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CHAPTER 6 – CONCLUSIONS 
 
 
The tests performed for this investigation provided valuable insight into the behavior of HBSNs, 
and constituted the first published concerted effort in establishing suitable installation procedures 
for test HBSNs. 
 
Geotechnical failure was achieved in most of the tests performed during this investigation. 
However, at some sites, failure of the test nails did not take place in the granular soils. Therefore, 
the data given in this report includes maximum tested bond values and not ultimate values for 
some of the tests. It must be noted, however, that most of the test nails that did not achieve 
geotechnical failure were installed using Method C. It is likely that in these nails, the Doughnut 
Effect was significant and the maximum bond values reported are overestimated as discussed in 
the report. 
 
The results of the tests performed on SBSNs installed in Silty Sand (SM) and Poorly Graded 
Sand (SP) showed values of average bond strength similar to the presumptive values given by 
FHWA (2003).  However, the calculated bond strength values for SBSNs in Poorly Graded Sand 
with Gravel (SP with Gravel) and Poorly Graded Gravel with Sand (GP with Sand) were 
significantly higher than the FHWA presumptive values. Therefore, it may be concluded that the 
presumptive values given by FHWA for SBSNs in coarse granular soils may be conservative. 
This is consistent with the experience of the authors based on load testing of soil nails, tiebacks, 
and micropiles installed in coarse granular soils.  
 
The tests showed that HBSNs generally develop larger bond strength values in granular soils 
than traditional SBSNs. This is due to the larger grout body created by undercutting and 
permeation of the soils by the grout, and to more pronounced roughness features in the surface of 
the grout body. Consequently, the FHWA presumptive values for SBSNs are likely very 
conservative in most cases. 
 
In granular soils with a significant content of fines (SM and SC), the calculated average bond 
values for HBSNs installed using Methods B and D were similar to those for Method A nails, 
and to the presumptive values given by FHWA (2003). This suggests that undercutting and 
permeation of these soils by the grout are not as significant as in more predominantly granular 
soils.  
 
Observation of exhumed HBSNs that were installed in predominantly granular soils reveals that 
the grout body along the bond zone is significantly larger than the nominal drill bit diameter. 
This is caused by undercutting of the soil by the jet of grout exiting the drill bit. Comparison of 
the exhumed HBSNs and SBSNs suggests that the grout body of the HBSN is larger and rougher  
than that of the SBSN installed in the same formation. 
 
Also, in granular soils, exhumed HBSNs show an exterior zone of grout-permeated soil adhered 
to the bond zone, which further contributes to the capacity of the soil nail. 
 



CHAPTER 6 – CONCLUSIONS 
______________________________________________________________________ 
 

 44

The Method B installation procedure (Hollow Bar Installed with Debonding Sheath and Water 
Flushing) provided efficient debonding of the soil nail along the intended unbonded length. 
However, this method requires equipment to install and remove the casing within the free length, 
which is not typically used for HBSN installation.  In addition, if this method is used for 
production soil nails to be proof-tested, it would not be possible to provide a suitable grout cover 
along the unbonded length after testing.  Therefore, this method would not be suitable for 
permanent soil nails used for proof testing. 
 
Method D (Hollow Bar with Bondbreaker Installed by Re-drilling a Pre-grouted Hole) also 
provided efficient debonding of the soil nail along its intended unbonded length. However, the 
effectiveness of this method in debonding the soil nail may vary depending on the soils at the 
site, and the experience of the driller. Therefore, it is advisable to request that the contractor 
provide proof that the test loads are not being transferred to the free length of the soil nail.  This 
can be accomplished using strain gauges near the top and bottom of the unbonded length. 
 
Method, D can possibly be used for proof testing of production soil nails in long-term support 
applications. If the hole is stable after re-drilling, it may be possible to re-grout the unbonded 
zone after testing. 
 
In HBSNs installed using Method C, significant debonding was achieved along the intended 
unbonded length. However, the efficiency of debonding was less than that achieved using 
Methods B and D. In addition, a significant Doughnut Effect was inferred from the test data from 
soil nails installed following Method C. The annular grout around the debonded zone of the nail 
may transfer significant loads from the bond zone below up along the unbonded length, thus 
biasing the test results and providing inaccurate, unconservative values of average bond strength. 
 
Consequently, Method C is not recommended unless the tendon of the soil nail is fitted with a 
suitable number of strain gauges that allow determination of the bond stresses mobilized along 
the bond zone. In most cases, a minimum of four strain gauges would be necessary:  two along 
the unbonded length, and two along the bonded length. It is also likely that the tendon of the soil 
nail needs to be oversized to allow sufficient load to mobilize the design ultimate bond stress 
along the bond zone.  
 
The Doughnut Effect was not observed in Method C HBSNs installed at the Olympia Site, 
possibly because the annulus around the unbonded length was partially flushed. Flushing of 
Method C nails is not recommended as a standard test procedure. 
 
The tests at the Olympia Site showed that it is possible to install a suitable number of strain 
gauges within hollow core bars for measurement of axial strain with depth.  A suitable number 
and location of strain gauges may aid in the correct determination of bond strength values in 
Method C soil nails, and should be a requirement in any test nail where there is uncertainty about 
the efficiency of the debonding procedure used, or on the existence or not of a significant 
Doughnut Effect. 
 
Interpretation of strain gauge data must consider the stiffness of the grout in tension when 
relatively small loads are applied to the soil nail.  
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In many soils, it is clear that there is a benefit to anchor design developed by the HBSN 
installation processes.  The evaluation of testing methods is not complete at this time, and further 
data collection is warranted to finalize a testing protocol and establish preliminary design bond 
values or diameter magnification factors. 



 



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


