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Dynamic Response Analysis of
Top-tensioned Riser Under Sheared Current Load

Kookhyun Kim*

*Department of Naval Architecture, Tongmyong University, Busan, Korea

KEY WORDS: Top-tensioned riser 35789 2}o]A, Vortex-induced vibration 57| Z1§, Vortex shedding <% W%, Mode
superposition method REF5 ™, Sheared current load AT 3}, Empirical model 33 =32

ABSTRACT: A numerical scheme based on a mode superposition method is presented for the dynamic response analysis of a top+tensioned riser
(TIR) under sheared current loads. The natural frequencies and mode shapes of the TIR have been calculated analytically for a beam with a slowly
varying tension and pinnedpinned boundary conditions at the top and bottom ends. The lift coefficients and corresponding amplitudes used to
estimate the vortex-induced modal force and damping for each mode were predicted via iterative calculations based on the input and output power
balancing concept. Here, the powerin regions were controlled by the normal distribution function, for which the center was coincident with the lock
in location by local vortex-shedding, and the range was defined by the constant standard deviation for the reduced wvelocity by the local current
speed. Finally, dynamic responses such as rootmean-squared displacement and stress were calculated using the mode superposition technique. In
order to verify the presented scheme, a numerical calculation was performed for a TIR under an arbitrary linearly sheared current and linearly
varying tension. A comparison with the results of the existing software showed that the presented scheme could give reliable and feasible solutions.
Case studies were performed to investigate the effects of various current loads and tensions.
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Fig. 1 Lift coefficient model
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=R A (Pinned-pinned) Elo] 213 7H(Steel) 0.2 Fo )= 2ol A
olH, 1 dole 1,000m, A5 4 AES 33| 0.6em= A5}
Atk fEF= ’5‘}‘?]_'(B0tt0m) 0.2m /s oA %}‘?_}(Top) 12m/s 74
APAoz FAp Zrkshke AERE 7HHsiden, fa 49



86 =4

Table 1 Virtual top-tensioned riser model

Table 3 Natural frequency calculation results

Item Values & Conditions Remarks
L (m) 1,000
D (m) 0.6
D, (m) 0.6
m (kg) 600 including added mass
E (N/m’) 2.10el1
T (N) op 5.05c6 Linearly varying
bottom 5.00e6
py (kg/m) 1,025
v (m’/s) 0.13e-6
V (m/s) ‘op 1.2 Linearly varying
bottom 0.2
Boundary top pinned Simply support
condition bottom pinned Simply support

Table 2 Lift coefficient and damping model for numerical cal-

culation
Ttem Values Remarks
(A/D)max 0.30
Crmax 0.70 . .
Cio 030 for Llflt/I ggslfﬁaent
(A/D)o 1.10
CLmin -1.00
Cow 0.20
Cu 0.18 for Damping Model
Con 0.20

S S 7]E 5.00e6 NOIA AR 5.05 MR AP H o= Hap
F7kele A2 Pgetnh g, FYAG 2 ZAAF F
Asl7] 98 Table 20 A E AFES AT
gt SR ek n WA IHFIE 0, = 2 (19), T
34 1,6)8% FF V) (s)2 2 (200 E A 2= o &
2t

=
3lo] 2H4 3 th(Vandiver and Li, 2005).
0, = (19)
/ L Im(s) ds
0 T (S )

Y, (s) =sin [/: \/%wnth] (20)
;2(?) Sin[ f : \/% wnds] 1)

Table 32 102174 9] 1fFu4 2232 SHEAR7S] 2
o} 3 Aeld Ao EM, SHEAR7S] A3} tha =4 Yeht
W IR ER ZEE Zfo|7k AU FARHOR 23% xo] o
o] g}t A7E a1 Utk o]l Alole & AFelX = gol
AE 73 Al gle 1A Aoz 1HF3 whd, SHEARY

v (s) =

Difference(%)
Mode Natural frequency(Hz)
number SHEAR7—Present
Present SHEAR7 SHEAR7T X 100
1 0.046 0.046 0.0
2 0.092 0.092 0.0
3 0.137 0.139 14
4 0.183 0.185 11
5 0.229 0.232 1.3
6 0.275 0.279 14
7 0.320 0.326 1.8
8 0.366 0.373 19
9 0412 0.421 21
10 0.458 0.469 23
30 8 E
g 5 g &
F Q F
-] ~]
; Bottom 0 —‘4 ° = Bottom 2 2 °
(@) (b)

Fig. 2 Shape of (a) natural mode and (b) curvature
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Fig. 4= RMS W98 RMS &8-S STD HE =Ag ZlolH,
B AgeA e Mg B H8% SIDjkS =&
< 918l SHEAR7¢] 2t a4 2ot 37 Jepfigict. o]2 5
SID7} S5 &4 350l H=ah 2L glow, 53] o =
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tion function)& 7Hdsh= A5 433 xF S &
Ak AukH o2 sehBottom) -l AE STD7E 069 7%, &
- (Top) -l A= STD7} 0421 7, SHEAR7S] Axjele] 7
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