Vortex induced vibrations in subsea pipelines
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Free Span Pipelines
= Span Length (L):
10 to 100 times pipeline diameter (D)

= Seabed separation (e):
2 to 3 times pipeline diameter (D)

Cross Flow

Span Length (L)
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History of designing for VIV

Pre 1970s

Maximum
allowance span
length

Assumes natural
frequency is
dictated by free
span length

Fatigue criteria for
in-line VIV

Stress amplitude
and number of
cycles as an
ultimate limit state

Arbitrary models
and SN curves
applied

1980s

Onset criteria for
cross-flow VIV
developed

Good for short
spans

Current conditions
considered
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1998

Release of DNV
Guideline GL14:
Free Spanning
Pipelines

Release of DNV
Recommended
Practice RP-F105:
Free Spanning
Pipelines
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Why study vortex induced vibrations?

= Cook Inlet in Alaska which was developed in early 1960s
experienced 14 failures during 1965 to 1976 due to VIV

= Ping Hu Pipeline in East China Sea failed in two locations
during 2000 due to VIV
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Approximation methods for predicting VIV

Fluid flow over a cylinder Resonance
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Vortex shedding
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Vortex shedding patterns
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Experimental Apparatus
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Experimental Results

Polyvinylchloride Pipe
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Experimental Results

Polyethylene Pipe
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Experimental Results

Photron
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Experimental Results
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Findings and future works

= DNV RP-F105 states: 4.4.6 Wproxi onset 15 @ correction factor accounting for the sea-

bed proximity:
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Meaning that the onset of VIV should be suppressed for
gap ratios smaller than 0.8

The study shows that this is not always the case:

= PVC pipe shows amplitudes of oscillations for the 0.5 Gap Ratio, 0.8 Gap
Ratio and 1.0 Gap Ratio similar to that of the 5.0 Gap Ratio

= PE pipe shows amplitudes of oscillations similar to that of 5.0 Gap Ratios
for 0.8 and 0.5 Gap Ratio

Further investigation is needed into this cut off value
Varied results for the 1.5 Gap Ratio PE pipe
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Questions or comments?
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