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At-Sea Experiment of a Floating Offshore Structure

On the Prediction of Motions and Mooring Forces of
a Moored Floating Structure

by
Shunji KATO, Shigeo OHMATSU, Hirofumi YOSHIMOTO, Masakatsu SAITO

Abstract

Methods of modelling (statistically) and simulating the response and the mooring force of moored floating offshore systems
excited by irregular seas and winds, including the effects of both nonlinear wave forces and nonlinearity in system dynamics,
are investigated in this paper on a basis of at-sea data of a full scale floating offshore structure “POSEIDON” .

The characieristics of waves and wind at the test field is studied from a viewpoint of external forces.

Volterra series and the Quadratic Transfer Function are introduced to describe the nonlinear wave forces. Cross bi-spectral
analysis is applied to estimate the Quadratic Transfer Functions. A linear force model is introduced to describe the slowly
varying forces due to wind fluctuations. Multi-input analysis is applied to study the contribution rate of slowly varying wind
and wave forces to slow drift motion.

In order to estimate the nonlinear viscous and mooring forces in the sysiem dynamics from full scale free decaying test data, a
new analysis method, which is based on time series fitting method using a nonlinear optimization technique, is developed.

On a basis of these investigations, a comparison between a measured time histories of the motion and mooring force and their
simulations is carried out.

Relating to estimates of the PDF ( Probability density function) and the extreme response of the motion and mooring force,
two statistical models are introduced newly. The one is a nonlinear statistical method based on two term Volterra series theory
for taking effects of both nonlinear wave forces and varying wind loads into account and the other is a modified version of the
Hermite moment model introduced by Winterstein . ’

At-sea measured sample data, the statistical prediction based on the Rayleigh distribution, i.e. the so-called Cartwright-
Longuet-Higgins ' estimates and the results obtained from the present methods are compared.

It is concluded that the present statistical models and simulation procedures provide unseful tools for estimating the behaviour
of nonlinear moored floating offshore systems and for predicting the extreme values of the motion response and mooring
forces.
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Fig. 1: Influence of measurement time on varying

wind velocity spectrum
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Fig. 13: Gust factor for each measurement and eval-

unation times
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Fig. 19: An example of time series of wind velocity,

wind pressure in sway direction and sway motion
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Fig. 20: Simple coherency and phase between wind

pressure in sway direction and sway motion
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Fig. 22: Simple coherency and phase between wind

pressure in sway direction and sway motion
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Table 1: Characteristic values of measured data

p71217 080202 D31214 D91119
Date 87/12/17  88/02/02  88/12/14 8%/11/19
Data Length(bour) | 22.4 24.1 30.1 4.1
sasple 35 2 30 44
Biss (@) 7.29 6. 87 5.88 6.64
Thi s3 (sec) 11.10 11.39 10. 85 10.70
Uie.s (8/s) 18.52 15.65 21,10 20. 40
Vind direction L0 e e Y
F* 7.5x10°  1.3x10° 2.9x10* 4.5x10°
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Fig. 26: Change of frequency wave spectra in every

two hours
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Fig. 28: Distribution of non-dimensional peak values

of wave spectra
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Fig. 29: Bird’'s eye view and contour of directional

wave spectrum
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Fig. 30: Example of directional function
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Fig. 31: Relation between 5,0, and non-dimensional

frequency f*

5'7uw(f/.fp)5 for f < fo (106)
smaz(f/fo) 2% for f> fp, (107)
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Thbd.

LT MAHRBOFMEINNTA—-S 2T EE
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EEHERELTNVS,

D(x) = D cos" x (108)
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FEid, BUEOEmLIZE-HLTEBY. FakhnRs
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Y5,
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FERBHIVWEBHIHERARENEBRTRD LN FE
Mo, BEERP LD LN IHEBRRNEELICER
BEDOGEDEEICHEBATESZPEWVWILZEITHLEWN,
BRI, VA NAXBREET D HER
ERELERBLTREIDFBEVELS.

FIT.IITREREA RUOBERICL 2 8hBiERE.
BUHBERBRUERF 4 RVESNEHBERABRERED
HEIZOWTHNS,

I RBEE  TEI6S (T 6 F128) BARs

Table 2: Experimental conditions of full-scale free

decaying test

Date and Time Tth July, 1990 9 : 40~14 : 00 ~
Place Test Field of Japan Sea (38Km offshore from land)
Counditions . Water depth : 41m
Displacement : 530t, Draft : 5. 5m
Used weight : 6. 8t
Slackly moored corndition by 6 chain lines
Motion modes Roll, Pitch, Surge, Sway, Heave (fail)
. Test methods Surge, Sway : by towing due to tub boat
Roll, Pitch : by inclination due to additional weight
Measuring Surge, Sway : Ultrasonic type measuring system
Methods Roll, Pitch : Vertical Gyroscope
Eavironimental Significant wave height : about 0. 4m
Conditicns Mean wind velovity and Direction : 3m/sec. NW
Gurrent speed : 6em/sec~Tcm/sec

HIESHEIC K BT HDRE HmER. BEAENRE
BUE3REREANTELAVWCHESA S, SAOHE
Tid. MEREL 640 HHLTH-72, BEABRTRE
BHEOEHFEREFM LORIE. XTY —BEERHSL
ETHLHS. COEBEHETELORIEBERE DL
LRRRETOREREN L ARRERETONMERRF
BADETH). TALEPHENICRDZ I LIZFTHET
Ho, CNEBRT LD, ARTIE. LTOEMNE
EExBWwWaIEEL.

¥ BEEENGRS BRI LERT 5592 RT
S KEmRE THETRD . 2ORERL VEVERRIIH
LTI L CREAR N RS0 L b Al Rw E
BWiEd, AT Y —BEERERD L DEBEKERIO
T UZERSSETH SN, SHEHIEREw >w >0
LBRELTHS.

FEYPENBE L F xv 7350 CRKERICHL . B
BMCRDEN B AT —PBEAK L AELEIC L BER
DHBEFT-72, TTIZ. Bh - FE [37]12. BAERD
BHRRFRR O EERERE TOWEED R RITHIZRD
TEN. ZORBERREOLDICHALL, 2OBRICE
By, WEIBIERLS—KLL, oT. TEMIIZFE
PEEETHAEEL LN D,

KERC L B HDHEE

EEREREHERE EEBEMORENERDEL
Wio, BEBERBRYEBRTEBLL, EHL2EIL

"9 9 0FET ANIEEMRERNTH 5. Table 2CKEASTE

ﬁ%‘ﬁ‘o

{EMSES mBL MLl 25 MBERERLT 28N
DERERFER L, —OI3HEHBBRBRTHD. 5—
DIZHBBERBRTHS. RESM I3 L s NIEELA
PlcL b XS50CBRLA:, REIA I 6RHEAL., 2
RE3 YLD KDERIZ TS gf/m . AEIZ1.664mTHS.,
REIANHEBERBENMNEERIZS3 3 kg . pitch B
LU roll DEEHEZIZEN £ 400 mm & 530mm TH S .

B IE KB D MEIZEALIE . surge (S L 20 cm | sway
2L Tid12cm THSH. Table IXXBEHHFEARR
VERABEDH(L A VB (RY 7=V Hh—_r
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Table 3: Free decaying test conditions

surge sway roll pitch

atsea | 1.3x10° | 11x10° | 5.2x10° | 6.6x10°

B -
model | 9.4%10* | 8.4x10* | 3.0x10° | 3.9x10°
at sea 70.0 84.7 18.0 14.3
To (sec)
model 13.4 15.0 3.61 2.7

intial at sea 7 (m) 8 (m) |3,1.5 (deg)| 1.5 (deg)

displacement

model | 0.2 (m) | 0.2 (m) T (deg)| 7 (deg) |

Table 4: Forced oscillation test conditions

surge SWay

period (sec) 12 14 16 | 15 17 19

amplitude (cm) 4~28 | 4~28 | 4~28 | 4~28 | 4~28 | 4~28

temp. (C) 15 15 15 15 15 15

v #10°° (m*/sec) 1.4 | 1LY 114 | 114 | 114 | LH4

Ke 2~14 | 2~14 | 2~14 | 2~14 | 2~14 | 2~14
Re*10° 9~15 |1.8~1311.6~12]1.8~13[1.6~11]1.4~10
5 1054 | 903 | 790 | a3 | 74 | e
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Exy.
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1 ..

Nl(f) = EpC.ﬂSlelel (110)
1 ..

Ng) = EpCazSzleXﬂ (111)
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Fig. 34: Estimation of error of the present method (

time series fitting method)
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Fig. 35: Comparison of damping coefficients esti-
mated by invariant imbedding method and one by

the present method ( time series fitting method)
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Fig. 36: Added mass coefficient estimated by forced

oscillation test
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Fig. 37: Static mooring restoring force identified by
the present method ( time series fitting method)
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Table 5: Each identified coefficients in motion equa-

tion

| L linear nonlinear .

| inertia damping damping restoring
uit | ke N/ (m/sec) | N/ (m/sec)’ | N/m
surge | 1.9X10° 4.3x10° 3.0x10¢ 6.4x10°
sway | 7.9%10° 5.4X%10 3.0x10¢ 4.4%10°
heave | 9.5%10° | 1.6X10° 4.5X10°
unit | kgem’ |Nem/ (/sec) |Nem/ (1/sec)?| Nem
roll | 7.8%107 2.2x10° . 1.0x107 8.3X10¢
piteh | 1.4X10° 1.8X10° 2.7x10° 2.6%10
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Fig. 54: Gain, partial and multi coherencies among
surge motion and surface elevation, instantaneous

wave power and wind speed
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Table 7: Principal dimensions of the model and
full-scale structure

WME(1/2) | (ERRE | ® #
1.2 m | 300 m| 30.0

L m
B 0.8 m 20,0 m 20.0 m
D 0.54 m - 13.56 m 13.6 m
d 0.22 m 5.5 m 5.5 m
A 32,936cm? 514.63m3 | 514.63m?
KG 27.2 cm 6.79 m 6.48 m
Kxx 39.9 cm 9.98 m 9.8l m
Kyy 53.1 cm 13.28 m 12,86 m
Kzz 59.4 cm 14.85 m | (14.85 m)
Tk BE 166.4 cm 41.6 m 41.6 m

AT B ©  EXP.InRES.WAVE
MRV Be o |[— AL [thw=10m)
= === CAL. J(Hw=S0m) == CAL. by Eq(6)

* (Hw=3.0m)
o ‘\}&%"‘“\ o %m

—— CAL. [{tHw=10m)
-=- CAL. [Hw=50m)

d
A’ I SURGE __|MODEL
bt ° %= 0° =
A > EXP.in|iRR.WAVE P

X/
/;/

53 010 015 020 faiz) 025 Q05 010 015 020 fuz) 025
HEAVE __|MoDEL HEAVE | POSEIDON
< x= 0° “ z=0°
@B EXP.in|IRR.WAVE @ EXP,
©  EXP.InfREG.WAVE 4 — CAL. [tHw=10m)
— CAL. [(Hw=10m) N == CAL. [Hw=5.0m)
| --~ cAL. |tHw=50m) 7
1 T
o
i3 k
010 1S 020 {7y 025 005 010 015 020 fuz) 02
30p—f+
PITCH _|MODEL L PITCH  JPOSEIDON
20 %= 00 2 Z=¢°
@2 EXP.in|IRR.WAVE D EXP,
©  EXP.inRES.WAVE ~ cAL. |tiw=10m}
— CAL. [Hw=10m) ~-- CAL. [Hw=50m)
o “oo CAL. Jwssoml | | —=CAL. lby Eq i€y
) (Hw=20m)
Sseal %’%a
[ i ol
005 610 015 020 foiz) 025 005 010 015 0.20 finz) 025

Fig. 56: Amplitudes of response functions of surge,

heave and pitch
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Fig. 57: Amplitudes of response functions of sway,

roll and yaw
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and simulation
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Fig. 61: Wave spectra used for model experiments

Table 8: Statistical values of irregular waves at

model experiments
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62: Linearized transfer function of surge to ex-

ternal forces
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Table 9: Comparison of hydrodynamic coeflicients in

still water and in slow drift oscillation
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Fig. 63: Comparison of simulated surge spectra and

experimental ones
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Table 10: Statistical values of measured and calcu-
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