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TAE £ Ade e FTXE airgap AHES Y& dg ALH
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pericd) & 12 SE A YARE olgd mAd M2

FRgosA Y wWEIse wAaY IB3Ee IRtk

EAZ ota Aot AR Z, 374 AH(wave slope)e] =214 AFel 1/7S
dolM =, Wi ZHaE arr AdE JheAdel Ao ol 3
AATE AAste FAEANA I =88 54l A iy EHA
7] WEog, o3 HE of&3 HIAY SIS I A9
BAgdol ol&o] ArEH. =A=E, siFFH ZFHERH i
AR7E A aHHFA Fshe AV Aok dAY AFER S
FSHY E4HS AsteE ol AREE B AAT siHeA=

IHEHA Formz, AFPFH #Bito] 2L sFHN dsiM=

mpA e g2, Wl EEA HAsE SEHSHS WEZHQ] FHIE
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THRIE o] &g AFTHN AAF AA7IH olHdt FAHES
slAdstr] 93k, 1990 th e B2 AAS 7ol gk A7
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gAstA. =, EF dATE S3e SU@ge 7HE WY
HZAQl RS #FEIHe™, ©lE New wave= Tl
AATZ AHEE AL AASATE ©o]F  Friis Hansen &
Nielson(1995)2 S Uk FHAA S F7& AA 7Msstes 4%
New wave E@-& AAISFH O™, Taylor et al.(1997)2 New wave2]
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Adegeest et al.(1998)2] HTE HEE £ 4 3t} Adegeest et

ofo
N
S
o
o

al.(1998) New waved 71de AddgHo] FHgso A3

SHgdel W ZERUS FESL, olF WML B
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7S JAEsRY. AFd 2REEe SIdSH AFS
HsideE I EF 7 H(wave drift damping force) 2 HA &

(viscous drag) & HIAE g AlFAe g nHdy Ed™

o2 s AZFYHeNAM e SAF-AFA Ao BrHom
L7EH. & dFNAe AREY e 3 AT 2FF0
Sk ARt A ZEE&F8H] Aste], 1349 FAlEH S SHl

F2 Fagolgds A 4 JEe 2o SHow Y %
e W ANSAT olE Sste] 23e BH Y Foo TP

FHolAe H TENYS FE3aL, Adegeest et al.(1998)2] Most-

N

likely extreme response 713 F-AE g o2 AAE YA SA
g RdRs Rzl SPES ARgsislen, dARE ol &3
AZEES A Aot A AIZ(full-length) s4 A& Hlm ko]
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Eol(wave elevation)E UWEIWH, A o, = 474 dAY F

Fig. 2.1 Coordinate system for wave-body interaction problem

32 SR iA AEAE EAls A3 (fluid  domain) ol A 2]

AwrAg A7 A H(boundary  surface)ollA1e]  AAIRASE

(

o7k FAFNN WIS s AMPHHE T 2L

V2® =0 in the fluid domain (2.1)

AARL z=4(xyt) 2 FAE = AFEA(free surface), =<

Jo

A4 (wetted surface) % z=-h ¥ IHE 1Bl (bottom
surface) .= TAH™, Zt BAHANA H= EZrldo] wEsfof dt=

AAEAL a3 2o
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2

68t® gai)Jrzvcp v(aq)}r%vq).v(vcp.vq)):o onz=¢ (2.2)
op 1

=——| —+=VO-VO
=il %3 l; &3
V@ -n=U-n on the exact wetted surface (2.4)
ai)=00nz=—h (2.5)
0z

2l (22)-25)N4 gv FHIIIEEE, U ATHAAA 9

AAZALE 1 MAFEAEE 2 (22)9F (23)o2HE EHI AT
F doen, HEFHAdAe AART 9A Hed zAA9

HlAdgdem Qs Hole Ay 2y HAY AAEAd=

PN
T
#3 Haw BAAzAES 47 A (calm water plane)¥t % 1

_%_
Aol diste] HAY F5(Tayler series)Z 7|5k, o9 (&
7
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® =D 4 P? (2.6)
§=¢W+g®@ 2.7)

9 Ao o0} e izt SEEUATH AFEA Folo] HAA

3k nap 'S orlsiH, ol T #AA S SIT

18CD(1)
(o290 (2.8)
g at z=0
) D A28 @)
§(z>=—i @ Lypn.ypw 1P 0P (2.9)
gl ot 2 g ot ozt )|

HYY 34 A7% 4EMS o FESE 139 SExad

W& AAZDEAE o3 2o

V2d® =0 in the fluid domain (2.10)
82(1)(1) aq)(l)
+ =0on z=0 211
ot? g oz (211)
Vol .n= g(a“’ +a® x x) -n on the mean wetted surface (2.12)
@
P _gonz=-h (2.13)
0z

A (2129 BV ==Y, 20 20 7 o =(a?,af,a) = 727 179

BALEH IJdEs HWHE Yo 4 (210)-(2.13)
Apg A AAEA 2E o A¥] AARAEAE,



FHRFAHAEEE Uro] Zol7t Jhsstth. WA, /i (stationary

ol
ol

state)©] W EO, oWS FHFHELER ZEEE thet 2ol
Edg 5 9l
(D(l) (X;t) =Re Z¢(1) (X; a)j )eiwjt
i
200 =R & (@) (k=129 (214)
i

o () =Re Y% (e (k=12,3)
i

2l (2149 V= oW FuegdRe] mE HAZIE(complex

il
Mo
i
i
fo
3
2
td
(n
lo

amplitude) S 2msl, &9 & 12} 627

V2¢® =0 in the fluid domain (2.15)
@
—’ " +g%=0 on z=0 (2.16)
0z
@
o =0onz=-h (2.17)
oz

3l ¥l E 224 (nonhomogeneous  equation) &2  YEIUYE  HS4H

2 0%/ A8, g0 et Lol wastel

ot
X,
PN
Y
o
1:,3{1
o
Y
o
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PO =g 44O 4 4O (2.18)

rlr
N
N
A
b
I

2 (218)°] ¢ 9} g0 WAdel Jabst HE 5t
AES YrlstH, o] =9 F2 FHgHelA s xH(homogeneous)
WA S ot o] A3 o] WA

9 8 + ¢ )=0 on the mean wetted surface (2.19)
an | D

2 (218)9 4P & BAL eFel o5 AAHE PA AR
195

SEEddE oA ofesh go] Badt

rr

EoxHdz, AR *F 4 AR dsHe=

4

5 =i> 0, (2.20)

2l (220)9] g kAl RE=o @9 E Fo Y3 FEEH=

PAbThel SETHAL UERIT gob HEReA  wEshe
AAZAE o et

o4

- n, on the mean wetted surface (2.21)

oldl (nunzng)> HrwolAel HAME ne WERHH, (nnsne)

Aew Aol SIXME xof ne] 9AQ (xxn)e LERATH
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s
Rt
V2d®@ =0 in the fluid domain (2.22)
Po?  ap?
+ =Qq(Xx,y;t) on z=0 2.23
T 9 = (ki) (2.23)
00 =Qg(xt)+ a(E”+am x)-n on the mean wetted surface  (2.24)
an 8 ot
@)
oo =0onz=-h (2.25)
oz
/;] (2.24)9/] 5(2) ('—(2) —‘(2),:;2))9]_ (al(z) aéZ),aS(Z))‘—C‘ Z}Zj‘k 2~]_9/]

WReEdt SHes WEHE Ushith Qst Qb AfEU

RS oulsty, Z+ AAIZZCA  ZFA|E4(forcing  function)=
2+-g-gttt Qr9t Qeoll gk 242 &3 ZTh(Newman, 1977; Ogilvie,
1983).
100® o (o*@® oW o
-= + ——(Vo®.vo® 2.26
QFgataz(at2 gazjat( ) (2.26)
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=(1) (6]
ngn-%x+(umxn)-[—a(u e XX)—V(I)(”]

ot (2.27)
-n-[ (2 +a® xx)-V |[vo®
(aél) )2 + (a?fl) )2 0 0
H=—2| 2aaf (o) +(a?) 0 (2:26)
2051(1 0 —20:;1)0{351) (al(l) )2 + (agl) )2

PN
T
Foz mAAG F F¥F Fe T AT T Fue

Qg (X,t) = ReZZ[q“’ ®,0,)8 " + 5l (% @, ;)" ")t] (2.29)

2 229)9 qi e} gl = A7 AATS Qe T FHE w@id) wpel
e FFHE (0ite)t AFITF (wie) BEY HAIEZES
uETh. 24 (222)-(2.25)9] FHHo] RE o@d] tla HPYL

1T uf, 0@ L =09 ¢@ A AATE Qe "IIIIA R

FEe AR AFRE JROE RSt tew 2o =d
Hede & % A

oA (x;t) = Re{ZZ{qﬁ‘” X 0,00 + 49 (% 0, 0 ) }} (2.30)
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=00 =Re| 33 {&" (@ @) + 60 (@), @)

L i

al? (t)=Re ZZ{ ) (@, )8 +§é§)3(wj,a4)e'(”1‘“)‘}
i1

J

wrgbA  o@o] 3k AAZAEAE bichromatic  waveol A 2]
Sttt 2y FAAIZRAEA
3

=
Aol A9 ¢ F O] gt EA

4 (230)9] g09} O(OIE ¢9 ) BT Zol 249 YA

Zeld g0, A zuld 40 9 A 2Rl 402 FgEn

I = 4 060,0) + 4 060,0) + 1 (60,0, @31

O
D

5

H
©
o
=
F{?
rlo
N
N
1o
Mo
offt
olo
fl
2
1o
o
%
_|>L
ﬂ
lo
I
b
5=
e
il
f

1
)
[
2
0
2

2l (220)F2 FoAR HFH AARD F 23 &58H
o3t AES TEFAYIH

ool 1abe] WA ZRET G AT S Ak ) =
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b
35
=
il
fru
o
o

Atk g0 3 g0 o R AFEE Y

Had BAZEAY 42 te3 2.
+ - J +) g(+
B =i(@ £ @)D &9 (2.32)
k=1
)
_(a;|+a)j)2¢k(*’+g%=00n z=0 (2.33)
7
gt
pea n, on the mean wetted surface (2.34)
2 . 0 (+ .
(@ to) ¢” +9=2-=qi’ + g on 2=0 (2.35)
)
8(?” = ag'n +g5” on the mean wetted surface (2.36)

2l (2329 ¢F = @WREFY FFos 9 ATy 50
-$=+= 22k WAt £y dlde ou|dth m=9 4] (2.35)9]
e ot ol & 44 AREW AAzRA FATSF T dAe
WA A @ O FALE e Feol 9%k R, wdTel wguo
Fol o AES yehdth Az o
Kim(1988) 2 Lee(1995)oll4 FH11& 4= it}
o|ZA I-FfA FszE EACdAY 1x 9 23 £&
Zeldo] ok AAZRPAEAVE BT AoHUD B AT

ol&1gt AAXATEAL ZolE 93le], DNV GLAIe] WADAM

X
rr

MITO A 7EE SWIMES  A839 . WADAMS  ZHA LA

(boundary element method)< ©]&3le IF-FfHx FE52§ TAE
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Folst: FAS|N ZEagoR, 1M AFEW FARAS

3= wave sources  AAIHO] EaEse 12 @ 239

b dEgeted s Ee Adsts T2, Ajtd ¥4
EHFAN AHE Tk tAl wie- wmEA e ALY F A=

Aol Itk WADAMel ALgE FA el o@ BT A4S

8- Newman(1985), Kim(1988) 2 Lee(1995) A a1k 4= o,

SWIMel A2 31423 7]H-& Emmerhoff(1994), Kim(1998) % Kim

& Sclavounos(2001)oll A %31 7153}t

Lz Mo g Eo|7l ¢EHW Bernoulli WA o 2 HE
AkE qtge] Had Sgoll Wi ARS B FATGEH Fs
T 4 ok WA 139 FAFYEH 3 OFY & 4™ 13
AEe AEs tad 2ol ALtdn.

oY
FO =— j j nds (2.37)

FO o A% 3 AT of o sjds of of of Jre 247
12}2] Froude-Krylov 33} diffraction o2 AHolsl, Z}ztol ok
Ao gew 2o,
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aCD i . iw; ]
Fi==p[ ], —-nds =Re —Ejlua)j p[[, 4 (@)ndse"" (2.38)

8CD i . 15} ]
FO =—pj jSB atD nds = Re —Zj:la)jpj LB¢[(,1)(a)j)ndSe " (2.39)

12ke] EHEE= 2] (2.37)-(2.39)¢ HAHWE ns (xxn)o& thA st

7tz wlEele HrlE @ (added mass)F  SEo M EHd=
W AZE4] ¥ (radiation  damping  force) &2 R3Sl Z}Zbo] g
PgAE HFote Aol dRbdolty. RubdwE P A E

<
T
AR Y Ast By Tt 2ol gejdtt.

A @)=L, (@)= p[ [ nAdS (k=126 (2.40)



Fq(z)zépg WL[;‘”-(Eglua;“y aPx )]2 \/1—_nazndl
oo™
_p” { Voo .v (1)(1)+(E(1)+a(1)><X)-V( o ﬂnds (2.41)
+a® xF® — pgA, a(l)( DX, +aft yf)k
M(Z)—Z [g“(l) (El)+al y— az)X)T /1—n32 (xxn)dl
oo™
_,0” [ qu(l).vq><1)+(§ )+a(1)xx) V( P H(XXn)dS

+20

FO 4 Fa @ @
Hs"H:HD)'Hx (MHS+MHD)

1 2 2
+pg| VEDQ® _Va®a7, — ZV{(%@) —(aél))}yb (2.42)

o0 @, @
ooy L, —ay Lzz]

_ 1 2 2
o8| VEPa VaPaP, + 2y (a0 (a0 f |,

@ @0 @ @ i
+oy oLy oy o L12]J

+pg|: —'(1) (1) +V'—(l) (l)+Va2 1)X Val(l)ag(l)yb]k

2l (2413 (242)°] p&t Ve A4 EAE] wisHH A dEE
omEt, At (X, y)E FAWEe WA = WA ZF A (center of

flotation)o] #HEE, Lyt FAHEY WF 2AEHEE 9w

e
o

32 ;."_.,'_';_ =77



(2)
0P s (2.43)
ot

-],

F2 o) 4B F 22 AT SEzdd o o o dre
FoAeu FRAFE T AFAEE w0l B A (2407 FLT

AsSh By RE A4 JPsEiTh Uelx) 4Rl 230e] Al xdd

oP ok Bdst TAE Qo % FAFARA Yo e gol
Al o
F;Z,D——pjj 'DndS

——pRe ZZ ], (@ + o )gndse (2.44)

+ZZ” o, a)k ¢,D)ndSe'(‘" -t

AG7tA 2708 FAEFTd ste AR T HAge] 93
b F 2 A E S A AR, S FRAY &5, £ ¢
7fEEe 33 HEES w5 7)1 (wave exciting force)o] 2hal
J3c) olH T Aol wFo] 13 F 23ko] 3F 7)Y FY ¢}

FO& thest o] Relgoh

FY =F +FY (2.45)
FO=F?+FD +F% (2.46)
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oxl
A
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_rEL

4 a5t (246)9) 7 o FoFY AE oY

_,d
A
to
)
o
=]
r {
A
N
olr
gl
v

FO St FQ 9A FagEe o o

exc

Fi2 =Re D AHP ()¢ (2.47)
i

FO —Re Y S AAHD (0,008 + AKHO (0,008 ] (.4
ik

21 (2473 (248)°] A FHEA YH 0clAe 12k YA AAE
GO o FHFEE o0 HaFS ovjsin, SIHAE AgHE
= AU E4FE 7Rt 4 (2479 HY = 6247 E &5
w3 71718 RAOE 7 AEo 2 & 63Y HWEHES 9nsiy, 4

(248)¢] HP o} HY = #7 a4 8 A+

[-o” (M+A(@)) +io(B,, +B(w))+C+C,, [HY =HY (2.49)

—(o, +wk)2(M + A, +a)k))
_ Hi =HE (2.50)
+i(o; Jra)k)(Bex +B(w; +a)k))+C+Cex
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Fig. 2.2 Plan view of the coordinate systems for time-domain analysis

e
N~
2

on

)
N
Lo
N
N’
-
— =
— 9
- =]
Sl ¢
—_
g <
e
+ =
x W
O +
+ =
Sls 23
AN i
= I
a
2 =
i NPT
©
T
-
d\l/ -|©
S .
< X
£
=
s Th
N— IT

21 (252)°] X(®)
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1™, Bwo(t)= Al mE
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2
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Ak Ryt Fue 217 ERFe) Agets WAL AT 9%

)
1
o
<
o
=
=
-

e(x_c)’ Fuwind g\‘—! Fcurr% Z]-Z}- 27-(]’9] i]"?‘-ﬁ]"{l“ E]’%

NAY, ¥z zRSES e 2xel WAl o@

>
u
.

M)

ot
n
3@
dlo
o
o
rO
ek
+
30
)

2ke] AFSE SFetEF R o FERLUAT Buoldi

Zsg o)A ANE QTFE ol gate] gt ol A4ka,

FLoM=Re> > AAHS (), )™
i ok
| (2.53)
. .
Buo () =Re>. > AAH, (@, @) ™™
TR

gugtt. F3tE  Fuwinet

}—%‘3}‘% Fcurr'x(‘): Xy'ﬁé @’E}Oﬂ/ﬂ ‘{[\‘Eé Bo]-éé]:gi X-}—%-E‘S]—L' ﬂiﬂ, é%gi,

Ao
1>
o
T
=

lw)

rlr
“
=4
St
)
v
)
O
_|
M
Ll

Zb2y S dxREEe Agd vlEstES thad 2ol
oo
1

Faing = Epairp\/vind (Uwind -Ugp )|Uwind - USD| (2.54)
1

I:curr = Epwater A:urr (Ucurr - USD )|Ucurr - USD| (255)

-~

/‘K—]l (254)'(255)91 pairﬂ' pwater‘:f‘ Z‘ILZ‘I %7]9’]‘ 6H'{[19] EL\—_]E% 9]13]’8]—11],

38



J)

S
| Y

Awindﬂ' Acurr

(2.56)

dl

Up,n - Un

Morison E}Yle] JHo =

Fve

pwaterCD,k Dk (Up,n - Un)

eI T

o
o},
L1

02

=

}

J

pul
N
=1

k

(drag area)
A
" dF,

J

1

Z(j
w0l A
NS
F=Y

k

o

1

o
x|

8

23he WEE ofn

wK

(pontoon)

TFZE(slender structure)e] 7|+ YEMHH, Ly,

)
—~

s
s

# ol

5}

A4

(2.56)2] Ne=

Al
o

[e)

R

ok
BH

=%

[€)

2] 2 (truss)

E

il

o
xr
o

no

olo

o

o
7
B
ol

s

—

__OE
)

Al ol

2 Garrett(1982)ll

Hl4dole] ARA
s A H(sea bed)ol

o

.

=i}
=
OL

!

HFA Or—xwyzw
39
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1l 4] 7 ol A

O]

4 2)5)

[e)

.

Sk, 2.5

ol&] A|A]E “‘slender rod’ ©]
[e)

A=A



ul o] AFA e 3 A A (rotary inertia), ¥ 3 74 (bending stiffness)

2 A S FASE 9, slender rod o] 2o o FoiAE

. d ar)
(m+ma)f—£(TE —j—q (2.57)

2 (257)2 s= AR WA o= o|(unstretched arclength)el]
2 HIEE U, rhe AFAGY He AXHWEHE, Ae
AFA dHdS Yepdth me AFAY w9 deld AFPd e
et ™, mee T 2old FrHEFREE AR HANIFH

HARE F7H " A Co, Cn &2 H-E ofgf o} o] AjtdE
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M, = Pyater A[Cmn N+ Cmt (I - N):|
T
v (&)
ds ds

S Aol 1= 3ael weARe ousE, Ne A

(2.58)

W] RIbEFHES Oxywze HEAZ wWdEr] 97

sy ES Yepdoh 2 (257)9 Tee AR #=

(effective tension)S Jm|3tH, o]= AA A& Ty ¢ 283+
8

AQestal o Foz HIHATD AFAM F

dv
ql = pwaterA(1+ CmN)E
(2.59)
ay = %pwater DCd VREL’ VREL = N(V _K)

REL
VI']

n n

Q¢ = 7DCpf [V{™| V™ on 7, =0

2 (259)8 wwe®t D= A7 FFolAMe ARAe] Eedeld

2As wRe] A5 ofusH, Cu Morison ¥ol BAHATE,
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A 4 ZF<2}

(o]

R

REL
n

=4
=

I

nh ke

)14 1 3} of

3]

A G HA 2k

el

d

ik

)
[an]

K

47 9

=

o

te=,

r(s,t)<

°©

A

o]
L

=
T

=l
(2.57)

5

=

Al
m %] 47}

BE

ol

—

0

+

o
Y

strain)e]  ¥A| A 0 2 HE

AFWHE o] WS A}

(tensile

=
a

[¢]

17

o

=

(2.60)

BAN e e

Tee

Foll ol
1-2v) pHS:l

°

4
[E_
A
(2.60)2] ES9} vi= 22 AlF2] Young’s modulus®} Poisson ratio

2

E

L

T

L+ =1+2s=1+

dr dr

ds ds

Al
a

)

UEFA ™, prs

fairlead®} anchorol] A ¢

AAZAL

42

Ho M EZ Fo]Xth  Anchorol A



r(0,t) =0, r(L,t)=X.(t) (2.61)

9 Ao L& AFAY HIAF ZAol(unstretched length)E LHERUH,
Xe()= ZPWE9 fairlead Yo WL E JeRAT
2 drAe fek 2ol FoHe i ddT=REY

NG BREARH QYA LFYH FoB $3tel,

of

MITO A 7atel T2 g3l SMLS AFE3¥ T SMLES SWIM,
MOTION, LINES A REZ 7AE ZZ PO F o]x
LINES EEo| AtEY ZAZ-AFA AANYLS F3s= dol

o] &%t} MOTIONS 2] (252)-(256)02 Foizl H{2 FAEL

7178 8 gEZERAHY QTFE  AAd=  WH&sta, o
NZrGA A ] FHE AEsteE BAE fFASEES AL
S5 Folo o]&3tA Hr} LINES ZELS 2 (257)-(261)F
FoIxl AlFAlel gk AupdAAS w AIFEARY Folshdo,
AFAel 2g 3 Fugs MOTION ZE2 HAgsts 98-S Fydch
LINESo] AF8E AFA FX814 78S lumped mass E2o]H, &7t
oo thE §3xFEH(finite difference  method)@  explicit time
marching scheme< &3l A4S Fo]gth. MOTIONZ LINES®]
ek 2ok A% W&
AT

rlo

Kim & Sclavounos(2001)ol A 118 <
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22 $ASAEE et FEEH HA

221 29 EHzE Fo U 1723014

[——
"o

o

Athe Aotk 2xke] EH2}

_/'I:
2z2te] =HIZF 7S 4y AA

1

LIl

22

o

HAEow FAHY,

e
B
e

2=
=Rl

22te]  EElE}

g Uk

0 ()

ANA |

(2.62)

hy(t)¢" (t-t)dt,

o
0

v =]

h2 (ti’tz)é](l) (t _t1)§|(1) (t _tz)dtldtz

o po
OIO

il

T
T

sHe UERY, host h,

514

o) 23 FAFY

9]
k=

CIRCRT0E

}<~(impulse response
Aold EH G Ad i h

o ted ze

L —
|

AN ZEE ol A

function)& <] 7|ttt

2] of| (Fourier)

3x
T

p——
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HO (@)= hy(t)e ™ dt
(2.63)
H® (Cali wz) — I:OI:O h2 (ti’tz)e*i(aﬁtﬁwztz)dtidtz

2 (2.63)9] HY(w) & HP(w,0,) E W12 2-sided RAO 2 QTFE
UetH, o= dutdog kol Fapgo] tiefAT Ao EH&= 1-
sided RAO H(@) ¥ #5394 QTF HO(@,0,), A5 QTF

HO (@) % THeel BAE W

HY(w), ©>0

TO () —
@) {H(l)(a))*,a)<0

HY (o, @,), @ >0, w,>0 (2.64)

- Hw,-®,), @ >0, @, <0
A (@, 0,) = (@, ~@,) A 2
HY (o, ~®,)", @ <0, ®,<0

HO(~a,®,)", ® <0, 0,>0

0 0

P(t)=Re| D AHY (@) +> > AAHD (0,0 )e" "
j=1 j=1 k=1

(2.65)
+ ZZ AA H® (o), _a’k)ei(ijk)t}

0
j=1 k=1
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a9, AFEZE B2 1349 YA AAY (O FEPFE

AR GRS (unit  white  noise) 0.2 TS Zo] =

¢

7Fs-3FcH(Neal, 1974).

Y= a@N,(t-7)dr (2.66)

Nw(t—7)= Th=3 2ol Hugds »xi)E ol&ste] AME 5 Ut
Ny (t=7) = 3 W, ()7,(), where [ (07,0t =5, (2.67)
j=1

2l (2.67)2 {wi}e AE 5YHI EEAT ZZAAE eI
2] (2.66)-(2.67)= 4] (2.62)° A, Y1) 12 A& vO(t)&F 23

AR YO 27 et o] mdwT

WO (1) = icjwj ®. ¢; =] [ h(z)a(,) (s +1,)drdr, (2.68)
A0 =3 S W W0 [ 707 @)K 5)dndz, (2.69)
K@.n)=] | aln-z)a, -z)h (@ 0)dndz, (2.70)
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4 2709 Kom)E o il dskel 3 A, niue7t
A2 Amsts 54E Adth g Aagrd HO}E oe

2ol K)ol ALrHE =2 gost= 2ol 7hesith

[ K@)z, @)de, =22, () (2.71)

A AY e IHEEH g0 deHeE LHXE Uen. 4
(70)S 2 (2690 tYstA, 239 S YOME TSI ol

EEAT Z2A 2 WS TR 42 EEA 238 5 ATk

0 0

YO =D YW, OWO[ Az @)x(w)dr

j=1 k=1

Wi (OW, ()45, (2.72)

TF_MS

NV,

[0

Il
UN

i} K)o LAz Fogozm, vwo)e] 72 «A
wjt)el wapgkeo] AR AL A 4 k. A vi)E O
2] 2rsiA Al d.

PO =Y eW, 0+ >4 W0 ] 2.73)

YOE A @273)% Zol WME ol&std g A2 W)
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EAZ EAS o]&3te] wi)e EA$H4r(characteristic function)S
Tkl el {Wi)pt AE SdHolM EEATEEZE WMES

g %w gomE WY EAFS Cuo)E B Lol T

iov ig[il(cle AW )J - i0(c W +24W;?)
Cy(0)=E[e™]=E|e " :HE[e }
=1
_HLC 'E Vgl v, )de (2.74)
o292

HAFHoZ Yo FELETST py) = Cu(0)e] Feloll M=

1 (= ~iy0
Py () =] Cy(O)e™d0 (2.75)

A&

_13_,11

3 3

[e)
o
FEYEPFE DR/ HE B AN AL £ ok

Y] =EWE  AYAF(moment generating function) My(0)=
S48t EHE AT Alolo] BAXC=RE offel o
Fojxitt,
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_ o CJZQZ
1 e < 2(1-24,0)

M, (0) =Cy (-16) = -

T (2.76)
1-22.0
[10-240)

So) mRlE AYPFE 0§t woe BAH EUEES 1HA

m, =i,1j, ol =3 (c?+247)

2.77)
(6c2/1. +8/13) B 48(c?/1.2+/14) (
177 J 1771 J
Ay = , Oy =3+
Ha TR
2177 my, ow, asw, aws ZZF W) W, FZWA gE 2

=g ofuah

2EU 4 QI0)T @IDE AYE 1R BAE Aol
BolRE 249 FASHFLE h(Lt) B ALk s WAR G
glovl, Belm g e BE P a) G4 FL3HA HIHA

ot FAZE Uk olHF A& AR SAskel, Neal(1974) 2

Naess(1986)= Futrd oAl QTFSE YA ~FAEHS
o] g% WA IFA EAE FEF v Utk FHFI YA
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.[:F(wl’a)2)¢j (@,)dw, zlj(/ﬁ () (2.78)

1—‘(a)l’a’z):\’S(|a)1|)s(|602|)|:|(2)(6‘)1’_592) (2-79)

o

2 (27909 S(w)yE 128 YA 0 o oA ~HEH
btk AEQ Noen,w)E 2-sided QTFE o] &3l AHomum g,
GFopre AFRE Sl BE %

[(w1,02)= 2-sided QTF] EAOSZHE o|Zu|E  7d(Hermitian

ok

PE A & 5 Ao =3

kerne)d = A AT & o, ol & 4 (278)9 ALFA 47t
. 2
(273)e] AlF v AME A" uHHEHZHEE olel o]
A A=A T}

i

I
et

BE d5olm THNE {p))t FuPe AN o

¢, =[ A @)|S(a)g,(@)dw (2.80)
5, 13 9 2% e Fugdd AT FoAAWE, ol
algaelel tie S5el A 54E sHo Hot shesi)

XL ZH= short-crested seaol] e #A= 35T Short-
crested seadll Aol I Fx] TAE JAEY Z2FHEH S(wp)e bi-

directional QTF H®(w,, ;. B,) EF-El ol e} o] AHLJHr).
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[] T(@ B, )0y, ,)de,d B, = 20, (@, ) (2.81)

F(a)l,,Bl;a)z,,Bz)=\/S(|a)l|,,6'1)8(|a)2|,,32)H~(2)(011,,31;—602,ﬁz) (2.82)
¢, =], [ A%(@.p)\5(a]. By, (@ p)ded p (2.83)
EAgS, dEUESS, ZHE So did 24 2] (2.81)-(2.83)

yE olgdtal B Wy Aol o)

(281)2 B3 o] HEgHAT

Z Zrijkl¢(a)j’ﬂl) = Ap(@;, B,); Fijkl :AWAﬂr(@aﬁk;a)pﬁ) (2.84)

j=—M 121

2l (2.84)Y Aw®t AT A FIot JAPEEFS ol4ks A&
omgttt. 9 A9 e thad 2ol CMN)x(2MN)e] W E Gml =
#3d 7Fssio
6 —r with M= @K-DM i =M, M 2 85
o n= -YM + j|k,I =1,---,N (2.85)
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)l

1E F= 7I¥oletd, d=rE

<ol

H] 7}-9-A] F(non-Gaussian)

|

q o

)

S|

A}l (approximate solution)& 4

fum A
i

5= B
SERE

o

s}

o

olJ

1

ALtd. o 2HE

HtZ o]

I
L

ol

M

‘_lryl

K

)
—
o
X

]
B
i

B

sy, 232

e

NALE

& o

471e] o] 2m

S
| .

Winterstein(1988)

B

—
o

o
0

X
e
ol
L

Y

ojp

]
(@]

(2.86)

|

A He, ,(U)

~

4
my, + ko, {U + Z
n=3

gU) =

¥ =

dn

u2

He, (u) = (~1)"e

(2.87)

du"
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o Ao Us AMEgeE e dddE EEAq ZERAXE

om3tH, Hen2 nxte A ZmE tdhalS vehith E=3F k=

rr
=&
o
Lo
bt
S}

%

W,
e
bt
R

=

S
o
)
o
e
2l
1>
o
e
I
rok
k)

K’ (1+ 2h2 + 6542) =1
oty = ° (80 +1080,1,” +36h.h, + 61, )

. . . (2.88)
tyy = K" (60N, +3348h,° +2232R7A, +

60N,* +252h,” +1296h," + 576", + 24h, +3)

Yang et al.(2013)2 919 «, h,, h, ol HF AFPAAL GFF g =
9 HAEo tidte] FXFHo=E Folste, o|EZRE h ¢ h, 9
A E B ol A AlSHA T

~

_ 3 2 3
hy = Pigy + PoQay Oy + Psllay” + PallayQyy” + PsOlay Uy
3 5 3. 2 4
t Peaq @y + P70ay + Pegllay Ay + PyQlgy Xy

(2.89)

A

_ 2 2 2 3 4
hy =Py + Pyyy + Palay” + Palyy” + Pslay gy + PeQyy” + P10y

2 2 4 4 2 3 5
T PeQay Quy + Py + PioQay Ay + Py Ay + Py

2 (2.89)9] Al po Table 2.1° A2 H AU AMEFao] A4tol

ASHE wo FAHEEIS(cumulative distribution function) Py}
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Lok

rr

= =] A~
EUEYS pw

O3 Zol 7%

4

Ry (w)=Pr[¥(®) <y ]=2[ ™) |

dr, N d
pw(w)=w=¢[g (w)]wg )

Table 2.1 Coefficients of the fitting polynomials in Eq. (2.89)

Coefficients For ﬁs For ﬁ4
P1 1.967x10* -7.210%x10%2
P2 -1.646x10 3.176x10%
P3 1.809x1072 -2.942x10*
P4 7.438x10* -1.790x10°®
Ps -9.209x10 2.348x10°%
Pe -1.366x10° 5.965x10"
p7 1.527x10* -6.282x10
Ps 1.070x10° -6.355x10°
Po 8.823x10°® -9.692x107
P10 - 1.497x10°
P - 5.457x107
P12 - 6.049x10°
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P()S] z-eFnabES T AdeFa 2 (mean-upcrossing) 1319 z-

dEFuat s gige 9uEt. 53yl I EHY

Tt Fo] i A2 Fol & (narrow-banded) Z =A% A

ol Y@M  FUgte =3 EEE(exceedance  probability

distribution)¢} A xskAl  Bo  EFHT  ZEA2 UWBY
w

3

o>
o
R

2= o] deYA dermE, ¥(1h)Y

rlo
Py
<
D
2.
=
M
5=
i

2=

3

o
o
Rl

RS gE olgstel thew gl Audt

(Winterstein, 1988).

rlo

Sy

vy (2) _VU(gil(Z))_ _1 -1 2
ve(my) v, (0) ‘eXp[ 519 (Z)}} (2.92)

A4 A w@t w@E AF voet U@l FFRLAE(-
upcrossing frequency) S 2] ] 3t}

rmel A T Fdel HUge] &

=
=
@ %+ Ak A woel oY SHel B,

o
oft
Bl
Wi
24
o
fu
1
Ay}
i)
2

Prex (2) =Pr[ max (W(0)[0<t<T)<z]=exp[-v, (2)T] (2.93)

Jev Yol FaetigEo]l W i (broad-banded) 3 H <

Z$-ol= Z3kgko] Poisson Wlo 2 wATiE 7o)l A YA



%A v} Winterstein(1984)2 o]#1d Aol dte, 33k

clustering &35 183l 93 RATSE: pE =St FAHH
Pracs OFell &} Zo] AAISH T
P (2) = Xp[—v4, (2)7(2)T] (2.94)
7(2)=1-20] ~[7ug ™ (2) | (2.95)
U= [Sﬂsz (mw)J‘iSi (a))da)]l (2.96)

21 (296)2]  Se(w)e= Y)Y SE 2HEHES UEUH, o=
AL S] ~FE-G T P(1)e] RAO ¥ QTFERH ta3 o] A4k
e cia=y

Sy (@) =|H® (a))|2 S(w) +8j0°°|ﬁ @(—p, y)|2 S(lo—u)S(|u)du  (2.97)
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N 1 2u2 u? u\/i’guz 1
u)= e 4 fl—g ’ue 2 fue2ds
pu () @{ Ji-aue 7 [
(2.98)
- m; ,
& =1
mU,OrnU,A

9 Ao g B UM FIE OAZ e eE, m, & Ul nit

18
(m
falt:)

~HEY TdlE(spectral moment)E  HEIZITh UMY =

)
1>
filo

Su(@)E A (RINE FolAE wne 2FEd oo B

d

1F=SHCH(Winterstein, 1988).

Sy (@) =(x0, )’ {su () + i(n ~1)Ih?[S, (a))]n_l} (2.99)

Y A9 [Su(@)]hE Sulw)e n-AEFAAF(n-fold convolution)<
ou|gitt. ojuf, 4 (299)ZHEH Y1) 2HEYH mdES Ut)Q]

29 RAE Aole g T AN 2T 4 A

m“=(Kaw)2:mU'1+ZH32(2mU’l)+Gﬁf(3 u1)]
m,, =(xo, )’ :muyz +2h7 (2m, , +2m, * )+ 6h; (3m, , +6m, ,* )]
m, , =(xo, )’ :mU,S +2hZ (2m, , +6m, ,m, , )
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Fig. 3.1 Geometry of the semi-submersible platform and the mooring lines

Table 3.1 Principal particulars of the semi-submersible platform

Designation Value
Displacement 143,528ton
Column diameter 29.0m
Pontoon length 43.5m
Pontoon breadth 15.0m
Pontoon height 14.5m
Draft 40.0m
KG 33.0m
Radii of gyration (roll, pitch) 44.3m
Radius of gyration (yaw) 45.9m
Surge natural period 240.0s

Table 3.2 Mooring system specification for semi-submersible model

Designation Value
Water depth 3048.0m
Pretension 1250kN
Number of mooring lines 20(4x5)
Angle between adjacent lines 5°
Designation Segment 1 Segment 2 Segment 3
(Ground section) (Mid-section) (Top section)
Length 121.9m 4053.8m 91.44m
Diameter 101.6mm 180.1mm 101.6mm
Dry weight 2112.5N/m 213.0N/m 2112.5N/m
Wet weight 1837.5N/m 55.6N/m 1837.5N/m
EA 1.04x10°%kN 0.24x10°kN 1.04x10°%kN
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Table 3.3 Spectral bandwidths in the test condition for the slow-drift motion

Quantity Spectral bandwidth
Incident wave 0.486
Difference-frequency wave exciting force 0.812
Slow-drift surge motion 0.931
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Fig. 3.8 Time series of the difference-frequency wave load (upper) and the

slow-drift surge motion (lower)

Table 3.4 Comparison of statistical moments of the difference-frequency wave

load and the linearized slow-drift surge motion

Difference-frequency

Time series (100h) Eigenvalue
wave load
Mean 2.43x10°N 2.43x10°N
Stdev. 3.39x10°N 3.39x10°N
Skewness 1.52 1.52
Kurtosis 7.53 7.53
Slow-drift surge motion Time series (100h) Eigenvalue
Mean 14.2m 14.2m
Stdev. 9.8m 9.8m
Skewness 0.83 0.86
Kurtosis 4.88 4,78
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Fig. 3.14 Panel model of the TLP

Table 3.6 Principal particulars of the TLP model
Designation Value

Displacement 52,880ton

Mass 35,290ton
Column diameter 19.52m
Column axis-to-axis distance 61.00m
Pontoon length 41.48m
Pontoon breadth 9.76m
Pontoon height 8.54m
Draft 31.42m
KG 35.78m

Length of tendons 1800.1m

Stiffness of tendons 1.817E+07N/m
Length of risers 1866.9m
Stiffness of risers 2.282E+06N/m
Heave natural period 3.1s
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Fig. 3.15 Linear heave motion RAO (left) and the sum-frequency heave
motion QTF (right) of the TLP model (R: column radius)
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Table 3.7 Characteristics of heave motion of the TLP under various sea states

(kurtosis, spectral bandwidth)

.
Hs i

6.0s 7.0s 8.0s 10.0s 12.0s

2.0m | (4.42,0.10) | (3.99,0.14) | (3.42,0.36) | (3.08,0.76) | (3.03, 0.84)

4.0m - (4.02,0.07) | (3.48,0.19) | (3.23,0.57) | (3.11, 0.74)

6.0m - - (3.50,0.13) | (3.33,0.44) | (3.20, 0.62)

8.0m - - - - (3.26, 0.53)
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Table 3.9 Environmental conditions for statistical analysis of nonlinear waves

Case No. Hs Tr Wind Current
speed speed
Case 1 15.8m 15.6s None None
(100-year wave)
Case 2
(1000-year wave) 19.8m 17.2s None None
Case 3
(1000-year wave with steady | 19.8m 17.2s 30.0m/s | 1.20m/s
wind & current

Table 3.10 Test conditions for directional spreading functions (J: angle

between two incident directions in bimodal cases)

Code Directional spreading
LC Long-crested
SC-1 cos* @
SC-2 cos’ @
SC-3 Bimodal (6=30°)
SC-4 Bimodal (6=60°)
200
I 100-year condition
. lmmmm- 1000-year condition
«é 150 ' 3
= ;o
=} ' 1
£ 100 o
2 |
g wf

1 1
04 05 0.6

o (rad/s)

0.7 0.8 09

Fig. 3.29 Wave spectra of 100-year and 1000-year sea states
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Fig. 3.30 Directional wave spectra for Case 1 (SC-1 to SC-4 from upper left to

lower right)
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Table 3.11 Statistical moments of the wave elevation at the 5 reference points

Case 1, LC Case 2, LC
Stdev./0.25Hs | Skewness | Kurtosis | Stdev./0.25Hs | Skewness | Kurtosis
P1 1.01 0.35 3.27 1.00 0.32 3.22
P2 1.19 0.26 3.22 1.16 0.27 3.20
P3 1.05 0.14 3.07 1.05 0.14 3.06
P4 111 0.16 3.35 1.10 0.14 3.29
Ps 1.08 0.42 3.52 1.08 0.41 3.47

Table 3.12 Wave crest value of exceedance probability of 10- and the ratio of
diffraction/radiation component and the second-order component

P: P, Ps P4 Ps
Case 1 . Total _ 19.5m | 22.2m | 18.1m | 20.5m | 22.0m
LC " | Diffraction/radiation | 15.2% | 25.4% | 8.4% | 19.1% | 24.7%
Second-order 24.1% | 22.8% | 16.6% | 22.7% | 30.1%
Case 2 _ Total _ 23.8m | 27.1m | 22.6m | 25.0m | 27.2m
LC " | Diffraction/radiation | 12.5% | 22.9% | 7.6% | 16.6% | 23.2%
Second-order 22.8% | 22.7% | 16.3% | 21.4% | 29.7%
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Table 3.13 Ratio of the wave crest value at exceedance probability of 103 in

the short-crested cases compared to the long-crested case

SC-4

91.4%
93.6%

92.3%
93.8%
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96.4%
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97.1%
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91.9%
93.6%
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93.8%
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set-downe] Hi 24 HAETS v#HFT o8t VPSS Tt
3, ZUWE O set-down Zs(t)St x-HEF WY X()E TS #AAALS

W=},

Z(O—X“)=§i{u+xwmf (3.11)

9 Aol u BA FaEd zRaFe @ xUF wWE

XM H#E guaAE Xeth Xw)E 1249 34 JR
27ko] AF ERHEE ARoE FAHW, dFFL SEIHY
RAO 3l QTFE °] &3 {7 XS 5
+ Stk

Set-down& 123 AL G Thedt Zol Tl

4uo=§m+240=§m+5i{u+xwmr (3.12)

+53He  Pearson A S=(Pearson  correlation  coefficient)E

A ROt} Table 3.14%= 5709 I XA AFEHE =o]2t
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Fig. 3.36 Surge motion (left) and set-down (right) of the platform in Case 3
(long-crested, tendon length: 1500m)

Table 3.14 Correlation between the surge motion and the wave elevation

Pl P2 P3 P4 P5
WEF-surge -0.55 0.23 -0.38 0.03 0.39
WF + slow-drift surge
(500m tendon length) -0.27 0.12 -0.19 0.02 0.20
WEF + slow-drift surge
(1500m tendon length) -0.18 0.08 -0.12 0.01 0.13
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Fig. 3.37 PDF (left) and the wave crest distribution (right) of relative wave
elevation at P, in Case 3, LC (tendon length: 1500m)
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Z+ZF 0.48m, 1.33m=z  A4FHETH ol HU) set-downd] 2.38me}
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Fig. 3.38 Wave crest distributions including set-down under the test

conditions

Table 3.15 Test results for the effect of set-down on the extreme wave crest

Tendon Mean Maximum Static Maximum Wave crest
increase at
length surge surge set-down | set-down 103
Case 2 500m 2.4m 31.2m 0.01m 0.97m Negligible
1500m 7.1m 58.3m 0.02m 1.13m Negligible
Case 3 500m 20.0m 48.8m 0.40m 2.38m 0.48m
1500m 59.9m 111.1m 1.20m 4.11m 1.33m
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) Linearized
60 L Nonlinear i

Surge (m)

80IOO
Fig. 4.1 3-hour time series of linearized and nonlinear slow-drift motions of

the semi-submersible platform under the same incident waves

Table 4.1 Probability of the maximum nonlinear slow-drift motion occurring

at the instants of the first 4 largest peaks in the linearized slow-drift motion

1st_2nd 1st_3rd 1st_4th Other
1% largest .
largest largest largest instants
Probability 56% 77% 85% 89% 11%
EoR AFT BRLF FVEY T o] 1o &3}
AEE gobus] kel 4543k At QA A F

st =2 O
EF+59

Hugrol WASHE A
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Fig. 4.4 Examples from the conditioning of the extreme response amplitude
(xp = 58.0m, to = 600.0s)
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2 dAFeAeE 2xe] EHE g9 STSH FHAAAY B
29 UE FE8a, ©o]E HIEOZ Most-likely extreme response
ZIHE AT £Fs0 J8F & e HEE Adstna

Tromans et al.(1991)2] New wave ©]&ol W=H, EFA 7 T2 M|~

u)el S u(t) = u FHOAS HF AL ut)d

E[u(t)|u(to):uoy u(to):O]:uoRu(t_to) (4.10)

4 (410)9] R()= u@®e A1ZadrE ovit. 3, x)=

x ()=m_ +xo, {u(t)+2h He, u(t)]} (4.11)

n=3

A m&t o A xS B FEAUXE R ofH,
xi(t)e] AF7]-FE4FsF4=(auto-covariance function) R«(t)= Ru(t)2} o2

A A& T3 (Winterstein, 1988).
R, (1) =(xo: {R a>+z<n h? R(t)}”‘l} (4.12)
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Fig. 4.5 Comparison between xm(t) and the average profile of samples
(xp = 58.0m, to = 600.0s)
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Fig. 4.7 Design wave episodes from FORM analysis (to=450.0s, x,=66.2m)
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Fig. 4.9 Comparison of design waves by FORM under two different sea states

with constant spectral density ratio
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Fig. 4.12 Comparison test results of the full-length simulation and the design

wave analysis (error bar: 95% confidence interval)

Table 4.2 Comparison test results of the full-length simulation and the design

wave analysis (inside parentheses: ratio to the full-length simulation result)

50%-percentile 80%-percentile
Full-length 52.2m 57.4m
FORM 50.8m (97.3%) 56.2m (97.9%)
Design wave Average Stdev. Average Stdev.
) 51.2m 56.3m
Corr threshold: 0.00 (98.1%) 4.48m (98.1%) 4.66m
51.1m 56.2m
Corr threshold: 0.95 (97.9%) 3.71m (97.9%) 3.90m
) 50.7m 56.4m
Corr threshold: 0.98 (97.1%) 2.80m (98.3%) 3.61m
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Linearized restoring &
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Preliminary Mooring Line
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+ Static analysis of mooring lines

and risers
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De-coupled
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analysis

L

Coupled
frequency-domain
analysis

Prescreening for Critical Conditions

Semi-coupled time-
domain analysis

Time-domain Platform Motion

Analysis

+ 6-DOF rigid body motion in
wave frequency

+ 6-DOF slow-drift motion

+ 6-DOF high frequency motion

+ Nonlinear environmental loads
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Nonlinear restoring and
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Dynamic Mooring Line Analysis

+ Solving the equation of motion

for mooring lines at each time

Motion data as new boundary
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* Nonlinearity in the dynamics of
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Fig. 5.1 Diagram of the current industrial practices of the dynamic analysis
procedure for floating offshore structures (API1-RP-2SK)
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Fig. 5.2 Flow diagram of the suggested procedure for the dynamic analysis of

floating offshore structures
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Fig. 5.5 Walker Ridge in Gulf of Mexico (referenced from OBSIP website)
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Table 5.1 Metocean data of Walker Ridge in GoM (wave data)

Significant wave height (m) Spectral peak period (S)
10-year | 50-year | 100-year | 10-year | 50-year | 100-year
N 6.1 8.5 9.6 11.6 11.9 12.0
NE 7.1 10.1 11.3 12.1 12.4 12.5
E 8.6 11.8 13.1 13.4 14.0 14.2
SE 8.5 12.0 13.5 12.1 12.9 13.2
S 8.0 11.0 12.3 10.9 11.6 11.9
SW 7.3 10.0 111 10.6 11.3 11.6
w 6.6 9.2 10.4 11.1 11.9 12.1
NW 6.2 8.7 9.8 11.4 12.0 12.2

Table 5.2 Metocean data of Walker Ridge in GoM (wind & current data)

Wind speed at 10m above
MWL (m/s) Surface current (m/s)

10-year | 50-year | 100-year | 10-year | 50-year | 100-year

N 26.3 36.1 40.4 1.32 181 2.02

NE 28.5 39.6 44.4 1.43 1.98 2.22

E 28.7 40.1 45.1 1.44 2.01 2.26

SE 28.6 39.7 445 1.43 1.99 2.23

S 27.3 37.8 42.3 1.37 1.89 2.12

SW 25.8 35.8 40.2 1.29 1.79 2.01

w 25.2 34.7 38.8 1.26 1.74 1.94

NW 24.9 34.3 38.3 1.25 1.72 1.92
Fig. 5.6 8704719 24 =xo i3t FaFdd nvldA 4
A3E Yehd Zolt. "l O 7lEs 4 z2xdAe] B
ERAAE, ‘O 712 A ERAXE YERIT. Table 5.3 Hi
EFAAE 712 A9 10709 &4 =4S A2 Aotk 4
Stz EANA woll He SAL, tiRES =ddA A
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Table 5.3 Top 10 critical environmental conditions in terms of maximum

offset

Wave Wave Wind Wind current Current

Rank | .. . return . return N return

direction . direction . direction .

period period period
1 S 50-year SE 10-year SE 100-year
2 S 100-year SE 10-year SE 50-year
3 S 50-year E 10-year SE 100-year
4 S 100-year E 10-year SE 50-year
5 S 50-year S 10-year SE 100-year
6 S 100-year S 10-year SE 50-year
7 S 50-year SW 10-year SE 100-year
8 S 100-year SW 10-year SE 50-year
9 S 50-year SE 50-year SE 50-year
10 S 50-year NE 10-year SE 100-year
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kb A AAslAel= SMLS MOTIONI}F LINES EES
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Abstract

Study on Statistical Analysis and Design
Wave Method for Second-Order
Hydrodynamic Responses of Floating
Offshore Structures

Dong-Hyun Lim
Department of Naval Architecture & Ocean Engineering
College of Engineering

Seoul National University

In this study, the statistical characteristics of nonlinear hydrodynamic
responses are investigated, and an improved design load estimation procedure
is proposed. For this purpose, the statistical analysis for the hydrodynamic
quantities modelled by the second-order potential flow theory is performed
first. The slow-drift motion of a platform, the springing response of a TLP
(tension leg platform), and the nonlinear wave elevation around a platform,
which are representative second-order hydrodynamic problems of a floating
offshore structure, can all be approximated by the second-order potential flow
theory, and represented as a second-order Volterra series in ideal cases. In this
study, the above three hydrodynamic responses are idealized into \Volterra
series, and statistical properties are analyzed by applying the eigenvalue
analysis and the Hermite-moment method.

Secondly, a new design wave method is developed to efficiently estimate
the extreme value of the slow-drift motion of the platform which has a great

effect on the extreme tension of the mooring lines. The slow-drift motion is
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affected by various sources of nonlinearity such as the wave-drift damping,
viscous drag forces, and the nonlinear restoring force by mooring system.
Therefore, a platform-mooring line coupled analysis in time-domain is
inevitable to take into account these nonlinear forces. However, due to the
long natural period of the slow-drift motion, the simulation time should be
very long to obtain the converged statistical distribution. To improve
efficiency in the extreme value prediction, the design wave analysis concept,
which is generally limited to first-order hydrodynamic problems, is extended
to the second-order problem. In particular, the Most-likely extreme response
concept is adopted, and the average profile around an extreme peak of the
second-order Volterra series is derived. The results are compared to the full-
length time-domain simulations to verify the accuracy.

Finally, a design analysis procedure is proposed for estimating the extreme
horizontal offset of the platform and the extreme tension of mooring lines
under many simulation conditions. The proposed procedure consists of
following three stages: Prescreening of simulation conditions through de-
coupled frequency-domain analysis, design wave analysis for screened
conditions, and the full-length time-domain simulation. In order to examine
the effectiveness of the procedure, the design load of the mooring line is
calculated by applying the procedure to the semi-submersible platform model
based on the metocean data of the Walker Ridge area of Gulf of Mexico.

Keywords: Hydrodynamic analysis for floating offshore structures,
Platform-mooring line coupled analysis, Statistical analysis for the
nonlinear hydrodynamic responses, Design wave analysis, Design analysis
procedure

Student Number: 2012-21068
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