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Dynamic Response Characteristics of Tension Leg Platforms

in Waves
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Abstract : The dynamic response characteristics of Tension Leg Platforms(TLPs) in waves are

examined for presenting the basic data for design of TLPs. The numerical approach is based on a
combination of the three dimensional source distribution method and the dynamic response analysis

method, in which the superstructure of TLP is assumed to be flexible instead of rigid. Restoring forces

by hydrostatic pressure on the submerged surface of a TLP have been accurately calculated by excluding
the assumption of the slender body theory. The hydrodynamic interactions among TLP members, such as
columns and pontoons, and the structural damping are included in the motion and structural analysis.

Numerical results are compared with the experimental ones, which are obtained in the literature,

concerning the motion and tension responses of a TLP in waves. The results of comparison confirmed

the validity of the proposed approach.

.M E

HZo g Halz ade g2 e

—
e g

»

214719 A2 AL 500m ol
3o AN ol Foid Ao dyEE, AAAF

4 AFTFEE(TLPE ol @ A sidxedel A

F 9 ANE A dEAY FRET
H2, 349 5ol £XY*YH Yoshidas'el &
A AAHE Agate Aol o8 fAe Y
b 9 PARAEY fAelEA Asye 1
e FHBRFAN QAR HFFEE
of &-ee sl Yol Goos® Vol olal AEE AL
AFAFA shFTEEe FAHA AAE A
s Al thetod T Fasrt .
of ek FxEe FAgol FHAasA A
& HS #etstd Lees” S Yoshida$el &
AeH e ol 8t FAFA Aol e A
i 542 drtsiile

i

—!>

o X2
1

Hed 0199849 99 154
ol 4% - FHUE 2N HYH YA
&G4 D THds 24 wy

- 81

u,

o]
2.2
=
A

AYRe AA S 2AG] Tl &
SR oz P, TR FAS
32k ol FAH 3 o

BA, B =2 L GooEol olah AL v
o e olgste] ARAFA AHYFEE
APeP] HE 2F, FHe9L st A
1Ot wastga, A71Edel F 39 24
shol e BAHSY 54 Hrheh o

)

e

|
1

1

oo &

B oo 10 ox
i

2. Ol EaH Y

21 7127h
g4 &% Aol o8 TLPe F22wg o
Nar) g8 J|RAEe g8 g,

(1) AR TFEE 34 T2 MY BYTFRE St
(2) dArtate PANEe FASGR &1, FHde
g4, vl 3, fA9 &5 v3A
Q How ghr}
(3) Z}Zhe] HYP A & SH
%3 AE 08 3o}

< PadEe



ARARY AFTEE

(4) AHFERS ZE WFgog 53] dAA A &5t I ZWEE dyFozA Tz M
T Ae® &3, FAol 3 AfdE 4 Y U osH e &% YHFALS Jd2 F )
qoz g,

(5) AFFA Z}%EHE T4, 849, FAHS (MI{ U} + (IN ]+ [ND{ U}
1=1P% A ol 71 u} o} a =
F A% A3, 3 ZFuregko] Fulo] AFHOR + ([KJ+ [KED{ULY = {F,)

A SR Zg3g

ZE AFEAE olgy BEE 3
uf) = ?];T_:zju——;] A E A71AM, [M] @ ¥t 23E 33ste 2% 34
Ra g AR [N,] @ 2=32hzha] 8F

HATZE Fig. 1% 2ol 822 2¥an, 7 [Nl ey 99
SoE 2 AT HY BEd 3FH2 LR (K] : 33, A5 R ARAA 42

() 84, 27), 43¢ HAx, 98¢ wor} 7 =dE 98
N2A AFste 9zt2 4 (hull element) [K] @ =74 32

(2) AFFx AFHA AFHS LA {(F, }: AX54, AA5EE, 27 34,
Al F 8.4 (mooring element) o 7BAE wE

(3); E}/‘éiﬂi"i 9zta o HHYoY AREE (v = ({uy {UY) (ul Uy - )T
HA4d3= B 24 (beam element)

P EAAY] ¥ WH
dependent node _
3. XA ¥ DE
O—vr—f——f——7 P

C J L e eHsY G390 g FULY i o
2 JABAFA dFTFEREY T3S %"é% Bt
node — 1 3t7] sl HA, AFAFA HGTFEREY AYEY
, beam element A A ARA0s & AL A ACHE
zatgch A8rde FQEL Table 19 vhehu)

A-Ig=

hull element

A T 1 T
1

4
\ 1 1

4
<P

Table 1 Particulars of the tension leg platform as

numerical and experimental model

I mooring element Numerical Experimental
Model Model
L Length 72 cm 72 cm
Fig. 1 Element subdivision of TLP Breadth 72 om 72 om
Hight 59 em 59 om
Draft 30 cm 30 com
22 2EYHA !
o Center of gravity 6.98 cm 35.0 om
SEHAAe] FAsol o} 9zt ase] 2§ |above base
e g3 AFE 9 BRe Ao Ao 7= A Transverse  radius
. 36.23 cm 35.1 em
Aol ol Hase FnEY 7o wByg sy |of gyraton
He Haggr) Weight 271.7 Kg; 28.9 Kg;
S} o 1) =
24 zaxe] dddM Rkl WA BHES Pretension 11.7 Kg; 10.5 Kg;
Y, S, 7S] v A ZFE 7] W, +
= { ]2] ‘ﬁ—r‘] B——IJE’]%{UM}E} 5‘]—:17_, ZA} g;goﬂ ;_q, Displacement 39.4 Kg; 39.4 Kg/
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Fig. 2 Sway responses of TLP
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Fig. 4 Tension variations on lee side
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Table 2 Particulars of the tension leg platform as
actual model for calculation

Length 72 cm
Breadth 72 cm
Hight 59 em
Draft 30 em
Center of gravity
above base 36.28 cm
Transverse radius

of gyration 36.23 cm
Weight 28.4 Kg,
Pretension 11.0 Kgy
Displacement 35.4 Kgy

76

Fig. 5 Node number of 3-D frame structure for
the tension leg platform

S peakx HZolM A ole 1/}11‘“}
AAAQ) AEgFL F dAFE & + Aon B A
ARl Bl S FEsoh

TLPY A E" 54& H7ksr] 9% A7(®
Bo AdRde] FQEL Table 29+ 201, Fig
SL- }Jy]EEﬂ_/] HaAg

o T —4 4%
column®

I, o714,

=0.1‘3—l s=2.0J
ol disl AL FPsRen, 1

2+
tendon & AX 8 Alg= 5

- 83 -




ARARA PPz FHLY B4

S= AArnd e u}EE Bz ol 23] 7} A)
A719) 1/100 2949} 38 FAH)F5HAA
ojtt,

Fig. 6 ~Fig. 82 ZZt S 844 Wgo] & o
A #AAF i Sway R HFAEFSH 939
tendon® HEFE &g EAS Yz Utk A
Adde F4 s5m, I °\J*V-}°] 90 ol gk Ao

—_—

o EHMESs=10, dHHHELS=0.5, F2HAM
L 5=0.19 AL AxAFo|n, AL

S A4 9] AdAAoIth Sway &H H W
%—%"ﬂ‘ SHIANME ¥ Hstd g 99
W3zt bR @58 ¢+ Ao

Fig. 9 ~Fig. 14v 3824 W 0t & 53 +
z28d A9 AxdAdzE dehin Yo &
088, 4% =1.16Kg;, ZNEE pgt,d = 0.34Keg,m 2

A B398 A7 Aol

080

Sway (cmicm)

0.00 " I L N
00 80 10.0 15.0

Wave Frequency (rad/sec)

Fig. 6 Sway response variations

0.20

Weather Side

0.+
€
kY
B
3
2o |
S
5
g
& o008 |
0
.
L
-

04

0.00 1 1 i il

00 30 60 90 120 15.0
Wave Frequency (rad/sec)

Fig. 7 Tension response variations on weather
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Fig. 8 Tension response variations on lee side
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Fig. 9 Axial force variations on deck girder
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