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Abstract

Recently some concepts of very large floating structures have been proposed for one of applications such as floating
airports and floating cities. Most of such large structures are supported by a large number of columns piercing the free surface.
Therefore the fatigue analysis and the hydrodynamic interaction between multiple columns are importantconsiderations for
this kind of structures in waves.

At-sea experiment using prototype model named "POSEIDON" had been carried out for inspections of various elemental
technologies concerning the construction of such very large structures from 1986 to 1990 at the coast of the Japan Sea. The
POSEIDON is a semisubmersible offshore structure with 12legs that was built as a part model of a huge structure. In this
experiment,strains induced by waves have been measured at 12 points of main structural members which are related to the
fatigue strength while there have been various another measuring items.

This paper describes the effects of the hydrodynamic interaction between multiple legs on structural responses in waves and that of
some factors on the estimation of the fatigue life of the structural members.

Hydrodynamic forces acting on the structure have been estimated by the three dimensional source distribution method taking the

interactions into account. Further the results of hydrodynamic calculations were applied to the struciural analysis. Structural
response functions were solved in the frequency domain by F.EM..

The effect of the hydrodynamic interaction against structural responses was confirmed by comparison of predicted results with
experimental data. Both the spectral method and the discrete method were used in order to analyze the fatigue life of
structural members. Particularly, the wave directional function was taken into account in the spectral method.

From the results of studies described above, we may conclude that the hydrodynamic interaction and wave spectrum shapes
dependent on frequency and directional functions respectively influence considerably on the prediction of the fatigue life.
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Fig.2.1 Schematic profile of POSEIDON.

Table.2.1 Principal dimension of POSEIDON,

ITEMS Full Scale 1/40Model
Length overall 34.0m 85.0 em ( 34.0m)
Breadth overall 24.0m 60.0 cm ( 24.0m)
Height of main structure 13. 5m 31.5 em ( 12.6m)
Draft 5.5m 13.75¢m ( 5. 5m).
Distance between columns 10. 0m 25.0 em ( 10.0m)
Column diameter(8columns) 2.0m 5.0 em {( 2.0m)
(4columns) 2. 50 6.25cm ( 2.5m)
Column height 8. 5m 15.25¢m ( 6.1m)
Footing diameter 4.0m 10.0 em ( 4.0m)
Footing height 2.5m 6.25¢cm { 2.5m)
Displacement(A) 514, 6m? 7985¢cm® (511. 0m®)
Height of C.G(KG) 6. 48m 12. 45¢m ( 4. 98m)
Height of C.B(KB) 2.01m 5.03cm ( 2.01m)
Metacentric height
Transverse (GMt) 1. 60m 7.75cm ( 3.10m)
Longitudinal (GM1) 5.03m 16.33cm ( 6.53m)
Radius of Giration
Roll (kxx) 10. 06m 24.18em ( 9.67m)
Piteh (kyy) 13.34m | 33.03cm (13.21m)
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Table 2.2 Structural properties of Elements.

IHERRETSE JMEL6s (F6F12A) RaRS
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Element Properties
Element Element Shape Measured |Strain }Sectional | Shear 2nd Moment |[Sectional
Point Type Area Area of Inertia Modulus
-Ax(cm2) Ay{cm2) Iz(cmd) Sz(cm3)
SN 1,2.4 Bend
g" 625 313 3.09x10% 30948
t=10mm Z 3 Axial
Colunmn
o
@ cgn E— B 782 391 6. 06 10% 48501
t=10mm 2 ¥
..___g.
Brace © § 9,10 Axial 80 40 1.61x 105 792
t=6. dmpym =13
Box- ta 25myt2 7 Bend
girder | t4=8mm1 1. |([° 700 300 7.85x 106 | 62421
t2=6 mm ai %’ 8 Shear
2.7
ty
ty=8 mm\o\,; tjl;; 6,12 | Bend 500 200 5.22x105 | 32747
= |ty=12pnrds
girder . 28m
t1=8mm ﬂ;’, 5,11 | Bend 456 200 4.19% 10 24605
t 2= 1 me 3
Table 2.3 Mechanical properties of Materials.
it 2 B & % FeiRAR |BlERMAS | 1 U
w e RAE 8] R B L
c Mn §i P N kgf/mm2} kgf/mn2 %
KA {<0.23 |=2.5C {=0.85 [=0.040 |=<0.040 2 {§
NE o] ' - =224 41~50 216
KD |=0.21 |=0.60 {=0.35 |=<0.040 |<0.040 B3 LEEY
JIS |IREME|<0.30 {=0.30 |0.35~ |=0.040 [=0.040 2125 242 |#t =225 | Tv—-2E
G3440STKMI4A 1.00 B =220




Table.2.3 Mooring conditions.

Line No. 1 2 3 4 5 6
P (tony|2.4812.72 2,66 |2.60 [3.68 |3.68

Aitacgy |15 119 |18 17 | 30 | 30

|

Footing

Mooring Chain

Type; JIS F3303(welded stud chain, class3)
Diameter=50mm(nominal)
Weight
Length
Length = 253m /1 line

Initial Angle
=47.6kg/m (in water)
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Fig.2.2 Structure of POSEIDON and Location
of Strain sensors. ’

Fig.3.1 Element division of a Footing.
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Fig.3.3 Examples of Fluid dynamic coefficient.
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Fig.3.5 FEM model for Structural analysis.
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Fig.3.11 Comparison ef Strain response amplitude
operators in Directional wave.

5, Fio. FEHTIIA. FhoBBICK VEEROES
MEHIE L. THITHE-> THRBEEIERLUISEILE
BT5, SEAOHETIEIOEEER LTV 0.
EF— Z I B BhoOBED/NS 1 d DEBA T
B, ERERD EHETHEHREZR U ERERIIRE
AEOZELER SIS LIERER L. HATHLESR
U7 iR gttt L, £llERon5
HMDZEAER LTHEROLERDINS, - OERENIES
ZEDREBMOEZELDr—2ATHOND , ZOBEND.
IEEBBOMERICHI.-> T, HETEHRZEBHLAL
W, KERERT -0 RIETE 2EWVL B,

(2) ERAERESICET A0S EEG ERT
Fig. 3. L1DBTH I3 & HITHELE ZEARS b
DR —=HIUNS O EEEHEE TS B k&L EE:
Yo COEL. BEERADOVEHRAICEL DIEERRS
MVERD. BRREEEZHEET IBEEEITENTIE.
IEEBBELOBREOREHHME CHE LT LE
NHE0MEELES, ‘

TIC THulF—ra—-¥— (BEEEE®DC
~30Hz) THEUIHEEESEDOREHEEANRS b
IVEHT L. LEORREIZOWTRE L,

ZITRWATF RS T—Sik, XvavEF—s L
A—FEMAEDOEIEEY X T LTk b SN
F=STHB, COVRATFLIZ, SV THLA 2D
WRAET L. SHAWREPIc B 388 Sl 7
FolF-2ERA8ET S, BE. 1~ 2 BMIC—E.
F—ZEIELT H 7. COBICE) AR EREEE
OF -5 PWEMES, TFHosF— o HlERITHN
5MTHD, F+ 2N EIE1 4T, BOBREE
T—5Ofh. HEBROFAEBELTH S LHITFE
(No. 15) OF—=4HHXhTH3,

WEASLMFEDF— 7%, 10z FHTH L7
Yo7 UARY MV LT o oo BWEEIZIZB THE%:
Bz, 1807 — 281332768 (#5540 . Lagfut
2048& U7z, Fig. 3. RIEEROREMN 27T, £
LEWANRY bV, BEDIEEZART bb. (5) RTEHE
LA ERETH 5, CORMS. JEEBEEIzOW
TL Yz &2, Bz I K ZF VW E— 7 BN T BE



72

2

m”° - sec
250 —
: TUIm
200 Wave Spectru
Hy3=5.6m, T =10.2
150 V220 Tinsmen
100 - Vana=17.6m/sec(10min)
(dir.=WVest)
50
0 1 | | ] ]
(8] i 2 3 4 5

x10* us? - sec

10

gl Strain Response Specirum

6

4

2

o 1 1 I L

0 1 2 3 4 5

ms/m

100" grain Response
80 Amplitude Operator

' f(Hz)

Fig.3.12 Result of Spectrul analysis of Analogue
data.

m* - sec

10? Wave Spectrum

3 4 5

10 |
10! Strain Response Spectrum
10°
102 - Natural Frequency
10:]
11’8-1 pid ot g thaele

0 -1 2 3 4 5

f(Hz)
Fig.3.13 Result¢ of Spectrul analysis of Analogue
data (log scale).

Pbohd, LU, B, BOARY bNVEABE, O
RO/ =3NS LBEERE-Z RS his, 22
T. FICERAFig 3. 13iC log A7 — IV TELTH 3B,
CHATBEEDIREANY ML 1.9z, 2. 8HzfhTic
E— 7 0FET 3B 0b S, KPORE ISEEEEY
ZEMSBEICTTIVLL., BEERITL IR TH.
LYzfHED B — 2% 2~ 3HzHEICE { OEBGENGE
ETH3EEERL—HLTW3B, k. 250zicEES
BE—J A VTV /OBBIILAbDTH S, E
BEBFICIZA SR o /S LSAP4EFERL.
HWETTIL Fig 3. 5O EFLESTHRILLTHNT
W3, ULDHERNSIGERART PLAVNEL LB EE
BEHERICE TS EEBT2&mIc KREWEER
TEPRDIS, ZOBIS, WEXRS PLEESLT
BREELRDDBE. BERRY LD NG —=R1ED
WP E THELER RO U TR 5 B xR B4
BERHBENTL D, O, BRARY b IVE IS
BEOFHAIBEL T BENRHBH. OMEII4
BEPTHRITTAELT S, SHOERED S M4 hid

0. 6HzfHE & TOIEBRENHEE TE T NIEEA LIZM
BREWENZL S,

4, EHBERF

INETIEBELTE - HRPREELE OREEREE
BEHEERITICERNT A8 E2EL 5,

P SORICHI BV 258 UIcBE T BRIk 512
YR U NERT B0 FICESTMORE FHREIC DD
TOMRHNEE LA B, KETIIESHE BITONEIC
DOTRNB E &bz, EBRICPBORSHICB T ED
LI BHETEHEGFTUNTLNI OB NT S, T,
FETOHER L EFEERTIHI I Wit OHEES D
STFRENBEHEMI DL THE LR BICEREN
1o HEEFMT 5, X512, L DOHI DN HERERD
EiF. FNoNBEHBEIILDOL BRI INIERS
50

4. 1 EFEERHZOHE
KB ELN TOAESRHEICIEY OB ERH S
N —RITIE < A F—DRFICE /B FEHRE (S
—~N#&E) ok 35&E0L AnohTin 3, 2T,
HESTREERRT PLEREDHIT B,
(1) HESHE
FESAELMMOEFBERENIL BAboh T
BHTHY. PEOEFEERITS I OFENER
ENTHE (RO BMEFIZ 4. 2THEFRTS) o
BESGER. 9 BEINhI3BEMBoES. A
BELSERERBRERERET S, RICREI I
FRTNOBPRICH UTEHIEH L0 (—RICATRE
HOEBRIE) ZHEL. EHELEVL 22D 7oy 7
BT B, K70y I DISHREEBEED SIEHI LA,



BROELBERBLTWE., BEEEPHORBEHER
W ELLRD SNBICHEPREEELC THy bR

Ry POEHL RN ERD B, JOKEE BT RHER
WEAL. <1 F—DEFHE2RV (6) Rick b BEE
FHEEEERD D, CITrIIBRAEEETIUT TR
Thidi o, SMEHaETlE. o EEE, 27
Sy o= i EEHOBRABELR ST L0KS L.
HREEREL T3,

Ng
z (D;/Ni)<’n » .. (6)
i=1

n BIEALV U IBITBEVELE
N, :S/NBHTEZ 5h B8 DE LB
N, SEAL YYD RS54 RE

n RFEEEE (< 1)

B REHER MO BERRLEICL D 7 5 X510

BRELEORE
(5. A, R o H3REK)

Fﬁﬂﬁﬁ%é@ﬁ@ﬁﬁ
mﬁ%@:@oﬁﬁ
%Eﬁ@@lf 099538l

: B’ MIOENREFEOHE
K7 0yl I

B », R LBORR

BHRPEHOZR
]

BEHBHER~ONTRD
(=4 3-8

|
REFEFEEOTFH
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Table.4.1 Appearance days of Waves for § years.

H1/3 H T 8% |E5¥
" (m) (m) |(sec) | 83+ 84 |SEEMM
No.1 | 0.1~0.7 | 0.4 | 4.0 |110+155 |662.5
No.2 | 0.7~1.3 | 1.0 | 4.8 [107+ 93 [500.0
No.3 | 1.3~1.9 | 1.6 | 5.5 | 65+ 53 [295.0
No.4 | 1.9~2.5 | 2.2 | 6.3 | 55+ 49 |260.0
No.5 | 2.5~8.1 | 2.8 | 7.0 | 16+ 9 | 62.5
No.6 | 3.1~8.7 | 3.4 | 7.7 8+ 7 | 31.5
No.7 | 3.7~4.5 | 4.0 | 8.3 4+ 0 | 10.0
) /
[ :
. T ) TYPE 2.1(d) classD

] 1

classT

% TYPE 7.1
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Fig.4.5 Details of Joint part and Class of S-N
curve.
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Fig.4.6 S-N curves used for Estimation of Damage.
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Fig.4.7 Response Amplitude Operator used for
Design.
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KR
@A S5 LAY (Joint 1 Class D)
No. Mo (t.cm) Sp{(N/mm2) ni
i 1680 8 1.43x 107
2 3500 17 9. 00 10¢
-3 4400 22 4.63x10¢
4 4380 21 3.57x 106
5 4220 21 7.71% 108
6 3940 19 4,21%108
T 3920 19 1.04% 105

HFE N=10°TDSe=32N/m?*THZDTOK

@A 5 LRF 4 7F— (Joint 2,3 Class F)

No. Mc(t.cm) Ss(N/mm2) ni Ns ni /N1

1 1680 i1 1.43%107 - -

2 3500 22 9.00x 108 - -

3 4400 28 4.63x10% 5.1x107 0.09
4 4380 .28 3.57T%10% 5.1%x107 0.07
5 4220 21 T.71x105 6.0x107 ¢.01
6 3940 25 4.21%x105 8.5x107 -

1 3920 25 1.04%x10% 8.5x107

HFE T (ni/Ni)=0.17<1.0
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Fig.4.8 Assumption of Misalignment.

No. F(t) S (N/mm?) ni Nt ni /N1
1 1.8 8 1. 43107 - -

2 5.1 23 9.00%10¢ - -

3 8.4 38 4.63x106 1.3 %107 0.36
4 10.1 16 3.57X 106 1.05x107 0.34
5 10.4 417 7.71x10% 1.0 xX10¢ 0.08
6 10.0 46 4.21x105 1.05x10% 0.04
7 9.7 44 1.04x10% 1.2 x10¢ 0.01

HE T (n1/Ni)=0.83 <1.0
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6 10.0 25 4.21% 108
7 9.7 24 1.04% 105
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