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Estimation method of slowly varying wave drift force acting
on very large floating structures

by

Shunji KATO, Yasuhiro NAMBA and Hiroshi SATO

Abstract

It is important to estimate slowly varying drift forces on very large floating structures (VLFS), since

it may be happen that slowly varying drift forces would have frequencies close to eigen frequencies
of VLFS-mooring system. Considering with real seas, we should estimate slowly varying drift forces
in multidirectional seas and, to carry out such estimations numerically, we may need large effort
because of hydroelastic behaviors of VLFS. Firstly, we shall propose a method to evaluate slowly
varying drift forces rather easily even in multidirectional seas. We show that it is possible to neglect
contributions from bottom slopes of VLFS to slowly varying drift forces when deflections of VLFS
are small compared with wave amplitudes. We validate the present method with model tests in long
and short crested irregular waves.
Finally, we estimated slowly varying wave drift forces on so-called Mega-Float Phase II Model with
applying the method, i.e. with using measured relative wave height, and also we attempted to
evaluate the incident wave from relative wave height. That is, this report shows the possibility of the
estimation of slowly varying wave drift forces on VLFS from the incident waves.
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Fig. 1: Coordinate system
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Table 1: Principal particulars of the model(VL15-
Prototype)

length L 1200 [m]
breadth B 240 [m]
thickness d: 4.5 {m]
draft d 1.0 [m]
flexural rigidity EI | 4.54x10° [kgf-m]
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Table 3: Principal particulars of the model

- L=] L | 48 [m]
L) b 1.0 [m]
Bz d | 75 [mm]

Bk d 15 [mm]
ghVFMitE  EI | 81.8 [Nm]




e iRt £ EAT@E $3% HBa45 (ERISHE) &

Table 2: Calculation condition
water depth h 20 [m]
incident wave period T 15,10,5 [s]
incident angle (] 0,15,30,45,60,75,90 [deg]
flexural rigidity EI | 103,102,107}, 1,10,102 x (4.54 x 10°) [kgf-m]
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Fig. 2: Steady wave drift force due to (the 1st + the 2nd term) and the 3rd term of eq.(20)(T=>5sec.)
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Fig. 3: Steady wave drift force due to (the 1st + the 2nd term) and the 3rd term of eq.(20)(T=10sec.)
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Fig. 4: Steady wave drift force due to (the 1st + the 2nd term) and the 3rd term of eq.(20)(T=15sec.)

(391)



10

Measuring point of
relative wave height

x }L2 0 b

b/2
n |F, F, b7

Measuring point of force

Fig. 5: Measuring points of relative wave height &
force
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Table 4: Test conditions (Peak freq.: 1[Hz])

CASE | AA | S

[deg] | [cm]
1 30 3.40
2 30 3.64
3 60 3.47
4 60 3.73
5 90 2.42
6 90 2.59
7 0 3.34
8 0 3.39
9 0 3.27
10 0 3.50
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Fig. 6: Each component(F;, Fy, M.) of a slowly varying drift force in time domain (CASE1)
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Table 5: Comparison of measured and calculated
slowly varying drift forces (x-component) with

ARG TR U 7o KA S R FHEEIC K D E
FELUREBERA L. REEMUEFENSKD SN
I EMER OB EIT> 7=,

square roots of their standard deviations

CASE | RiEfH (A) | HEE (B) =4
VN VN | (B/A)
1 0.470 0.435 0.926
2 0.549 0.524 0.954
3 0.410 0.394 0.961
4 0.439 0.438 0.998
7 0.666 0.687 1.03
8 0.691 0.709 1.03
9 0.657 0.685 1.04
10 0.735 0.767 1.04

Table 6: Comparison of measured and calculated

slowly varying drift forces (y-component) with

square roots of their standard deviations

CASE | Ef@ (A) | 3tEE (B) =4
VN VRl | (B/A)
1 0.648 0.598 0.923
2 0.686 0.645 0.940
3 0.934 0.848 0.900
4 1.08 1.02 0.944
5 1.00 0.983 0.983
6 1.11 1.12 1.01

Table 7: Comparison of measured and calculated
slowly varying drift moments with square roots of

their standard deviations

CASE | JIEf#& (A) | 3H&4#E (B) =4
VNml | [VNm) | (B/A)
1 0.668 0.640 0.958
2 0.774 0.744 0.961
3 0.968 0.890 0.919
4 1.16 1.14 0.983
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Fig. 7: Measuring points of relative wave height &
force
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Table 8: Principal particulars of the model

R L 10 [m]
& B 2 [m]
=82 dy | 0.07 [m]
Bk d | 002 [m
fFHIE  EI | 7623 [Nm]

FIRST FACE
e

w2

o)

Q=

CE :

ZE 985 1 |breakwater| | ™

cE—=Z__ I =

= WY, —

= model

O E(Unit:m)

m = T e T oy ey L
29.7

wave dissipating layer

Fig. 8: Plane view of the model in the water tank
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Table 9 D 17 ED TH 5. {EL Ty, Hy/3, Smax, 0 13
HELAFEOE—7 A, HHEES. HrRPE,
FHEERTDHDET S,

case 4 MFPAITDNT., FHER (25) KUREE
firi 53R & N ZBEFAH S 0.5[Hz] B LD
ARG RN D O ERFEIBIS TR L /R %
Fig.9 M5 Fig.10 IR, WHD F,, Fy, M, i3Th
N surge HRIOEFREENRR S, sway HHED
ERfEEERN. kU 2 §E 0 OREAE R
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FTHEHER (25) RUNBAREMNNSRD S - &A
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EoHMETHD. ENSHIT M, F, F, 1ITD
WTORRTH D, FHPOERIIBEDIZDIT
BlNziHE 1 OERTHD. WINOREHERT
Hih, ERMESERNOEEHRS & bITRL OF
METREETETNSENAS,

Table 9: Test conditions

2[cm] in case7,8
(Tpﬂ.l[s],yl,a:{ fem) )

5[cm] otherwise

‘ case | Smax | 0 [deg] chase l Smax | 6 [deg]J
1 10 90 10 10 0
2 50 90 11 50 0
3 o] 90 12 00 0
4 10 120 13 10 30
5 50 120 14 50 30
6 00 120 15 00 30
7 25 120 16 25 30
8 75 120 17 75 30
9 | 10| 9w | — | — | —

5.2.1. FHRAKPEOEE

EAEEER AT 2 HREPEOREL R
NRBEEDIZ. BHBIRDZWEEIC, BAREMMN SR
- EFREEER NI ROE— A > FOEERE %,
HEEP RN L R AR 12 1ITRY, EL.
EREEERNRUTE— A FOXEREXE., &
BHLEEERNIRVE— A bOSYEE. BENR
VIREET, AP ROMEICBWTRIE L/BRER
OEHE EREBO 2 ROSBEEDOHRICK>TERDT D
DETE, RBEFOHFNRT. REIODIZE
ARAIIH LU TH SN BULOFEIHELER TH
AEHDTH S,

ZORMS surge HAOEEERS F, OXEH58
i3, HEEK 0 = O[deg] DIHE 1/Smax DHEEMEE
BITHDT BAN, WITHER 0 = 90[deg] TIIHTH
TINS5, FRRIC sway ARIOEEERS Fy, O
ZTEEEX I3, OB AITIL 1/Shax OHEIMEED
IZHEAL, REEOBEICIZETHEMNT 5. #0FED
BE. F, . F, OFE5E3IMEK. BEOHEIT
R X OSEMRELERT,

REMTREIHMEHBRNERET H5DOTH
. Fp. Fy EBHICEREERPTEANT ST
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Fig. 9: Comparison of slowly varying drift forces estimated from relative wave height and disp. of the model
Smaz = 00,8 = 60[deg]
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Fig. 10: Comparison of slowly varying drift forces estimated from relative wave height and disp. of the

model Syq. = 10,60 = 60[deg]
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without breakwater
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Fig. 11: Comparison of estimated values by means of their standard deviation
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Hb,
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BiRid. BB T HRRPEICEL O TKRE
<ET S,

5.2.2. BMHEIRORE

KIZ, BHEIRDOHDF/E LIZNFEITDONT, #
R DKFH BN 5 RD 1= AL BRR S O
ST —ARYT MIVER 13 IZRT. Wihd Tp =
1.1{sec]. Hy/3 = 5[cm] THH. HDOEFIAET A
90 EDHFE. HFIH 120 EOBEITHIET D, £
T EGUIBA IR L Smax = 10 . WERIIBHEIR (K
7 Alcm]) D Smax = 10 DBEITHET S, 72
BEHOSGRIEREROBETH D, WTHOR
B, BEIRIZK - TEANEBER IV E
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IZDONWTIE, HEBRYERENMEN, Zhosnl &h
5. BHBSRIIZ AR P TOHHEET 58, %
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6. RiBIERE
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O0— k72— XN EFNERW-EET—F OIUE
ERTET O T,

6.1. HEXHRAIM OB EHEBODERIEICAY
CRaL L]

AFEEIC & 0 EBRP OBRERKIC B L
B &G T SBE. AMKAENEORELE
ZHDON, HEINWIEDERERS L THRVLH DM
KB EZATH B, £ZT Table9 case 4 D
BEITDOWTHER (25) iIckD Fy, M, Z3HlT
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ZOEERS LT BE, HRENREDL DI
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T, K THREIZEBER /T HEORRICERA L &l
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7zo HXKALT—4 DEFIZEAITDWTIE Fig.7 I
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Change of slow drift forces with respect to a num-
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Fig. 12: Change of variances of slow drift forces with respect to directional spreading parameter Spax of
waves

(400)



7 LEWREMATRE B3% F45 (FRI5F) REHE 19

0=90[deq] 6=120[deg]
8.0x10" 8.0x10" -
Fx without breakwater Sw=10
Fx without breakwater ) = = = Fxwith breakwater S _ =10

“; 6.0x10" k| T T Fx with breakwater % 6.0x10"F | == Fxwith breakwater S _=infinity
= >
g s =10 E
B a.0x10"} 8 a0x10"}

2 (75)

K g
(0] -1 1
c;) 2.0x10 '+ 0? 2.0x10 -,

o (

00 =~~~ "=~ ==t ~mep === 00E 7" | Sty [ esmeimsemyr ey
0.0 0.1 0.2 0.3 0.4 05 00 0.1 0.2 03 04 0.5
Z
1.0010' - f[H ] 1.0x10' f[HZ]
—— Fy without breakwater o>’ — Fy without breakwater S _ =10
= = = = Fy with breakwater Z, o - = = Fy with breakwater S =10

o 8.0x10° |- £ 8.0x10 . mex
Z 5 ---=- Fy with breakwater S =infinity
£ s_=10 E g
= e ® 6.0x10°}

S Q.
® n
Q. -
D soxi0° q;) 4.0x10°
) o)
2 o
L e 2.0x10°F
p.
oo er ez os  os 05 00 01 02 03 04 05
f[Hz
7.0x10' [(Hz] __7.0x10'f flHz]

& 6.0x10" Mz without breakwater %’ 6.0x10" —— Mz without breakwater S _ =10
Z o7 - - -Mzwithbreakwater = BT | - = - Mz with breakwater S _ =10
:E, 2 s ---=- Mz with breakwater S =infinity
= 3] L ~
0 @

@ o s
(% 7]
e o
g 2
g )
a.
00koccimccmcgep e e o OO o e i g

0.0 0.1 0.2 0.3 0.4 05 0.0 0.1 0.2 0.3 0.4 0.5

fHz]

fHz]

Fig. 13: Break water effect for slowly varying drift forces
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Fig. 14: Comparison of slowly varying drift forces estimated from relative wave height and disp. of the
model(with break water) Smqz = 00,6 = 120[deg]
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Fig. 15: Comparison of slowly varying drift forces estimated from relative wave height and disp. of the
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Fig. 21: Spectrum of sway displacement y, sway wave force Fy on
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Table 10: Estimated natural frequency(fy) in sway motion and spring constant from measured data in 2000

date 2/24 20:00 | 3/17 19:00 | 4/16 6:00 | 5/3 21:00 | 7/7 22:00
FHES [m) 0.687 0.696 0.752 0.762 1.017
BHEBEEM [sec] | 3.762 3.910 3.556 3.524 3.878
B [m/sec) | 12.8 14.0 12.1 10.7 12.9

SEH A [deg.] 349.1 338.0 5.4 4.5 337.4
Y— 2 K [Hz] | 0.0586 0.0623 0.0562 0.0525 0.0635
INFEEK [N/m] 1.95E+06 | 2.20E+06 | 1.79E+06 | 1.56E4+06 | 2.28E+06
date 8/13 20:00 | 8/13 21:00 | 9/4 21:00 | 10/12 21:00 | 10/13 8:00
FRES [m) 0.783 0.679 0.879 0.820 0.948

A HBEM [sec] | 3.536 3.677 3.764 3.757 3.673
FIEE (m/sec) | 14.6 13.5 11.0 10.8 11.3

SER R [deg.) 354.5 352.4 12.6 8.6 8.3

Y— 27 Bk [Hz) | 0.0623 0.0610 0.0488 0.0464 0.0513
INFEE [N/m) 2.20E+06 | 2.11E406 | 1.35E406 | 1.22E+06 | 1.49E+06
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