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Analysis of VIV-induced fatigue of string-riser coupled system in deepwater
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Abstract: The fatigue damage induced by vortex in a riser occurs frequently during deepwater drilling/completion and testing
operations, while the testing string fatigue caused by vortex-induced vibration in a riser also could not be ignored. The string-
riser coupled system model was established in the present paper, and the fatigue algorithm was also proposed by considering
the characteristics of testing operation in high pressure deepwater gas wells and the interaction between the string and riser.
Concentrating on a high pressure deepwater gas well in South China Sea, the vortex-induced vibration mechanism, the fatigue
damage rules and the influence factors were investigated. The results show that the multi-modal vibration occurs easier in the
string-riser coupled system at a high velocity. The fatigue damage is fluctuating with the increase of the water depth, and the
maximum fatigue damage is located on the top side and the lower flexible joint. The fatigue damage of the testing string is a-
bout 0. 2-0. 25 times as big as that of the riser. An appropriate increase of the riser top tension and the string lifting force
would effectively improve the vortex-induced vibration fatigue performance of the string-riser coupled system.
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Fig.1 Schematic diagram of deepwater string-riser
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Table 1 Configuration of string-riser system

WHAM  fow AME/m BER/m o BUARKE/m

GaRlikrd 1 — — 3.20
PR AR 10 0.2667 0.0254 22.86
FhERL 2 0.2667 0.0222 22.86
FHER2 19 0.2667 0.0254 22.86
T3 33 0.2667 0.0222 22.86
FHPER4 2 0.2667 0.0222 22.86

BOP 4 1 0.4572 0.0508 16.29

2.1 1EEIE

P2 A At — B K R G 2R Go R A S B K
BRI LI, fh A 2 AT PR AR T
25 BB AR AR 2 ] 26 0 5 /0N 3 R H TR K
B B 7K A8 R A A K B A AR, RA 4%
BRI 55 /0N, MRS A - PR K R & R G LA FG
HKAEPRN R £ YRS ;25 By LUE , bR K B A AR 25
R K T I A - B KA R A R RIS
X FE R T U R - RS R S RS S Y
BRSNS M A8 A 5 B A A8 2 ] ) 42 fh 2 48 X6
bk IR EA — & MR, e R G L
WA - R KRR & IR 3 o = iR g, R T
e U TR R A - PR K AR S R A LR K A
ARG T REZBEEYRSRN

3.0

— RRKE VRS AR AL ’
2.5F = — KKEHRHY 4
= 2.0f
~
“
¥ L5
K
¥ 1.0
®
0.5
0

0 10 20 30 0 50 60
BEB KR
B2 FHERRMERT
Fig.2 Modal frequency in different models
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damage in different models
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Fig.4 Effects of riser top tension on system VIV fatigue characteristics
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Fig.5 Effects of string lifting force on system VIV fatigue characteristics
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