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Abstract [_] A geometric non-linear finite element formulation of spatial ocean cable under currents is presented
using multiple noded curved cable elements. Tangent stiffness and mass matrices for the isoparametric cable ele-
ment are derived and the initial equilibrium state of ocean cable subjected to self-weights, buoyancy, and current as
well as support motions is determined using the load incremental method. Free vibration analysis of ocean cables
is performed based on the initial equilibrium configuration. Numerical examples are presented and discussed in

order to demonstrate the feasibility of the present finite element method and investigate dynamic characteristics of
ocean cables.
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Fig. 1. The initial and current state of cable element.
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Fig. 2. Isoparametric cable element with 2, 3, 4 node.

Uehdck, 1ei Qlelde] BRasle] dishHE 1x13t
B9} plkAE Sul WSS o8t 4
ol AL 4 Ak

N
ulr) ="""u,~"u, = LZIhkuf (7

ZHolol MRS Wrlskraldd Hel Adwe)
e U, U2 BEBAAe s gRsd vhea 2ot

Uiry=H - U, (8)

tU(ry=H"'U.

A7 UT(r) = {uy (1) uy(r), s () } (9a)
UL = {uuyuy; s - u iy} (9b)
H-= [h,135h2135 cehyli] (9¢)

olal QB2 A P= XA Fi= WWE(low vec-
tor) S vERATH

2@ 4 (9 AHESte] WEEe] AN v
AP RS APy 2 vehdd ohgd 2t

€= 4:BL. Ue (10)
du;, ,
T'_—UBNL‘UP (11)
d’s
o7) AF We-HEE Wy gk vidd W
HEE W By TAAR] AE A (12), (13)
7 2o
B, =Y (X"H'H,+'UHH,) (12)
erNL ="' H, (13)

ol o lo lo 1 o _No No N
A7 X =[x, 0 % 0 Ty xn X,
0 1 dr
Eey
ds

Anron Z¥UAN (1)e teR Lo Aslza
rof gPeEURACE U & Ak

'F (14)

e o' e

Me[+ArUz’+(1:KL+t:KNL) Uz’ = I+AIR
A7\ M,, K, Kw ZLE)3L JFa= 242F Azyy, A
& g uagedd, 1 AMEYHE YA,
TAA] AskAe ofefot

M, =["\"p"AH"H"Jdr (15a)
K, =1 BUE'A)B, Jdr (15b)
Ko =1 By ((S"A) By, "Tdr (150)
IF= 07 BUS A Tdr (15d)

2] (15d)llA S 4 (16)% #ol £g A3l F2
o] HAS AHgsto] A& & UTh

le= (T CXH H,+05'U,H H )'U, (16)

ojuf Alo]lB Zolol that HE-& 7H-2HEHE AMS
3o} el 7zt @ AE AR e 284 Szl
ANE 24, 383 SoifesdME 33, 29a 448y
S ioE 4% 7hs2H RS FHEFo)

3. x=REe e dgHol=E

ZHYE W FFA0IEe) 3H wag ¥ A
A

FAle] AeHe v} o] FAECH
F=CiAp+CpAphiy (17)

g7 ¢t cpe Azt AEFe BAdA (inertia coeffi-
cient), FEAG(drag coefficient)o)3L, §412] Reynold5<}
Keulegun-Carpenter=oll 2J3jr d@xo=z Zx=ct
B o2 c 1.0~25 Aol E, CpiE 0.7~1.5 Abel
9] S 73z AR st = 22 RAle] Vg 9
Zrz vehdch, W3 A, =0.251pD2, Ap= 0.5pDolal
De FAle) He, Ade] AAEE oRict 4 (17)
R WA &L EQxte] Exas ¥k e

L%



234 palotc- BB

o B42S etk WA g TEE PekRe
SRR sl A Yee Uekdc. 9Uge B
Ae) Swe] AFol Hielska Swot pe WO
g,

FAlo) i FEES) JUieFe Teisk 4 a7
& thest ol £ 5 Aok

F=CAp+(C,—1)A,V+CpA VIV (18)

A7 v=v - e dU&E, ae AolEY &, 1
g1 ¢ - 12 TS Uehdt 2548 s
Aol L) FF YIS sl Bl =
golm 4 & = Fog 7T 4= ok oW BAR A
ol2g] Wl % Hainleke) 3 %-& TR3PA Morison

WA e thewt go) WEMRoR el % o
'F,= CNDAD|’vN"viV+ C:)AD"V /v,-T 19)

A i Cle A7 HA B AR YA
£ Uitk 4 (199 QEE T gL 77 449
o WA @ FAERERS EADD. BT US
s S/EE RS W) Astel, olelst ol
Qo] tig M Ue A

W, = ﬂ) [CNDAD'[letva+ C;ADI'vq'viT]Su,-tds ='RSU
(20)

4 CO)oRHE 7R FAA 0] dJste] 2FHo
gSaRs SRR AN AR P
23 B}

1) HMEE Al Aol 2t He) 9AE vehhe
2 (6)02RE 7192 ARGl BRHANEE of
gho} ol APg T,

dx |4
‘t,= —%d_x 1)
dr | ar

2) AolBe] 7 Ao ZREEAHES BT, 5
W) BGSE olgslel 7hhe Bl FEAR(W)
O

3) 19 2] 2uE olgslel 7k HelM HA %
WA SEMEAES P

T
i

’viT =(v-0'ts 'vﬁv = 'v,.—tv (22)

1 A9 FAAPYE ol 4 20 VAT
o2n, WAFEe Yk SEaEE TR

FeAelEe] ARRE W A HXFsAo] o]Fo]
2)7] Y8AE, HA AF, FE W 2FH o &
7RIS AAslodor gt A 2 A|HolE v
1#HE AolE 7|5ed vlAdy SaPe ojHe] A
T(Triantafyllon, 1987)% 2= 4 9t} FlHoE =
fre] Ae wefske A5l QAR Slejo]
Z AolE gl uidt SHFAS Og o] Bd
g & Aok

Ky AU ="R-'F (23)

A7V K 48 R HARRRe] oz T4
= ARERY, MRE ZHAS TR 9Y, T8
T Re RS Yo 7 AHMEE Yekin,

ERES v APlolLe] 33 B Y] =2t

K- U=w'MU (24)

714 Kais #AF HEAHOAM HY=gdHoln, M
2o1Aege ¥k AolEe] Aoty 84k §-
M #3E A3 e v 2ok

D4 18 (198 1eEPd AA AolEaddl o
alo] Roldgol tigshes Y I R ol &
A& = Aok

'F = ~(C,- DA = ~(C- DA ,-"i]] 25)

2) 7R Aol A el e (e AlolEe] HAw
& 7ME=EEE AR

tu,'Tz (lﬂ'tl‘)’ti (26)

3) A 25l tlE3he WHEERE Mrg s
e ko] AAERs ek AT frAkeh, 4
I Ao rhegs o] TAIF = Ut

M*=(C-D)" pAH (1,-TYHJdr Q7N

o7 = 3x3 ol zk PRL T, =2 AT
4. T=X|sHH off

Aol Sy Aol etz FAFsy HFE
He Hasle], AeolEe] AFw B 2l AHuLE



AR W slolel AT 235

T o] F RS B sidAolte B By
£ 2E A 2B VRO ARUTAHNE 5
BT 5 e T2 RISk B gelde A
AlE olE % el BRYE WEE] fAstel A6
AENA Aol AR OB R4S A 2ojxl 7|
2ol B9 Avs} v, WES YO SIS
488 o 457 3 L APAAE 08AR 2
sted ASHAEAAASH, AL i 918 27
e 7t RAS TeAYHE BAHN Huow A
AhefR el ddshe Taz Azhec,

4.1 HdH Ho| B9 X FXE

B AT West er al.(1975)°] ol Hell A3+ F7)
FolMe] HH Ao|Bo) gk A3 AZA Fig.
39} o] AE (= 9.49 kN/myS Wi HHAolE-S A
zZhgict, g ateiol ] AlolBe] & Hole 868.38m
ol 2ET AH 29 olFF X =-14.94 moll tl-3-3h=
e Hdth Fig. 30iA A9} Ex bzt AHoll
o] TR BAITE Yellict, 2 ofiAle] tisled West
et al. (19755 7} HHo] Hoz A4 {315 =2 7
Maiz 5dy digon Aol i3l uidy %
W AS A¥Eslal BAA EAE 271X B4 FH
wat ARREEAE s Table 12 28YH 5
i HolE-aAE 307l 3 Tl 84S 15, 1
21 447 Tl A4S 102 2983 Ao U

Configuraion

i . 2__
X der self ht (w)
/“—un er self weigl ,}:K_
154
fe——————— 85344 p—————————
A =12855cm’ . E = 1.79%10° kN/m®
Fig. 3. Plane cable under self weight.
Table 1. Natural frequency of cable.
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g. 4. Taut-inclined cable.

Table 2. Specification of cable.

FolE : 7)o} L=330 m
A=7.07X10~ m?
E=15X10" N/m?
m=15.56 kg/m

FEolA B Holrdt Al W=47.6 N/m

7t A AL =0.128

4 =130 m

E9 A% = 1,020 kg/m3

AlojEe] Pto o] £34% =76,300 N

o] whtolxe] A = 86,660 N

AHolee] AL ¢ = 23.46°
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Table 3. Natural frequency of taut-inclined cable.

RAEF Mode
(rad/s)

Triantafyllou 2.15 221 | 338 | 437 | 548

Irvine 217 | 220 | 339 | 439 | 551
Yoon and Leonard | 2.15 227 | 337 | 432 | 543
s 216 | 233 | 338 | 432 | 541

244 1SR | 216 | 222 | 344 | 451 | 5.75
284 3l | 215 | 221 | 340 | 442 | 556
33A Sl 216 | 221 | 342 | 454 | 5.74
384 1570 | 215 | 221 | 339 | 439 | 551
444 371 215 | 221 | 338 | 453 | 595
4473 57 215 | 221 | 338 | 439 | 553
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Fig. 5. Inclined cable under current load.

Table 4. Natural frequency of inclined cable under current load (rad/s).

AR Bl A

»~«|f’=

C B
0.995 292.09

0.950 27529

Mode
C ZFESE (mfs)
1 2 3 4

= 1.68 (1.68) 2.39 (2.39) 3.39 (3.39) 4.03 (4.02)

0 1.48 (1.49) 2.11 (2.11) 2.99 (2.99) 3.59 (3.59)

1 1.53 (1.54) 2.17 (2.19) 3.08 (3.10) 3.68 (3.69)

0.995 2 1.65 (1.68) 2.33 (2.38) 3.32 (3.39) 3.90 (3.97)
3 1.83 (1.90) 2.57 (2.66) 3.68 (3.82) 4.19 (4.28)

4 2.04 (2.18) 2.86 (3.00) 4.11 (4.34) 4.46 (4.53)

5 2.27 (2.44) 3.16 (3.35) 4.53 (4.78) 4.77 (4.92)

FN= 0.89 (0.89) 1.36 (1.36) 1.90 (1.89) 2.37 (2.34)

0 0.78 (0.79) 1.20 (1.19) 1.67 (1.65) 2.09 (2.05)

1 0.81 (0.82) 1.24 (1.24) 1.73 (1.73) 2.15 (2.14)

0.950 2 0.89 (0.91) 1.34 (1.38) 1.88 (1.92) 2.34 (2.39)
3 0.99 (1.04) 1.49 (1.58) 2.10 (2.20) 2.61 (2.73)

4 1.10 (1.20) 1.67 (1.82) 2.36 (2.53) 2.94 (3.15)

5 1.21 (1.38) 1.87 (2.09) 2.65 (2.91) 3.31 (3.62)
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