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Abstract [_] Kim er al.(1999) presented a non-linear finite element formulation of spatial ocean cables using
multiple noded cable elements. The initial equilibrium state of ocean cables subjected to self-weights, support
motions, and current forces was determined using the load incremental method and free vibration analysis were
performed considering added mass. In this paper, the methods to generate regular and irregular waves and
calculate wave forces due to these waves are discussed and challenging example problems are presented in order
to investigate dynamic non-linear behaviors of ocean cables subjected to wave loadings.

Keywords : ocean cables, isoparametric cable elements, wave forces, Morison equation

LN = VA Aoliel MY el wat % Al P H3h
5 A73H o™, Van den Boom(1985)2 #AojE-&
e QIR At G HuEA Y Bl % AFE olgste] BUysia 39 2 H'FP‘U}"
W 7390l disle] #lelEe] B4 tﬂﬂg} F4l

3 0 Aolwel 4 s} 3 BH A¥L ﬁ%o}ﬁ

F Bade) olgwrk WAHoR Fkkm AUk ool W vh wd 4 F0999eE FoN A Aol

e sl T2BO) Bao] ME Feish Jlse Sek 1 o ANRANY ¥ ABURL AEsdT, SR

S851 9 so] @alelth WE olglel, SN AolRel g Hele W
e Fyel A% B Hal A AF FRRS AR dosl Aolel 2nAHE 2

HAY W, Aolus) $H AT NS WA BN th o] F EZFAL v Aol WHYHE A4

Vg E2@ 943l shiolth. Teln 2RE, et 1 o] YU AFEo ARNFANS Fustan)

F % NS o) AaSHe T AxHe BA & B Aol o)de 9rans A sget

98 WHoE FUSN) A WU ol 58 W sole] MY BAse S,

o] aiE)ojxio} ). Bliek and Triantafyllou(1985) gk 9 BAuE A7) aL, MorisonalS o8-8

£ AsEen Qo] Aolie) B4 AEel e el ol WBE FAoluel e sy ¥

*Ad B S EE-F 8T Department of Civil Engineering, Sungkyunkwan University, Suwon Science Campus, Suwon 440-746,
Korea)

173




174 229 - 7 - o

WS Aot A sk WS dEo) mk Hosinh(kz) L b
e we deplelel tigk wag sHalae = T2 sinnka) Y @
Yo, shHastel Bae Bl sfbAolde) $45 o ot e N

Mo sersiny T7V1,l4*rk=2n/m-‘447—rl4~r o=2n/Te o

& B8 WENE wEsol B,

2. AEIEE W s olE o’ = gk tanh(kd) 3)
2l (1)-3)& AMRSl] Tl FRIHE wiAZ 4= 9)

[e] sNo. H. A = = )
B LS SIS HEE Ta 9 RS wyae wmAnwA 5 o o] 3
2¢ 99, 279, 283 A1 o= AT 5 3 . e
719 #arg FHse FHAEE APANZL 5 Aok
o B A diRAolRel RS T FHITA o wname waas)) gaie A
g Byslely] Yste], ¥ o]2& A4 o e - N -
i St sy 2HEZo] JQ3l}, JONSWAP AHEH L 1973d
g ol&3to] r2al, FH9 F JONSWAP ~HE- S .
2HE BAHHE olFHos ZA5EE WHS Az} Hasslemann 59l 2]} Joint North Sea Wave Project

N . Shersl B ERE MLEACE 2R IR $ ¥ (peak)E 7}
B ©J9A) AP 2 lgstel APsles Anlst A Pierson-Moskowitz ~HEZ o ALY E LEPH

S

= ] ©lo t‘ﬂizﬂ%:ﬂ_‘j olB ZLe.Eh— o
oMorlso;n’i, Hele] HyE 7“ 1—5"1} 4'%‘2}" f} o folula B ~HERe) HE Fukk pe) PER
48 Akl WY, aa nAY sHsaEe g
. UEPH JONSWAP A E 3 (Paik, 1994; Fig. 2 332)9]
h Nleae e .
21 o — N
21T X SR AT 8y So(H == B Xp(_g@) ),YEXN-(Ffo)Z/ZUZbeI (4a)
AYsol2S olgslel FHRE WA W, Fig. | e |
o] st Bt 3 L 24 aRo) elg Foda sy
] A7), 6=0,=0.07 for f<f,,
HehE, He<l, d). OlR% 7142 =5k Aasn
Az ste] 23} opel mARES] Weke Al 0= 0= 00 for 2o @)
g = gt ol ko) o FARS thea} o] et 2 (4)ellX y(peak enhancement factorn= JONSWAP
2 E) Hrf duAUse} HEgo T y=33% 7}
n(x, ) =€—Icos(kx—(x)t) (N A& Pierson-Moskowitz ~HE#H ] Hrj] =gz}
2] Hl(y=1 at Pierson-Moskowitz Z=HEZ)Z Jehd
3, FAMEko 2ol B Qale] s A )2 A o foo 3.5 HM# k& 7HA= Tu(peak wave period)®] <
Qs JMEE $EE Ao AnRd 9 & 42 2 & o,
ATt
H(DCOSh(kZ) Spectral density, S(f) [ f#*sec ]
) =— _
Vyu(x,z2,1) 3 Sinh(kd)cos(kx t) (2a) .
JONSWAP
3000+ P-M
Direction of wave
——®  propagation
/(‘\ ﬂr— 2000
(t) Wave
—Z . \ Lheight H
=, S~ 1000+
IA— Wave length L 7!
0 00 0.05 OIIO 0,‘15 OT:’_O 0.25
Water depth d z Frequency, f [1/sec)
v X Comparison of the JONSWAP and Pierson-Moskobitz
VIELLIRTLLIIIAL. rfuzzzrim. CASLIELLLLA Spectrum (P-M :Hs=30ft, JONSWAP : Hs =35.7 ft )

Fig. 1. Definition of wave parameters. Fig. 2. JONSWAP spectrum.



TR e sfeol ] S ul I s

ol gk AHERo] TolxH BtA o] ARt
ojfo] ~HEHORZRE AHH g P& £ Ut} F,
e} ErEE #Heke 942t (random phase angle)
o dg3le T AREY ¥ FHo o8 2
G)EHE EE 5 Ark

N
N0 = 5 3H,c05(kx-20f,1+0,) (5)
n=1
A7, ko= 2n/ L2 BARRAAN ) s ALtE =
Foltt. A, = YAk Froh 7HEEES A (2)
o} AZkoll Uik HujRgko s ol Fald a5
oz dojd 4 Yk

2.2 Morison & 4| & 0|88 mi& &= 1Y

Morison #2412 vty o g o] nlgjr] F2&
o] A& u), & F-& Z°|(significant length) D(EEH
9] Aol Ag)yel 37 Lol digk vyt 0.2 9]
3w, i3 AAAgEe] BdERy 3 A8 w
ARg-gtt, st ol ER o]l 2UE FHAPTIER A
o|Eo] AHg-&}= -2 Morison HHHANE A& AF
gt

ARkH 02 Morison WS A3t HEo] ¢l
9 7 AAi(Fig. 3)0) thete] @9 2oy 2
3l FARSEL thE Hol AldtEh

oxl

op 1l

F=F+F,=CAN+CpApviv (6)

A7) it o AZE WA, AR FeAgol

-} N

!
: C
i
'
|
1
__________ U DR

'
!
[
:

/ i
1

wave force ! Sea floor
distribution ! y=0

H
[
!
]
]
1
1
]
4
1
;

Fig. 3. Wave forces acting on a vertical cylinder.

I, vol ve 24 A9 7tEx 3 SEE e
b B A=0.257p D Ap=05p Dol p&t DE
Aol Az, A9 A ough.

FAlel ohel FRE] AuiesS nEshE 2 (6
027 Zo] 3% = Ut

F=CAp—(C- DA+ CpAp VIV )

A7 V=v-my= AUEE, oo AolEY &5, 1
il C~12 F/AZATE eRdT 714, A i
A dEers EYxie) Ao A &xol ESITh
WeEL Y FoE proiRied], A R e @
A A9l FEl o wAske F ¥ g2 U
9} g0l T EUAAE rIEATIE 9E%] 21
ZF(added mass)3ro] T},

g Wy Ao AARR AlolEe] A L MW
gro) AR5 13t A1 X Morison WA

thea o] ez Yeld 4= lthFig. 43F).

>
s

'F= CAW—(C,- 1A, aN
+CA vV cpa Vv, i=1,23 8)
A7)y Ccp 7t WA % el 9
4% Uehdth 4 @9 9% 3 WA 3 B
il

golx, 5 vl B Srbadel TR, A WA
ol WA gzt gaREel WA R TR
& AR,

23MYSEE WE HYMolH FE 25
shejol] oJat sfabloldel 4 vluAs|Ng
7 g, BR AF, 5 9 Agusle) 98 3

Fig. 4. Wave foraces acting on the curved ocean cable.



Agslclor atk. 4%, AHelF BE 3
213 Alole] 71aa HAE shapge olde) A
@ 5, 19978 AEY % Slek 02 Akl

Telhe Aol Hadmel ostel sl Ao
Bo] g F2 SEWAANL T go| XHFT

($)

—

4

1+ At 1+AL . 1+ At

MU+ UK AU ="YF-R )

o7 Me R PARS Tshe AolEe] AgRHo
o] TAAQ] AMMPHS ¥ (Bathe ef al, 1974 F
z8F 2= it} & 7 FHo| K AE 9 HlAag
AL EE e dtoz TAE= z\j)ﬂﬂ-ﬂqﬂgo]q Y LM%
2o xgsie 2ge YehliH, o8 B3] AWHske
We B go| o)Fo] YioA HFFH R TE
o) Mgz 9% dHHHHE ehdnh
vlo] £ @ VKEEE 2 (QeMet 2ol AR ¥
7HERe] Folng, xR Wy el wt ukg
s Arle gelnh B3 (S W sPHols
o gugs goz & oz FUg NS At
o] ZgH= B2e %7) 2H (original position) THA
o M3 E FF(deformed position)E 7IELE AAtE
olok & Aot} ol#igt H-& 1123t Morison HY
g o] &3 ©9zo] & mstEe] ALt A o
&3 ol E’L"k%} = Aok

1) AATE 2] slsled sk P & B
FE= J]rol%% ”“j gt

O

Mo ol

3) %E‘iﬂ# 57—345}0‘] 7zt Aol HANFE(current
coordinate)® AFY3LLL, isoparametric interpolations ©]
Fate] 7h9 HRHON VSR R «F 4
3y,

R R I DEC IR L
2 A73}31, isoparametric interpolations ©]-8-3k 7}
o oA B9 7IEEAR (1), BEEAR(V), 1

E

3 e (V)E PR

5) 3 4)2] AFE olgate Thes el A 3
K ‘%H HEAE-S AR olfe AdigEe A
A g YR Aehe 4% deRd Aeit

>

3
V=3 Vi,

k=1

'ww='v-'vi, =123 (10)

6) 7H92 FARBHES ol A4 (10g A
caR, B 9Ag tigshe 7t BHHE
e,

8w = [/ (CA, v+ A [ VI VY

='F8U (1D

2 (1l Aol &&= o] EPH JleBz,
HREAAO N BEE S AP wRith lHE
M=o Arkstedof St

24 B FETHE WE 25 Ho| 8o SSWHA

BRANE B RS W 1 Aol dist
o] A7kl W2 qlele] Hel Heel thd AYME 7
=3tk AlolBe] AL Fig. 59 2o, fA oyt
AolEo] AT TS fAEE) A @) Al
a3l 7 AolBeo] WAL thea} o] BE
@ 4 ek

l

mii—Tu” = F(z,t) = C,Ap+ CpAplv (12)

A7\ me RIVARS T Aol @l AT
Azgoln, 7= AolEe] FHg Jepdch. g vidY
gl Aol £xeo] JFe TSI Helse
Qle] Hel W9l Ugn o) Fourier 352 7HEE

% gle,
u(z,t) = glan(r)sin’il” (13)

A7\ 12 Aolg Zolo 4 ash YAFE. 9
(133 o) £3ue 28 Uehhe 4 Qa AH
59AA (1200 viiskaL, 8] 8 S Fourier
Fra Ahsle ASE Wushd o Zol Bl
a @l dig Awrde 4& 5 A

i, +bla, = c,sin(or) +d, cos(wr)|cos () (14a)
T/nm)
3714, b, =1 1F) (14b)
m\ [
_ Ho? CA
€= 7 thkdj coshkz- sin(nmz/l)dz (14c)
22 C
g = e w CpA —2LD (! sosh’kz - sin(nnz/l)dz (14d)
2ml sinh’kd °

oAl ARAElY] 271Z21S ZHE3PE 2 (14a)9] &)



e ik ool o] £ vlAsaElA 17

(o3}
i

$ % AT, 2 ARE A (3] Wk el
o) W9lg 24T+ AU

oy

3. =XIsli4 of

AolB-g TulA] AolEaizg RdHs T
We Hgal, AolEe] AEd T W AP E &
£ sjokAolge AA HINHE Fe HdFHH A
1998y 27| HIRYENE 71Fo 2 s 28 FH ¥
APIE 9 ¢ Je z2ade Lt F
A A)7FdHE)AHQ] Newmark ¥ (Bathe er al.,
1974y 2gsie] MAEIHS I ST EE A
23 o AET AYEAES 20 AR Bt A3t
AAem, Aol N A 7] e A HAE
moaAe WA HHeR A vl dF
e pRE Qe B FolMe wA 2 Bt
0E e Aol wdy FA 7S dx, AdE

o 54 2

l

3.1 cHY 7 OE ghe =3 AHolEe &3 sl
ool 2440y AYe| Ag3le 559 7 Aol
Hof) thaled o FAAE WS G- AolEe] U
9] Aol A7) wE W9ol| Hig I E K=
th 2 dAe)ds =2 ool elga-S #5387 st
o gl FRIAE e £3 AHolde FUH ARt

T

<

B
.|||

[\

1001 m

X
%
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Table 1. Material property of ocean cable under a regular wave.

cable length /=100.1 m

cable mass m =1 kg/m
diameter D=003m

cable tension = 10000 N
wave height H=5m

wave number k = 0.0402545 m™'
circular frequency o = 1 radfs

drag coefficient cy =10

inertia coefficient =20

water desity p = 1.020 kg/m*

20 /4’»\
h \\\,// \\4//’

Analytic solution \
T T

[ ) FEM solution
0 | 2 3 4 5

Time (sec)

Displacement of midpoint (m)

Fig. 6. x direction displacement at center of cable.
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Wave propagation

Fig. 7. Inclined ocean cable under a regular wave.

Table 2. Material property of ocean cable under a regular wave.

initial length of the cable /=1,700 m

A=6.176x10" m?

E =6.875%10"" N/m?

m=33.51 kg/m

cable weight per unit length in water W =290 N/m
water depth =700 m
water density = 1,020 kg/m?

Cy=12
CL=005
Ci=20

Table 3. Natural frequency of inclined cable.

frequency(rad/s) Mode

comparison 1 2 3 4 5
present study 0.4200.620 0.870 1.067 1.314
Blick and Triantafyllou(1983) 0.4220.621 0.872 1.067 1.315
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