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Development of a New Type of Foundation for Offshore Structures
— Penetration and Bearing Capacity Characteristics of Skirt Foundations —

Masato Ito Junji Sakimoto Takayuki Ueno
Hideo Goto  Naoki Masui  Yoshiharu Ota
Abstract

Skirt foundations are used for oil development platforms in the North Sea, but very few are used in
Japan. We have been researching applications for a new type of foundation for large offshore structures, such
as the main towers of strait-crossing bridges. We carried out penetration tests, vertical loading tests, and
cyclic pulling tests using a pit (W8.0mxD5.0mxH8.0m) and a large scale model (¢ 1.5mxL9.4m). We thus
clarified the penetration resistance of the skirt and the characteristics of deformation and bearing capacity after
completion of the skirt foundation. The following describes the experimental results. (1)Suction can reduce the
penetration resistance of the skirt foundation, and the measured penetration resistance was close to that of the
estimating system based on the bearing capacity formula. (2)Injection of grout into the bottom of the skirt
significantly improved settlement performance. (3)When a dynamic load is applied, suction occurs inside the
skirt and the pulling resistance becomes larger than the static load.
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Settlement-Penetration Force
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Settlement-Penetration Force in case-1

RA HKN) A FIN) kN
0 100 200 300 0%0020300 Oq&% 0)300
0 T T 0 T T 0 ¥ T T

| case=2 case-3 | case—4
20 pX---r-4 20 f\---+-- 20 P\---o--
| | i | | 1
| | I | | I
40 [-Y---- 40 pN--t-4 0 40 FAN----
| 1 |
260 [ -4---q geo FoAE-ioo 260 oW\ ioC
L i K ! 1 Kl |
Mo |- § - Meo [ -1Rr--| a0 |--H\i--
< Do < A < Y
Moo |- L | e |t e Lo
| ( | | )
| 1 ( | |
120 [--Ar-o 120 X0 120 oo B
| | ) | |
140 [---9-1 10 F-d-F%-- 140 f----KF -
) / h 1
160 ) 1 160 ( | 160 | |

Fig. 7 EBFE{H& DLk (case-2~4)

Settlementi-Penetration Force in case-2~4

69



KHFESRTEZERTER  No. 60 BN MFENEEH LR ORISR

Hizcase-2~4i%, P v FHENKIBIIERAILTHD,
KEZEH WA LEBEBAIERICEYTHD 0D
N5, EREEANBKEZEE XS Z & THRI~6ENIC
BAHLTWSE, Zhid, #KiZEDAH— R RIZEmE
DBRBRVFEEL, BHSHABEAAT S & ThRmB X
VWA OISR LD Th 5,

Fig. 6iCcase-1 DRBRAER & FREHRE L O ez R
L. Table 3IRBAEIIOFGERXERT, DN (VU =x
—MEE) Kk BEERE, a- XN EICERRY
WEDEDLHBBERLCTRDZHOTHD, SHEDE
BRESIZFPRMEEBRECHICH D, FIRIEH 2
HARICX > THELEZRY TR, BHERICANW SIS
Meverhof OZEF ¥ Z AV, RFrEAWKEEZERL
Tor=tan'(0.85-tand) E L TW3B, Meyerhof DZHiH
X, SMEBEEICERTIEERHP KEFET S, W
EAH—FOBMANEAI - NEIZELTHSREND
TP =K 7' "D &R0, TEREK OFEIZE> T
KELEDD, £ZT, Kg=0.5~1.5EE A FE2IT
o7t A, LOELAEHAENERMBE L —HLE.

Fig. TiZcase-2~4DERBRIER LAHEMDLKRERT,
AR T X B BMOBEABH ORI, X/FHARE
ARz, SmEbis L RO BmERTICE L&
DEBRICLZEYENORAE, NIOFEESICIE
THIEDOBBERICKDZENEHOEMEER Lz, IR
RZETable 5IZTRT . AN — e TOKEE FRITAH
WCE D 1T 7= MIBRKERT O BHHIEN 53RO, EhE&dT
—AEBK=1.0&LTHD, HEEIIERERE X<~
HBLTWwa,

4. HERMFEER

4. 1 Bk
SHERATRBIIEARBK TR, A - N EEREH
BEDOERICT 7T METERL, W1 2RHEAZT-
g, RBREERICRBLEZDy v FICKDEBHEZTo
7z

4. 2 BER

Fig. 8iZcase-1 (KEMETFARLTHEA, Table 3BHR)
OB AR X UMEBATRBROW TS ERT. o
55, ORBABLUY Yy v FHEORN (HEDHE
) B, ORI MEOMERMEFORKER
LT3, 757 MY 57 Ml (BAR) 1T,
WF BRI RD, WTREENREMICmEL
TWBDRbM3, CNEITFTTRNEREATEIEICE
5T, Ah—MEREERE (V57 MELE) P
Eik:ﬂifﬁ?fiéJ:fi%Cili)ftft&bé;i?ﬁi‘531250

Fig. SCBWAFOEYDLE (LEFHOMED S BIBEAE
HOEEELIIWEDD) OBLERT. V5T MED
AN — NEMOBESTER, —EBABOESTEET
EL R, WTEBNEDIONELTZ, KicAh—b

70

SAETTEKN)
0 200 400 600 800 1000

ETEem)
[o+]
3
S

100

120

140

160

8 57 MEIEOU T iR

Curve Before and After Grouting

Fig.
Settlement

25

E~ZO E ;E
2 2
H 1.5 H
H H
R 1o &
*® k-
K 05 ®¥

0.0
146 148 150 152 154 156
KT R(cm)
[~— %8k —o— KF(XH—FRAD |
Fig. 9 BHLEDOE(L
Change of Effective Earth Pressure
Table 6 #BELUBlEERBRLH
Condition of Cyclic Pulling Test

. 7wy b
B — & R B TE FIERE

case-A 0. 5Hz 110kN 110kN

case-B 0. 25Hz 110kN 110kN

ARIOKREAFMEDLEREML TS, Zhi, /35
7 MMEOZRNEN, AN — MERSEMNS A h— M
BHEHEESATOZBRABTLTWAZILZRIDBOTH
5,



AHMEARPIATR  No. 60 F\ M EN LR ORRE

Pore water pressure(kPa)

0 1 2 3
Displacement(cm)

AJ1— b N DHEREAKE — Z 47

Fig. 10 5 EHERBRER
Result of Static Pulling Test

200
150
'\% 100 /—_v —>
Q /
8l /
50 / /
0
0 1 2 3 4
Displacement(cm)
T — 2 AR
5. #RLUEIIREHEER
5. 1 BRAE

BELUIHRERRIL, HEBRMRBRK TR, HREL
Hotry—FR—IIryFZ2BMONL, FEERT Y
Far—F—%z28ty hLTro%k. B&EFIEI, £
T—EWE 7ty MFE) 280 LEREICHETL,

KRICRE LMERELARK TRV RLGEZS AT,

RRBCEHALNDREABHEREIS 7y MFE+
WEREERS, ZOBKIHEFRER, FEFBIKIC
JE U TR RE QMO N SRE DT R EWED
RANRSDZ, €I TRHRRIZ, AEE—EELTAT Y
MEE+MERBEZRLICETTWE, 5HRESHENR
RICEL B TREFEORE&ZHREL, £ 7y b
WE+WERIEE LT TS AEE L.

Table 6ICARERIRT —AE LT, THENOAEBEEKT
BROBIKREWEZEZX SNEHRT —AERT,

5. 2 BHR

R LB ZRBRICEIL > Tir-> - #HB S ERRRIC
Bl BRIE—LArHR & A 1 — S NEBRKE—E A B
ZFig. 10IRT . RBREEAHE T, BALEEZ0.3
m/niné& Uk, BB AREIIHIONTH D, ZOk
AN — FNERICRE U ADBIRKEIZ2kPaBETH -
7o

Fig. 1R LG ERBEREZRT., ABRERREZ L
N5, BE-5lkEME, FBE-26M RE-XA—F
NEBEKE, ME—ENVBEMRETHS, RELLZEKX
Bl ZHEIZI10kN+I10KN=220kNTH - 7=708, EBHD
caseHEHIENEZBARNERIREMELD /NS I
2o THIE, BELUABGEENRLS, BAEEOMD

HHERENERICBRETERS B2 EEZI5N5,

A ENBEART BT HTEITcase-AT155kN, case-B
TI6kNE BB IR ERBRER LD B EE -2, THiT,
BVWBEMEEEZDZEIE>TAI— NEREH#

71

#2 - OENCABICE U ZBIBRIZ, MBKAEDAD DI
BRI B 912, XA — MPRIZIZAE ORIBKENE
U= ThHs, EBRERTIE, BOEBKEIZAN—
MESIZERESREL TS, ZOHREZEMTTNY
5, BEL-AOHBKEIZcase-AT#H12kPa, case-B
THI8kPaTH YV, ZHIZCAN— FEMEL. n*E2EL S &
FNTNHNBIHIMEOZE KL, AEORAEICK
DEEZ/HAEMT B2 & (ZBWY 2 a >R
EWRTER,

UL, BltkEHEDENcase-BOF Mease-AX D B
BRELFAOHBBRAEGIRELRZD, BASHEIWED
KELIZOTWS, ZHIFFHKEERENES ko722 &
KEBADOBBMKEORALIZK LD D, REEED
HMHHEECABATE T OREMBEITENEZ R
HMERBIENTEREOHEN LA EZDEEX
55,

6. E&

AN — PEBOIHBERERZTY, BAEY, 64
EXEN, BLUBIHREERIIOWTORERTT- .
FolrBBRBIIEONHBRELEDBLUTOLIR
15,

(DEARR

o A7 — FEBOE AEITIDNVIC L5 TR O R E#E

EBRKEOMER . £, SRWIBHIICEEAAR

ZRWEFHETIE, EmEdic eyerhofNE AW

EREL—H U,

- BARIH 3 EANWSZETEAERN2ERT

ELZEMHs MR, YT I a MERARO

BAERIZ, BBRICLZLHEEIICHOEREER

FTBIERE > TXFHAREAVETFHIRE K-

U7z,

(D) ShERATRBR
CEEICT ST MNEEATE I &K, BEARRCHEN,



KHMBARTIERTH  No. 60 FENEEMSYEROETE

200

« AANAANARAA
RARARN

Load (kN)

(4]
o
e

0
0 5 10 15 20
Time (sec)
4
£
L3
€
]
€2
3
g, _AAF A NN NN
SVAVAVAVAVAYAVAVAYAY)
0 5 10 15 20
Time (sec)
0
< ~10
o —
< L
[=5
= -20
-30
0 5 10 15 20
Time (sec)
200
150
£
=
- 100
]
o
3
50
0
0 1 2 3 4

Displacement (cm)

case—A(0. 5Hz)

200
STAVAWAWAWA
S 100 f \ 7
el
E VVIV N Y

50 v L L ¥ s 4

0 .
0 5 10 15 20
Time (sec)

4

s

b 3

E 2 ~ N A /‘\ /\

HVAVAVAVAY

LN 22N A 4

[=)

0

0 5 10 15 20
Time (sec)
0
. T
v—v,._\-

@ —10
e \aYs &
= L""""
£ 20 -/

-30

0 5 10 15 20
Time (sec)

200
150
=
=
- 100
]

S
50
o .
0 1 2 3 4

Displacement (c¢m)

case-B (0. 25Hz)

Fig. 11 #BEL Sk EHBRER
Result of Cyclic Pulling Test
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