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ABSTRACT

For better understanding the mechanism of the occurrence of pipeline
span for a pipeline with initial embedment, physical and numerical
methods are adopted in this study. Experimental observations show
that there often exist three characteristic phases in the process of the
partially embedded pipeline being suspended: (a) local scour around
pipe; (b) onset of soil erosion beneath pipe; and (c) complete
suspension of pipe. The effects of local scour on the onset of soil
erosion beneath the pipe are much less than those of soil seepage
failure induced by the pressure drop. Based on the above observations
and analyses, the mechanism of the occurrence of pipeline spanning is
analyzed numerically in view of soil seepage failure. In the numerical
analyses, the current-induced pressure along the soil surface in the
vicinity of the pipe (i.e. the pressure drop) is firstly obtained by solving
the N-S equations, thereafter the seepage flow in the soil is calculated
with the obtained pressure drop as the boundary conditions along the
soil surface. Numerical results indicate that the seepage failure (or
piping) may occur at the exit of the seepage path when the pressure
gradient gets larger than the critical value. The numerical treatment
provides a practical tool for evaluating the potentials for the occurrence
of pipe span due to the soil seepage failure.
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INTRODUCTION

When a submarine pipeline is laid upon seafloor, there always exists
some embedment into the soil. In severe ocean environments, the soil
beneath the pipeline may be scoured, and the pipeline will thereby be
suspended above the seafloor. The occurrence of pipeline span is
proven to bring much potential for vortex-induced vibrations of
pipelines. Therefore, to efficiently avoid the occurrence of pipeline
span is highly desired in the pipeline engineering.

As illustrated in Fig.1, for an initially partially embedded pipeline
under the influence of ocean currents, vortices may be induced in both
upstream side and downstream side of the pipeline, and the resulting
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pressure drop would further induce seepage flow within the seabed.
The soil scouring beneath the pipe is a coupling process between
vortices around the pipeline and seepage within the soil.
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Fig. 1 lllustration of currents induced seepage flow beneath a partially
embedded pipe (not in scale)

The mechanism for the occurrence of the spanning of a submarine
pipeline with some initial embedment into the seafloor has attracted
much attention from numerous researchers. Mao (1986) has described
the vortexes formed at front and at the rear of the pipe, and discussed
the correlations of seepage flow with the onset of scour beneath the
pipe. Based on the further experiments, Chiew (1990) concluded that
piping is the dominant cause of the initiation of scour beneath the
pipeline in currents. Sumer and Fredsoe (1991) conducted experiments
to determine the critical condition in the case of wave loading, and
expressed it in terms of Keulegan-Carpenter number (KC) and the
initial embedment-to-diameter ratio (eo/D). Sumer et al. (2001) studied
the onset of scour below pipelines and the self-burial in both waves
and currents. Their experimental results indicated that the excessive
seepage flow and the resulting piping are the major factor for the onset
of scour below the pipeline. The criterion for onset of scour was given
in Sumer and Fredsoe (2002). Besides the aforementioned experiments,
numerical method was recently also adopted for simulation of this
physical phenomenon, such as the work by Liang and Cheng (2005),
Yang et al. (2005) etc.

In this paper, for a better understanding of the mechanism of scour
beneath a submarine pipeline, the whole process of the occurrence of




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




