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ABSTRACT 
 
This paper presents data from a series of Minidrum Centrifuge tests in 
which the effects of backfill cover (1 m & 1.3 m) and rock-dump (0.5 
m) thickness on the uplift resistance were investigated. All the 
centrifuge tests were carried out at 30g using natural marine clay. The 
natural clay samples from offshore were characterised and reconstituted 
before testing. Field backfill conditions were simulated close to reality 
in the testing. In each of the tests, the resistance of soil cover, the 
vertical pipe displacement, and excess pore pressure changes at the pipe 
invert were measured. The results from this study are compared against 
the current framework of upheaval buckling behaviour in the literature, 
and are used to provide a better guideline for the design of offshore 
pipelines buried in clayey backfills.  
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INTRODUCTION 
 
Predicting upheaval buckling resistance of buried pipelines has been a 
challenge as there is a huge uncertainty and randomness in the nature of 
soil cover created by various pipe burying techniques. Present 
understanding on uplift resistance of buried pipe lines is based on 
analysis (Randolph and Houlsby, 1984; Maltby and Calladine, 1995) 
and experimental work by researchers (Cheuk et al, 2005; White et al, 
2001; Bransby et al, 2002; Baumgard, 2000; Dickin, 1994; Finch, 1999; 
Moradi & Craig, 1998).  However, almost all the experimental work on 
uplift resistance was carried out on granular soils, and there is a lack of 
experimental work on clay backfill (Cheuk et al. 2007).  
 
This paper presents data from a series of Minidrum Centrifuge tests in 
which various factors affecting the upheaval buckling resistance were 
investigated. The factors investigated were depth of burial, time interval 
between the pipeline burial and commissioning, rate of pipe pull-out, 
and depth of rock dump. All the centrifuge tests were carried out at 30g 
on a natural marine clay. The natural clay samples were characterised 
and reconstituted before testing. Field backfill conditions were 
simulated close to reality in the testing. In each of the test, the 

resistance of soil cover, the vertical pipe displacement, and excess pore 
pressure changes at the pipe invert were measured. The results from this 
study are compared against the current framework of upheaval buckling 
resistance behaviour in the literature, and are used to provide a better 
guideline for the design of pipeline buried in clay backfills.  
 
A total of 4 tests were conducted on a 1 in 30 scale model. The 
prototype pipe was 261 mm in diameter (8.7 mm at model scale), and 
was buried under clay backfill. Tests 1 and 2 were conducted to 
measure the uplift resistance of clay covers of depth 1.30 m and 1.05 m 
respectively, after 2 months of backfilling. Tests 3 and 4 were 
undertaken to measure the uplift resistance of a clay cover of depth 1.05 
m overlain by a layer of rock-dump of depth 0.5 m and 1.0 m, 
respectively. In these tests (tests 3 & 4), the clay cover was allowed to 
consolidate for one month before rock-dumping was carried out. The 
clay was then permitted to consolidate for another month under the 
weight of rock-dump before the pipe was pulled up.  
 
 
REVIEW OF LITERATURE 
 
The uplift resistance per unit length of pipe, F, comprises (i) the weight 
of the soil above the pipe and (ii) the mobilised shearing resistance of 
soil. The peak value of F can be interpreted within an effective stress or 
an undrained strength framework. The conventional interpretation of 
pipe uplift resistance involves vertical sliding planes above the pipe, 
with the geometry and nomenclature as shown in Figure 1.  
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Figure 1. Vertical shear model for pipe uplift resistance. 

Proceedings of the Eighteenth (2008) International Offshore and Polar Engineering Conference
Vancouver, BC, Canada, July 6-11, 2008 
Copyright © 2008 by The International Society of Offshore and Polar Engineers (ISOPE)
ISBN 978-1-880653-70-8 (Set); ISBN 1-880653-68-0 (Set)

174



<<
  /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




