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Appendix F

Statistical moments of
total second order response

The total second order response can be_representéd in the following two forms:

X(@#) = /gl('r)C(t —7)dr + / / g2(m1, 72)(t — 1 )(t — m2)dmidn
(F.1)

or

= i(c; + /\gW;)W; (F'2)

i=1
From Eq.(F.2) the expected values up to third order are given as follows:

E[X] =) MEW?+) «E[W)] (F.3)
E[X? =Y aEW:W;+ Y ) EW; W] (F.4)
E[X%] = Z cici BIW; Wi Wil + ) cidjex E[W, W7 W]

+ 3 X EIWEW; Wil + ) Aidjer E[WZWEW,]

+ > e M EW,W;WE + > cidj M E[W, WIWE)

+ ) N MEWIW;WE + ) MMM E[WPWEWE]  (F.5)

Since Wi(i = 1,...,00) are the standard Gaussian variables with mutual inde-
pendence, the following relations™ are satisfied:

E[Wi] =0 (F.6)
E[W;W;] =6 (F.7)
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E[W,‘VVjWk] =0 . : (FS)

EW; W, W, W] = 8ibu + S bju + buabjn (F.9)
E[VV,‘WjWkVWWm] =0 o (F.IO)

EWW,WeWiWoW,] = 6ij6ki6mn + 6ij6kmbin + 6ij6knbim
+6ik6516mn + 5ek5jm5m + 6ik8inbtm
+618;16mn + 518;m Okn + 6i18;nbkm
+6imBikbin + 8im0j10kn + Oim 6jn it
A0inbik0tm + 6inb510km + Oinbjmbpt

for 4,4,k l,mn=1,---,00 (F.11)
where §;; is the Kronecker delta. o .

Using the above relations, the mean value X or E[X], the variance 0% or
Var[X], and the skewness (/f;) are obtained as

X =EX=)x | " (F.12)
% = Var[X] = E[X?] - X? =Zc?+22)\i2 -(F.13)

VPBiock = E[X°] - 3E[X?|E[X] + 2(B[X])® =8) A} +6) cIX |
(F.14)

While from Eq.(F.1) the expected values are written as:
E[X] = ]dn /drzgg(rl,Tz)R¢(7‘2 - 71) (F.15)
E[X?] =/d7'1/d7'291(7'1)91(7’2)3;((7'2—Tl)

-F'/'d71"°'/df492(71,72)92(7'3,”'4)

X[R¢(r2 = 11)Re(7s — 73) + R¢(12 — 73)Re (11 — T4)
+R¢(m2 — ma)Re(7s = 1)l

E[X3] /dTl /dT«igz(’fl, 7'2)91(7'3)91(7'4)
' X[GR((TS — 11 )Re(m1— 1) + 3R<(7'2 — 11)Re (T4 — 1-3)]
+[/ dn /drggz('rl,rg)R((Tg -n)P?

+/d71"'/dTeyz(leTz)gz(Tsy 74)92(75, 76)

x[6R<(T2 - TI)RC (Te, bl -T3)R4(T5 - T4)

+SR((T3 - Tl)R((T.S - 7'2)R((TS - 7'4)]
(F.17)

(F.16) |
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Transforming Eqs.(F.15), (F.16) and (F.17) to frequency domain we get:

X = /de'g(w, —w)Se(w) (F.18)
% = [ale@Psw
+ / dun / dun| (w1, w)2Se (w1)Se(wa) (F.19)

N/ / dun / dun G (—w1)G1 (w2)Ga(wn, wa) S (1) (wa)
+8/dw1 /dw2/dw3'G2(w1,w2)G;(w2,wa)G’g(wg,,—wl)
 S¢(w1) S (ws) S (ws) | (F.20)
where * denotes the complex conjugate.

Cross and Auto spectra

Take the cross correlation function between the nonlinear response process X ()
and the Gaussian wave process {(t) as follows:

E[(X() - X)(t-7)] = / drg1 () BIC(t = m)C(t = 7]
+ / dny / draga(rym)EIC(t = 11)a(t — 7)C(t = 7)]

~XE[((t - 7)] | (F.21)

Since the wave process is defined to be zero-mean, the last two terms are zero.
Thus:

E[(X(1) - X)((t—7)] = / drygy (n)E[C(t - 1)C(t = )] (F.22)

This means that the cross spectrum involves only the first term in the func-
tional series (F.1), and thus that the linear transfer function G, is derivable by
standard cross spectrum technique by Fourier transform Denoting the cross
spectrum as Sx¢(w); then we get

Sx¢(w) = Ga(w) - S¢(w) (F.23)
Next, taking the auto correlation function of X(¢):
E[(X (1) - X)(X(t+7) - X)]
= /dv‘l /d‘T‘ggl(Tl)gl(Tg)E[C(t - )(t+ 7~ 7))
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+/d7'1"'/47492(71,T2)92(73,T4)

xE[{(t = 1)t - )+ T = 73)((t+7 — 74)) _
-X? (F.24)

and using the factorization relation” for higher order moments of Gaussian
processes as:

E[X1X2X3X4) = E[X1X2]E[X3X4] + E[X1 Xs)E[X2X4] + E[X1 X4 E[X2X3]

(F.25)
we obtain
Rxx(r) = /d’rl /d7291(71)91(7'2)R((T'+ T — Tg)
+ /dTl e / d’f492(7‘1,>’rz)92(7'3,7"4)
X[Re(T+ 11 — m3)Re(7 + 72 — 74) )
+Re (T4 71 — 1a)Re(7 + 12 — 73)] (F.26)

The auto power spectrum is the Fourier transform of Rxx and is computed
from the Wiener-Khintchine relations as

Sx(@) = [G1(w)PSc(w) +2 / |Ga(w — v, 1) Se(w - v)Se(v)  (F.27)

111

(499)



112

(5000

REFFERENCES IN APPENDICES

[1] Ogilvie, T. F.: Second-order hydrodynamic effects on-ocean platforms, Proc.
Intema.tional Workshop on Ship and Platform Motions, 1983.

[2] Dalzell, J.F.: Cross-Bi-Spectral Analysis : Application to Ship Resistance
in Waves, J.S.R., vol.18, 1974.

[3] Standing, R. G., Dacunha, N. M. C., Matten, R. B.: Mean Wave Drift
Forces: Theory and Experiment, NMI R124, 1981.

[4] Watson, G.N.: A Treatise on the Theory of Bessel Functions, Cambridge
Univ. Press, 1966.

[5] Kac, M. and Slegert A.J.F.: On the Theory of Noise in Radio Receiver with
" Square-Law Detectors, Journ. Appl. Phys., vol.18, 1946.

[6] Courant, R., and Hilbert, D.: Method of Mathematical Physics I, II, Inter-

scmnce Pub 1962.

[7] Cramér, H.: Mathematical Method of Sta.tlstlcs, Princeton Unv. Press,
1946. '



A
11 X
0O > WAVE
Em __iz / : J \ /\\/
2] O T s I R i
Y
A
@ (N P /‘)
EIR A

=4 &J &J QP

Figure 3.1 Configuration of a floating structure

and the direction of incident waves

e

Wire rope

-

oN®

\Nﬁ

Servo Needle
Wave Probe

Figure 3.2 Set-up of model test

113

- (50D



114

30
20 f’ ;

~ ,'/ “\\

gw A

Q, /// /.\. \\\ ,(_:Q_
o of BN S
Il \\\\~ total \\_‘ \ﬂﬂ

h \\\ /ar""\_\_@_
-1.0 ‘-\ ~
. . N/ ]

20555 10 15 Kr2.0 25

(1) Surface elevation tera
(2) Quadratic pressure tera
(3) Structure displacement term

(4) Rotation of force vector

1.0
B R hle Ry (2)
,:I},'"‘“\\ ,
— .
0 . =y
~ B .
ia \\) I —
a \ v total
g -0 q
= | 1 e ()
o Q-
X \ 2
e (U
...29 \.:7 4
=% 05 10 15 20 Kr 25

Figure 3.3 Components of the computed mean second
order forces of a half sphere

I- Tn

Xn-3

o> >
L <
it

X 1
) b Xn-2

T T T T T T T T

-->TIHE

Figure 3.4 An example of the surge decaying motion
(502)



115

Ixn—1"xn-2 o -
n-t7Xn-2| . [Kn-t-Xn
Lo 40—
SPRING COEF, =1.683 =2 Kaim . SPRING COEF=5.09+2 Kg/m
20} ‘ : 200~ ' o
@]
o
& \ 052 , 0.47
)] SRS ~ /] |
20 40 cm 20 40 com
|Xn_.Xn-1 I : Ixn*xn-ﬂ

Figure 3.5 Extinction curves of surge motion

/N\:’
02F o
o o Free oscill.
test
0 °°§
7% o e
o ';.goo 05 ©°
or ° Oo o8 °
© © °
[o]
0% 4
-0l ©°
: 1 |
0 005 : 01 o
1-(Memu)w K
6
31
()
--g8 0 8 ©
(R %Ewgéobo o
[¢] \\&O
-3 |- ° 0 b\\
o \»
~
-6 - E Potential theor: \
0 | 5 |
00 01 75

Figure 3.6 Added mass and damping coefficients (frequency base)

(503)



Qs & = 0.0429 Mt/ M
005 |
Free oscil. ok o o N
@] O -
0025 |- I '_\" _3~07f“o_t§n—ti—c|ﬁ%;of
N J B L L

Figure 3.7 Added mass and damping coefficients (Kcnumber base)

AV E
S g(&)) W
(cm?sec)
Wave .
Condition | Lines
1 ......
10.01 2 —
B 3 "
/ \ ' 4 S
50+
0 l . \~ .
0 5 (), radisec
L | L r N
—
0 02 04 06 o) 08

Figure 3.8 Wave spectra

- (504)



Sx(@)

X 102 (cnsec)
20 :
SURGE
1.5
Wave .
Condition | Lines
. 1 ......
2 —=
3 i
1.0j- 4 ] —
Jooie g | ]
(U~ radisec 50
0 02 04 é\) 06

Figure 3.9 Surge response spectré.

—~180

[

117

deg.
B . ‘° Phase
| ] I |- | | |
g geo
L. ° o
SURGE Amplitude
° .
o EXP.
B —— CAL.

| | | 1 | i |
0 01 02 03 04 05 06,07 08

w
Figure 3.10 Linear transfer function

G1(w) of surge motion

(505)



118

04 DRIFTING FORCE e

[ J
__________ } X =0 il

o)
r~
: Irregular waves 'IO "'g‘
- o)
o H/IDK0.5 | Regular ISy
Y e H/D>05 [ waves |
' : 1
Q2 - Theor * !
102 Y | ,
S . ==== Theory(corrected by I
1

viscous effect)

011
TN . o
| | | 89, 1 | © |
Oo 01 02 03 04 8.5 08 g

07 08

Figure 3.11 Longitudinal steady drift force in head waves

05
=l 05
x=30° %=60°
] —
~ — CAL. 0
2 © EXP.(H/D<05) S, Cal.
Y : - | O Exp(H/ID<O5)
S S -
2 | 2
o ' ' o O,
% ©05 10 ) 0.5 .0
co a
Figure 3.12 Longitudinal steafy drift force
in oblique waves (x = 30°)

Figure 3.13 Longitudinal steady drift force
in oblique waves (x = 60°)
(506)



119

o
&2

DRIFTING FORCE
X =90°

o:'_]
"é Cal.
DL © EXp(HiD<05)
=}
P
% ' 05 0

Figure 3.14 Lorgitudinal steady drift force
in beam waves (x = 90°)

- ® =0.5254

Fd/05paCL
o
N
]
N
o

N

0 0}5 10

H/D
7cm

Figure 3.15 a) An example of wave height effect to
steady drift force in head waves (@ = 0.5254)

507 -



120

w = 0.6383

-
w .
:'U /
[ _
0.5 H/D
. | w = 0.6196
A 1.0 10— 1.0~
&
~ (o)
S05 T 05 0.5~
L L e"t—0 ot
05 HD . 0.5 H/D _ 05 H/D
| u) = 0.8073- | w=o0.8759 : w = 0.6008

==
o
l
:-l
o
|
wndy
o
I

Fq / Pg D 2
o ) |
o
B
.‘ (o]
O °
° _
o
|
(@]
Lo
l

~5HD o5 HD 0.5 H/D
- w = 0.7510 | e-oesm | - 0.5632
%10—- 10 | 1.0~
] e t" "
05 H/D ~ 05 H/D 0.5 H/D

* Figure 3.15 b) Wave height effects to steady drift force in head waves

(508) -



COMPONENTS OF DRIFTING FORCE

121

(3),(4)
0 ‘ =
=~ - \ ‘/~~\\ N /
T NN A2
\ e ~X
i "
—001 — X = O° \‘ . I‘ \\
- \
N
\‘ 'I - ‘\“Q)
"02—' Vo \
e
0 3 b(l) Surface elevation tersm
* (2) Quadratic pressure term
(3) Structure displacement teram
_0.4_ , (4) Rotation of force vector
' I R
0 0.5 ~ 10
w
Figure 3.16 Components of steady drift force in head waves where 7 is half of
the length L
1.5
B \
viscosity \  BREAKING
\  WAVE LIMIT

H/a=014

potential

| |
02 D/7\ 03

0o . 0.1
Figure 3.17 Comparison with viscous and
potential components of drift forces
to a vertical cylinder

(509)



S 122

, Reat Imag,
0T =" . 0304 7 T T T NN
asoe U=\ Y L B SN
50 g AV AN T T = ——— [ LT
W ~pe 4 y wj - (250
= = 7/ MZOEN\A
011 |/ Al oenpt /1 11 PR
- nEEp =i = camil
osiaff | ‘\9’2/ 7 L o.513i\\ i T
o / - N AN o«
0.415 ] 0.41 AT
0.318 | o310/ LA
(X - ;/& // \ v‘:.d’
0229 \ = A e N \§Z 0220 —ed | |1 HNIE
20 03B 045 0S8 061 078, 0805 0904 020 038 045 05 O6f 0709, 0B06 0904

Co; wi
Figure 3.18 Quadratic transfer function of slowly varying drift force obtained
- from numerical calculation '

(510)



Amplitude

~
AW =0.0244

04 .
((ARYARYZ]
286=0.0733

:;{.J_\ ———
I \.-\.~_/T/“\ A_————y’/z

0 0.2

0.4 0.6
(ARIANYY!

485=0.0977

(Ot C32)/2

123 -

180
1 I |
0.2 0.4 0.6
(6302
-180—
180259
Aw=0.0489 ‘/\-\\.41/\‘4_:_——-
1 ] i
] 0.2 0.4 0.6
L.. (6-\)1+C,L\)z>/2
~180
180559
286=0.0733
]
0.2 0.4 0.6
(c’?)woﬁa)/z
-180— )
1802
4=0,0977
1 /*T‘/
0.2 04, . 06
: (it E32)/2
-180—
................... vave condltlon 1
IRR. | —mimmeemn vave condlitlon 2
EXP, | —=————=—~- vave condltlon 3
vave condltion 4
potential Theory
CAL. | s e e corrected by
vilscous effect
[ Newman Approx.,

Figure 3.19 Comparison with expérimenta,l and numerical results on the quadratic
transfer function of slowly varying drift force

(511)



124

Kll/Dgaz

1.0
Cal. by Takagil and SaitolS)
O Cal. by present method
‘HL Wave . '
Condition | Lines 0 e vae N |
20l {EDE R 5 10 15
g ;——— X _ ) T'=1 Vg/a
4 -
from FREE | -1.0-
OSC.TEST .
1 O Kg3 / P g a2
0.5 Cal. by Takagl and saitol®) .
o] Cal. by present method
s w18
0 | f 0 I

~-0.5L

Figure 3.21 Memory effect functions
of a half submerged sphere

-180— L ‘ ngg(e) / BV
0 0.05 N .
- ‘ AN . 30,
Figure 3.20 Frequency response function
Hp(w) of surge motion to external
forces
i 251 o
o© %o o o o o
2 04
, . ‘ KD
1 2 3

Figure 3.22 Heaving added mass at w = oo
of a half submerged rectangular cylinder

(512)



125

WAVE CONDITION 1

Surge
-3l
1. 00 1. 00

.......................

_] EXP -
Gg }«WIM‘\W‘?%{F&MW&\“\‘N‘J.’k;%ﬂ}#ﬁW@kﬁ%ﬁ}lﬁ%ﬁhﬂﬁwﬁ/‘{* i mﬁ wﬂ{

..........................

L. oo 20.00 40.00 €0.00 0. 00 00. 00

"

Wave
=
i
=
=
==
—T s
gl ==
I8 ﬁi B
=
==
—_—
=
=
?-*-._—g
=
=
s Smpe——
=

...........................

.........................

Surge
=
=§'.;_Q
,,;;E_
-
=
=
=
—
A =
X =~

Surge
S
=
%
=
=
e
=
S
=
=
=

..........................

8
“b.00 20.00 40.00 €0.00

S it

.00 . ' 120,80 40,

. -->Tine  ~10'

Figure 3.23 Comparisons between surge simulation results and measured ones
on the floating body which is moored by linear springs (Wave conditions
Nol. and No2.)

(513)



126-

(514)

Surge .

Su rge

Wave

WAVE CONDITION 3

,. “k/ )
WV «\'r iy
Is

':‘5-0 20 00 40 L[] " 80 00 ’ #0.00 IOG 00 !20 00 NO nq |sn 00 mo 00 2!70 00 270 00 240 00
~=>7INE wio? (sec )

< # k

; .\/\k 4, *"\/\’\vf w\/ “'\/\N \/\ M\ A, /\/ Av‘

8

"-‘h.oo 20.00 40 o0 80 00 BO o0 ll)D 00 120 DO I(G o0 IGO 00 Iﬂﬂ OD 200 00 220 00 240. 00
~=>T1HE x10

st MMM WM{

e T T T T R e —
b. 00 20.00 40.00 £0.00 60.00 100.00 120. 00 140.00 160.00 180.08 209. 00 220.00 240.00
-=>TIHE %10 "

WAVE CONDITION 4

1=4
g T e T S —
.00 20,00 40.00 80,00 20.00 100. 00 120. 00 i (0'- 00 160. 00 180.00 200. 00 220.00 240.00
~=>TIHE = x10 .
£ (sec.)

VR i ey

o
8 .
3 T \ T T T 4 T T T T T Y ¥ T v T T T Y Y T T T T g
“b. 00 20.00 40.00 40,00 20.00 100. 060 120. 00 1 40; o0 160.00 180. 00 200.00 }?20’ 0o 240.00
o

B T T T T Al T T T T T T T ul
20 (1] 40 o (0 00 40.00 mu ou 120 00 140. 00 160. 00 180. 00 200.00 220.00 240. 00
«->TIHE - w10*

Figure 3.24 Comparisons between surge simulation results and measured ones

on the floating body which is moored by linear springs (Wave conditions
No3. and No4.)



127

s misec
e WAVE CONDITION 1 4p,  WAVE ConorTion 3
Mo i Mo
- CAL. 0.112 m’ 3 = CAL. 0 404 m’
— EXP. 0.103 m' — EXP. 0283 m’
05— 2
1
. oL\ ! !
S N 0 05 0w
! .0'5 .10 ,\ W pised N vo,z ] 04 c?) 06
, 02 0% 36 ‘ AVE CONDITION 4
20775 w 204
WAVE CONDITION 2 A
Mo Mo
-+ CAL. 0.122 -~ CAL. 2.37 ¥
— EXP. 0.120 m' — EXP. 1.29 m'
: - ! |
05 L0 W ] 05 0w
02 04 7y 06 0 02 0.4 ~ 06

Figure 3.25 Comparisons with surge spectra of simulations and experiments

w

" (515)



128

POSI TIVE MAXIMA

O\
MEAN //f\w V/\/\ /O\ /T:M\E_>

-~ NE TIVE MINIMA

O MAXIMA
® MINIMA

Figure 4.1 Explanatory sketch of a random process X (?)

1.0
e o Presented Method
b —--— Naess' Exact Sol.
a L
N
o 051
00 00 20 , 50
flo,
(a) Circular Structure
1.0¢
L Presented Method
o ~—-~— Naess' Exact Sol.
o ;
~. 0.5}
D‘ -
00520 50

f/of
(b) Rectangular Structure

Figure 4.2 Instantaneous p.d.f. of
pure second order forces

(516)



L1

———— Presented Mechod
—-— Haess' Exact $ol.

04 : /A0 WRRETEPEPR Gaussian
*0 3k 0.5¢ B
5 03 Presented Hathod o Presenced Mechod
e 0.4} - -—- Naess' Exact Sol. Naesst Es:acc Sol.
a 0.2t A N SR ST Gaussian 0.4} + Gaussian
0.3f *
L 203
01 ’D:‘ 2
L3
00 . . b > <oz
-20 0.0 20 40 6.0
x/o 0.t 0.t
(a) P.D.F. of the Slowly Varying Sway Hotion )
00 > =,
- =20 0.0 Z0 ) 60 |
0% x/o, 0.0——35 00 L 80
*/q
A Hord 3
Presented Method (&) P.D.F. of the Slouly Varying Susy fotien () P.D.F. of the Slouly Varying Sway Motion
~—-~— Naess'® Exact Sol, "
| Ny e Gaussian 10 Presented Hethod 3
o . Naess® Exact S:J.. 10 ;tesex:ud Method
~ =g , P Gaussian — Naess' Exact Sol.
¥ 10 . N
® 3 .
a | . ~.
’b\k . D"
L . L] <6 -
10 & 6°
o a
’6ID N N ‘\ . B .
4.0 50 60 70 80" -,
e X 1 16" . o
(b) P.D.F. Tail Behaviouxr 4 50 60 70 80 40 50 - 60 7.0 80
x/o x/s
) x . x
501 (b) P.D.F, Tail Behaviour } * (b) P.D.F. Tail Behaviour
4.0 e . 6.0p .
® R
A ————— Presented Method 5.0 2
= 30 — Naess® Exact Sol. o P of
> -eerenes Rayleigh Method = 40 = - .
‘= & —— Presenced Hethod & 300f " Eresented Hechod
24 ' : Naess' Exact Sol. ' 1 — .
! 0 £ 30 - R:ylaigh Hethod K3 eeee- Rayleigh Hethod
< o A 20|
% 20 I
1.0 -
1.0p 10
O 1 1 -}
200 400 600 o . , . . R , 0 . s A . . o
n B A &0 ) W0y 0 800
. wd :
(€2 n eh Highest Expecced Aaplirude . - (c) 1/n th Highest Expected Amplitude (e) 1/n th Highest Expected Amplitude
Figure 4.3 Instantaneous p.d.f. and 1/n th  Figure 4.4 Instantaneous p.d.f. and 1/n th Figure 4.5 Instantaneous p.d.f. ‘and 1/n th
highest mean amplitude of pure second highest mean amplitude of pure second highest mean amplitude of pure second
order responses(Case 1 - circular cylinder) order responses(Case 2 - circular cylinder) order responses(Case 3 - rectangular cylinder) .

62



(819

Total Second Order

Total Second Order
~—.— Pure Second Order
SR S Gaussian
oF
5 L
®
e -
x .. ~2
* 0} h
1G% . -,
0.6 50 &0 70 80
x/o,

Figure 4.6 Statistical interference between first

(b) P:D.F. Tail Behaviour

30 ,'4 Total Second Order
—+— Pure Second Order
20f 0 e Rayleigh Hethod
1.0p
[ + 360 * 700 * %0
n

{c) 1/n th Highest Expected Amplitude

and second order responses for

heavy damping(Z- = 1.36 and £ = 0.1)

0.5¢ -
o ‘Total Second Order
/ \ —-— Pure Second Order .
04 fam ctrece-s Gazussian .

0055606, 30 40 80

Total Second Order
Pure Second Order
Gaussian

W00 50 I (s N
x/a,
(b) P.D.F. Tail Behaviour

Total Second Order
~—--— Pure Second Order
------- Rayleigh Method

0 700 700 500

(c) 1/n th Highest Expected Amplitude

Figure 4.7 Statistical interference between first
and second order responses for

medium damping(Z- = 2.9 and & =.0.006)

O.S’— .
. T Total Second Order
04 — -~ Pure Second Order
. Gaussian
DX
~ 0.3
=
<
a
0.2
01

00— a5 20 I %o

Total Second Order
——--— Pure Second Order
""""" Gaussian

§1¢ L . N1
10,6 505 50 70 B0.

5.0r
o 4.0
~
~
>
o 3.0 Total Second Order
£ 3 — Pure Second Order
,5" 20 * Rayleigh Method

1.0}

) \ s s N ;-

. 200 400 600

n
{c) 1/n th Highest Expected Amplitude,
Figure 4.8 Statistical interference between first

and second order responses for
light damping(‘f;;- =4.96 and & = 0.0001)

08T



(619)

— Pure 2nd Order
Mas
-------- Total 2nd Order) axina

361
-—e— Pure 2nd Order -
w0~ Total. 2nd O:der) Hinima
m e Rayleigh
=
o
2
i
1
<
—
<
~-t
% 26
22r
ooT 007 003 004 005

(a) 1/10th Highest Expected Amplitude

VS. Damping Coefficient(w;=0,1 rad/sec.)

Pure 2nd Order Maxima
....... - Total Znd Order} e

3.6
——o—— Pure 2nd Order s
[ o Totsl 2nd Order Minim
.. Rayleigh
_ 32
%
©
4 L
~
s
t
PO A
=
g
s 2.6F
=
221
N . . : : ;
-0.02 0.05 0.1
W,

(b) 1/10th Highest Expected Amplitude
. VS. Natural Frequency(x=0.06)

Figure 4.9 1/10 th highest mean ampﬁtudes
V8. damiping coeflicient and nat-
ural frequency

2
a
€
% °
Presented method a
————— Gram-Charlier. exp. z
— - - Gauss p.d.f, E
> 20 ﬁ
- Q
» ©
s o
a b o
z ¥
= .i "
w10 1
a o L
° K
4 K
e /4
° { Il { 1
-6 ~4 =3 -2 -3 0 1 2
Xrdk,
1) weve wondizvion 2
%
———— Presented method
20 -- Gram-Charlier exp. =
> e — Gauss p.d.£. b
= 7 P<
& 7/ V/ A\
=
= g
= 1o i o
2 / \
% pA
4
a
o L 1 1
6. -§ ~4 -3 -2 =1 ) 1

X/S%,

2) wave ocomaizion 2

Figure 4.10 Comparisons between observed
histograms and estimated instantaneous
probability density functions of surge

motion (Wave conditions 1 and 2)

*
——— Presented method
20 Gram-Charlier’exp.
— -— Gauss p.d.f.

10

° s 4 3 2 [ 1

Xk,
B3) weawvae comndition 3
*® .
Presented method

‘20 F —m—— Gram-Charlier exp.
> ~—«— QGauss p.d.£f.
w
I3
o
[~}
» /\
ot o
2 A0,
-~ 10
3 AT
- A
3
<
o,

° 4 -3 2 1 ) 1
Xrle,

4y weawve condictciomn <

Figure 4.11 Comparisons between observed
histograms and estimated instantaneous
probability density functions of surge
motion (Wave conditions 3

IeT



132

(520)

Probability densities

Probability densities

WAVE CONDITION 2

WAVE CONDITION 1
Presented mecﬁ_é.; Presen.ced meth
~~~~~~ Cram-Charlier. Tt Gram—(lin.arlic:'
0.6 —+-— Rayleigh p.d.£, 0.6 —-— PRayleigh p.d.{
0.5 0.5
0.4 0.4 ~
’ - e s .
. [X \, ; 1
0317 1\ 1\ 0.3 |
NN
N\ :
0.2} N\ 0.2 !
! A\ G /
y X i
0.1H Y 0.1
! \-\Q\ [ h
- 3 ~ N
b Py | NN
X 1.0 2.0 3.0 40 50 X 1.0 2.0 3.0 4.0
y/oy y/oy
WAVE CONDITION 3 WAVE CONDITION &
- Presented method Présencedmecho
------ " Gram-Charlier -~---- Gram-Charlier
e~eee— Rayleigh p.d.f. —-— Rayleigh p.d.f.
0.5 0.5
0.4 - B A
0.3 Lo 0.3
0.2
|

3.0 4.0

X 1.0 2.0

3.0 4.0 5.0 X
yloy . v/a

Figure 4.12 Comparisons between observed histograms and estimated max-
ima probability density functions of surge motion



6 . R
o
¢
N
[
. Bz — | Presented method
m 20 e Gram-Charlier exp.
—~+—| Longuet-Higgins
1 L Measured
PN ! L L
TR 200 400 600 N,

wave condition 1

«
¢
~N
ﬁz"'
N 9 L ———— | Presented method
= -t - Gram-Charlier exp.|
—— -~ | Longuet-Higgins
1 o Measuxed

] 1 i |

"x/./lz;l 500 400 600 N,

wave condition 2

Figure 4.13 Comparisons between observed
extreme responses and estimated
ones (Wave conditions 1 and 2)

133

~

lg

~

" -

Nz 4 | Presented method

= e R Gram-Charlier exp,

. ——+~— | Longuet-Higgins
1+ ! [ ] Measured
PN | | !
1 100 200 300 Ny

‘wavé condition 3

™~
§
N - _
e / T Fresented method -
N Gram-Charlier exp.
=] ——-~— | Longuet-Higgins
1= o Measured
Ky sl - L L -
1 100 200 . 300 N P

wave condition 4

Figure 4.14 Comparisons between observed
extreme responses and estimated

ones (Wave conditions 3 and 4)

(5621



134

N

N

0 g"&\by\( z

Figure A.1 System of coordinates

Figure A.2 Relationship between S and Sy,

(522)



135

<—1— INSTANTANEOUS WAVE

SURFACE
= A \
AN vV

. WAVE PARTICLE
D VELOCITY
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and instantaneous free surface

(523)



