

=0.75(N, o —1) tan ¢ 3)

o] w, A5 = 2(associated flow rule)of] whe} W
gle)?} YAFzH(dilatancy angle)o] A]
sttt 78t AA— AN, Ny, N)E A=
785 AA WA R upE Y A7) ol
S = F99 AXEE gd S d & v
AA1E v} 1t Bolton, 1986; Frydman and Burd, 1997,
Randolph et al., 2004). Atz o & Afuer} vhe may
oAM= HZZO] Nyirewar®ll HI A= F3Fo] A TH(Ports
and Zdravkovic, 2001), TFehgt mafjxjutel Lo 1
FFo] HA F7sto, AR AbEE 13 Ncirewar 2] AF
Aolle A= 71 2= A¢tst 3t Frydman and Burd,
1997).

o
=]
k)
o
L3
>
Q
g
=
5

2.2 HEX|HOIAMS X|X[H

HER o|Fo7l AHto)A|9] Zojof whg HlHlj4=2d
“H7) & (undrained shear strength, Su)= Al=7} S71g<
= Agem SRt 7Skl vt Zol &do|
s

N

—_

o},
Su =Sum +kz (4)

A7IA, Sun SHAA|EH A 2 BlHjHATRY =S 2
ujst k= Aol WE BlEjeddd = St v,
12Al zi= ZolE YEhdlt: Zolof whE Hujeth
78] AR ARl S7t WS AeEatEd ) 7 =(degree
of strength non-homogeneity) ®= B2 A<(non-
homogeneity factor)= E2]+= kD/ Sims 3 LEFY o]
ek, 01714 D= AT ES] H74E Ve, An=
W AAE $1%t 7Ho] =2RRI(SNAME, 2008)0 4= $HA]
e Htof| A o] 22| AbE Al HR7IA| 2 HE A
Hho A 7]&E AAbzol o AXE &2 7]1%29] A

B
A2 A AL TR A GG AETES A

- p

SeEE 2EA que & )
N Bt AA-§HE QJu|gheh. AFA QD TR o A]
L g0 HHAS ags|Eo g2 AW ENT HAE o]
QL 1o 7R s R uEEly|E gl oA
mE x| Htof A &} upE7 A 2 SNAME(2008)° A= 3
ko] 8 A= back-flow?] F3RS TH = 4= Y=

e tah ol AlARME Al

o &

qu :NL‘SM +}/Id_p(')+%

o 2
= = .
AASE, Ve SHEe] BYBORA WAE

o] A4, 2)3 A AT =]

B ol Yot
TN (o]
=
|
b
u)
e
g
iy
o
1o

Dohe BE HUXBHIMS AIHEH 2Q/FF HE It 19



3. AR

3.1 AIEEH 2 A=

o

£ QAL AR HHE 1 YY) ArERS
Q.

o] &t A AIFE Sl AHENY] IY/F= HAY
2 A8 AU AIES St Al A Y
STEYRFO 29| 55 9 9IS Aot 4= QoL Wsk=
AAoA o] BY/FE Aol 7hsdtE %Jr 529J o]
Fol ARFES A= AE Al@A] o] 473
< Fig. 1] A5}t

IR EF ZAS 23t ol EXE= 100cm*100cm*
100cm(B*L¥H)2] 27)2 A zte|glon], Fuje] iz
ol AN g HZAFQ] 2EZA mEE UAPHS A 8slo]
A AED) 60%2] BAANE 24T s
60%2) et 24 Fol B8 A4S A9 Yol x3}
e E vhso] Utk HEANR|A 9] I)/FE Al
= R U B A%(D) 100eme} $£0](H) 100cm=
AZ = et AEA 244 flal 7hee|volE £
o] ARGEGlo™ At 24 Aol ThEE Ul EQF w5
1:19] vl &2 Z3hsto] BExo) ¢ ¥ F, F 494
9] sl5& 7hste] o & XSYsGlTh 4kPad] S5
o= o IS AlAsto] 8kPa, 16kPa, Z12]a1 32kPad]
sl5S oA W= Afetallh o1 et A, 4 Bx
slioli= e o] m(filter papenS H2tslo] b A|
heeUolE IS Aolgt Byt B o R W%
= sheiet. Zhzre] 1% A Wa of 357k 5% A

(a) Experimental set-up

SPAelA] oRe AIHS
o] TaH Ao TSIty 27 HAHATHAH(vane
shear test)& B3 2AH YEA M| A ] HujT
AEE 2AT 2T, F 4ulel 4 e AR 24

Hjg=Ag7 e = 10kPa® UpEldTh %
A HEANRE Hef Atk de] A2GAl 283 7]
Zro]l 285 HE 133te] 274 100eme] &Y EX
ol Al FA|of| 43%] o, Boussinesqol 2J3l] AA|E 2}
£ 59 4P JpusE nels) otk
Boussinesq= A %=(z)o]] ot AT =70 HER]E(a) Q] H]
(), L2131 5550] FA0IA] Suraro o] A2(ne}
2HER WABe] v B FA5E 2 A A=
W o me] JanslE AXsk Aol
i IRY/FE AE-2 Boussinesq O]l
off At 2o ko R Oﬂ@“ﬁ—‘ﬂ(r/a':.Z.S)%

22ke) PRYEE AW AAAIL] Azish A
=70 MBIk vl 2 A AnEelA .13,

= AAYO] Au=FHo) A 3.172 Boussinesqo]|
ofs) Alete oh SgoRe] FIFUAE HolLt
K= 7HIglo] AlElo] SaiEl A2 etk Fig. 2
ol qhul ol SaE WYEE AW Aax
2 A3 =7 39 A T A)SF L) Fig. 2(b))o] Lt
el vlo} Zro] Zkzko] Fhol/z=2 AJFo] A2 7HAGlo]
g0l Hee AT = Uk AT H Al
= 22l F& Al A A (Dol weEh HEE Qls)

oﬁ
filo

¢

g

Height : 100 cnr

s
Piezometer

(b) Clay chamber

Fig. 1. Experimental set-up for spudcan penetration/extraction test

20 E=REtEse=28 H33H HM3=



™ TN
[20 em] [20 em]
\ )

> _
\Tl(small)/ \Ti(small)//

[40 cm]

[5lem] g - [5 jem]
T2(large) /

\'I'Z(small) / \T4(small) /
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Fig. 2. Tested position and influence range in clay
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Table 1. Properties of tested soils B =i digh AW Alele ddstdlon, 2
Property Jumunjin sand Kaolinite 719 wE BF A f1S T 27 AAld S A=
Gs 2.65 2.60 7ol gk #/F=2 NES Xﬁé‘ff}%“iﬂr- Fig. 30l= 4
G 1.46 - W Aol ARgE AnENe] AW 9 SH J4S 217
Ds (mm) 0.56 - A5 .01, Table 20 74;4 AHETNof| gk A

= - 9 9 B Ans geste] Ukl

Emin . -

m _ 41.94% AW Aol AR HE AHEZS FUSE AAYY
PL - 29.38% A% BT TE B 2 2719 A S AEE

Table 2. Dimension of tested spudcans

B (mm) L (mm) H (mm) D (mm) Shape
T1 (small) 50 63 12 - Rectangular
T2 (small) 50 63 12 - Rectangular
T3 (small) 50 63 12 - Rectangular
T4 (small) - - 12 63 Round
T1 (large) 100 126 24 - Rectangular
T2 (large) 100 126 24 - Rectangular
T3 (large) 100 126 24 - Rectangular
T4 (large) - - 24 126 Round
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(a) Front view of tested all spudcans

(b) T1 (side view)

t

(d) T3 (side view)

W O Ww

(c) T2 (side view)

(e) T4 (side view)

Fig. 3. Front and side views of tested small size spudcans (unit: mm)
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(a) T1 type spudcan

(b) T2 type spudcan

(c) T3 type spudcan

(d) T4 type spudcan

Fig. 4. Penetration/extraction procedures of tested spudcan in sand

Dohe BE HUXBHIMS AIHEM 2Q/FF Hs It 23



ol
o

5
fu
r
ol

o
W
Iy
i
i)
oX
2
>
1o
of
ot
oE
1o
rir

Tyl

=

=2

Nl
o
4

<
L
T
Fl[‘
OI
0?
flo
N
N
o
lﬂ.l
é
ﬁ
B:L
_q
o X
NS
m
o
r i
o 5 X

o o qfr ot 1% & orlo
o mh
N
N
©
i @
o,

-r‘ wh
wa ==
>.
é
1o
e
hﬂ
l-ﬂ
>,
P,L
2 J
ix}
>
=
>,

2A Yol W X Fo] th=2A YehEith AW AEE
ol SE ARG dAA = AFo)A A Al g
2] &&= 1l ¢l= Meyerhof(1963), Hansen(1970), Vesic
(1975)2] A4, 1221 2| 7Fo]=2}1(SNAME, 2008;
InSafelIP, 2011)& 53l AotE 4oz A&H A
I vlasklek o] uff, mefR|Htel 4] 2 A A Al
Qs YR o2 e 60%4 ?-‘%ﬂ Eﬂi

o e e

Bearing capacity (kPa)
0 100 200 300
0 L — . I '
F —T1(small)
—T2(small)
05 | —T3(small)
r <@ —T4(small)
» & Meyerhof(1963)
14 ® A Hansen(1970)
[ ". O Vesic(1975)
a [ r® ® SNAME(2008)
E 1.5 T O InsafeJIP(2011)
o
) O
O
L O L
25 o [
- o [
o &
3

(@) T (small) type spudcan

54 A, 71E 472 Bl AN A A A
ARSe AL o] o) A el 472 v

)
X Aejel) &3 4 gl A0 UElTh SNAME
(2008)S 7|1Z20.& WD |7} 0.15, 1.0, 2.0, 12 3.0
ol W) Ti(small)2] Z<- 0.69, 0.72, 1.04, 1.77, T2(small)
o] A2 0.74, 0.67, 1.06, 1.82, T3(small)2] Z-2 0.7,
0.7, 1.09, 1.9, T4(small)&] 72 0.47, 0.55, 0.66, L&)
I 1.05= Zr7y yrepyte) ol Fig S(a)of] yrebd v
oF Zro] AA| # AEE Bl AEEe AR

49 B4 el B9, AEAS 9 AL
Fow Zrletng 2 Aoy 27|
ol A

1Y
o tha 2 3 b 5 9
H

g Ao g ARG
ot SHARE H/DQ) w7} A o2 2h2 2 Ao
M vz Zegt A48 d&5e @ 5 e AR
wekEch

o @A zh= T Aol AR SR A
ERS A, B Al S AR 2 Ael7t
fl= A= YEITE Fig. 50 Uehd vkel o] Ab4
3 e A 9] JYeR k= %%(Tl, T2,
T3), LW 0] Aol sht ZJAre] ol EAglol
A FABHA S = U SHARE Zo) T A o]
ArteEle d@io] 98 4= 7IReR sk deole

Bearing capacity (kPa)
0 100 200 300 400
[ e e e S S T T
® O —T1(large)
o0 —T2(large)
—T3(large)
—T4(1
05 (large)
& Meyerhof(1963)
A Hansen(1970)
O Vesic(1975)
a % ® SNAME(2008)
= 1] o © InSafeJIP(2011)
a
a
al
a
1.5 + (@]
al [ J
(ON]
(ON]
[om)
r ad A
2 o ke

(b) T (large) type spudcan

Fig. 5. Calculated bearing capacity from empirical equation and testing results in sand
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Fig. 7. Calculated bearing capacity from empirical equation and testing results in clay
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