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Vortex-induced Vibrations of a Free-span Submarine Pipeline under
Asymmetric Pipe-soil Boundary Conditions
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(State Key Laboratory of Hydraulic Engineering Simulation and Safety , Tianjin University , Tianjin 300072, China)

Abstract: The submarine pipeline from offshore petroleum fields must frequently pass over une-
ven seafloor areas.In such cases,the pipeline may have free spans when crossing depressions.If dy-
namic loads occur,the free span may oscillate,and time-varying stresses may create unacceptable
fatigue damage.A major source for dynamic stresses in free-span pipelines is vortex-induced vibra-
tion (VIV) caused by steady current. This effect is dominant on deep water pipelines because
wave-induced velocities and accelerations decay with increasing water depth. Vortex-induced vibra-
tions in a free-span pipeline are a highly complex phenomenon in which the fluid-pipeline-soil cou-
pling should be considered.One challenge for free-span analysis relates to accurate prediction of
VIV and design of a pipeline system to mitigate its effects.In this paper, VIV of a free-span pipe-
line under asymmetric boundary conditions is analyzed.The submarine pipeline was modeled by u-
sing an Euler-Bernoulli beam. The two ends were restrained by an extension spring and a twist
spring. The wake flow was described by Van der pol equation,and a wake oscillator model was in-
troduced. The model parameters were estimated according to experimental data. The coupling e-
quations were decoupled by the modal principle, and the numerical results were obtained by
Runge-Kutta method. It was concluded that stricter asymmetric boundary conditions relate to
more difficulty in the high mode and higher response frequency,which had little effect on the re-
sponse amplitude.
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Fig.1 Schematic diagram of a free span pipeline
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Table 1 Basic parameters of experimental pipe
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BN R R mo (kg s m™ ) 0.86
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Fig.2 Comparison of max-response amplitude
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Table 2 Parameters of pipet'"
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Fig.3 The max-response amplitude

43 PR O 2 B A SRR A A AR R - ()
T A I R A iy o T S, A Ak — i A L A i o
(R =k, =10" 3£, =0 Ak ko) 5 (b) B Bk 5 4
2 — it Ry [78] 5 U 5 oy — i Ay TR S, 78 Ak R S v 1) L A
MRk =k, =10" 3k, =10", 1k £,.). &
T 2% 5058 % 165 YA AR 2 Foe R el 7 i CIL 3) R ] i



5036 % 4

TR 3 1 25 Al 0 A - 0 B A 9 D S 5 S T SRR Bl

77

PRI (P 4D,

—a—k,,=0
—e k,=1E+2
L4F| & f =1E+4
v k,=1E+6

- k,,=1E+8
——k,=1E+1

1.6

1.6 T T T T T T T T T T T
= k,=0
1.4F—*k,=1E+2 7
—a—f,=1E+4
L2M v k.,=1E+6 .
1ok ——k,=1E+8 i
ks ’ 2—k,=1E+10
@_OAS- s
}.E<
=0.6F .
0.4F :
0.2F J
00 P | 1 1 1 1 1 1 1 1 1 1L 1 1 1 1 P 1 1
0204 06 0810 1.2 1.4 1.6 1.8 2022 2426
U/ (m-+sh)
(b) k,=10"

A0 H B 2T RO B R R R

Fig.4 The response frequency
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The envelope curve of the max-amplitude

T 3L 8 1 S A 1 368 AR 2l R 7 19 52 0 3 3o o
WRIAREI LI 2598 .

(L) 744 Sy 249 R X 6 25 0 A 80 ) e A )
IR A RPN

(2) P i 249 oA 5 0 8 VS A R T TR B
1 1A 2 L AR o W RO i 1

2 2% 3k (References)

[1] Anfinsen K A.Review of Free Spanning Pipelines[ C]//Pro-
ceeding of ISope’95,1995.

[2] Choi H S.Free Spanning Analysis of Offshore Pipelines[ ]J].O-
cean Engineering,2001,28(10):1325-1338.

(T4 789 )



