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Abstract— The Extended Dynamic Cone Penetration (EDCP) test supplemented by measurement
of torque (EDCP-T) may be used to obtain a direct measurement of unit skin friction ( f; ) between
the cone section and the surrounding soil. The test is performed after completion of the EDCP test.
In order to perform the EDCP-T, the EDCP device is rotated after driving the rod and maximum
torque is measured using a calibrated torque wrench that is connected to the top of the EDCP. The
EDCP-T test results at 3 sites are presented. The results show that the unit skin friction values
obtained from the EDCP-T generally correlate well with normalized blows for 30 cm penetration
of the EDCP tip (Ngpcpgy)- The results may be valuable for preliminary estimation of unit skin
friction of the driven piles.
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1. INTRODUCTION

Scala (1959) originally developed the Dynamic Cone Penetrometer (DCP) in Australia [1]. Some
relationships have been developed between DCP and CBR results (e.g., [2]) and elastic modulus (E) (e.g.,
[3] and [4]). The Dynamic Cone Penetrometer (DCP) has been described by ASTM 6951-03 [5]. The
typical DCP consists of an 8-kg hammer that drops over a height of 575 mm. In this research, a DCP with
an added torquemeter and the ability to determine the unit skin friction (Extended Dynamic Cone
Penetrometer or EDCP) is used (Fig. 1). This device could be used within testing wells, throughout the
soil profile. The number of blows for 30 cm of penetration (Ngpcpnm) is recorded as an in situ measure of
soil strength.

To calculate pile capacity, the end bearing and the shaft resistance must be determined. Shaft
resistance is the side friction along the entire length of the pile and is determined by multiplying the total
pile surface area by unit skin friction, where unit skin friction is defined as the frictional resistance per unit
area [6, 7].

A series of tests were performed to investigate the value of unit skin friction of the cone section
obtained from rotation of the EDCP steel rods. Skin friction is calculated by recording maximum torque,
measured after driving the EDCP tip into the ground within the testing well. The tests were conducted at 3
sites on both fine-grained and coarse-grained soils.

Many researchers have determined the unit skin friction from SPT and CPT test (e.g., [8]). These
researchers presented some relation between the N value obtained from SPT and the unit skin friction. It
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seems logical that while the actual N value obtained from SPT may be subject to wide variation (i.e., the
particular operator, rod length, hammer energy, etc.), the EDCP device does not experience such a
variation.
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Fig. 1. Structure of Extended Dynamic Cone Penetrometer (EDCP) used in the present research

The EDCP-T provides a direct measurement of the torque required to rotate the tip after it is driven
into the ground. The torque measurement may be used to provide an estimate of the soil-steel unit skin
friction using Eq. (1) [6]:
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where 7= measured Torque; d= outside diameter of rod (for EDCP diameter of the cone section); and L=
length of penetration (for EDCP height of the cone section).

EDCP-T tests are performed by attaching a small adapter to the top of the handle section of EDCP
after driving. A common direct-read torque wrench with a capacity of 120 N.m and precision of 1 N.m
connected to the assembly was rotated to ensure that all cone section connections were tight.

The Ngpcp (number of blow count for 30 cm of penetration) values were converted to the normalized
value, Ngpcpaw), using Eq. (2) [9]:
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N =— 2
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where N~ equivalent blow, d= diameter of tip (m), e= value of penetration (m) for each step,
= value of torque (N.m), W= Weight of hammer, H=height of hammer fall (m) and
g= acceleration due to gravity.

The N.g.. values were deducted from Ngpcep (1.€. Nepcpm = Nepcp-Negue)-

2. FIELD TESTS

Tests were performed at 3 sites across Iran to evaluate the unit skin friction measured using EDCP-T
method. The evaluation consisted of directly comparing the corresponding Ngpcp(m values obtained prior to
the torque measurement with the EDCP-T test f; values computed by Eq. (1). Table 1 shows a summary of
some geotechnical properties of soil at each site with geology descriptions and the soil classifications
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according to ASTM standard 2487-00 [10]. At each site, EDCP-T tests were performed throughout the
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entire profile to obtain sufficient data.

Table 1. Summary of some geotechnical properties of soil at each site

117

. Effective
. Description of soil Water Un.1t SPT Blows A.ng.le of cohesion
Site (soil classification) cont. weight (N) friction (kPa)
(%) (KN/m®) (degrees)
Sarshour Hotel Loose to medium dense, silty
in Mashhad® sand (SM), silty clay 4-28 16.5-19 10-30 20-26 0-10
(CL-ML)
Eef’;;r; lft?g)mplex 5;(2156(: Stg/[ r)nedlum dense, silty 19-30 18-20 12-50 0-33 0-5
Stiff to very stiff, sandy silt
Morvarid (ML) to high plasticity silt
Complex in (MH), high plasticity clay 18-26 18-19 17-50 19-30 10-33
Rasht* (CH), low plasticity clay
(CD)
*North East of Iran
°North of Iran
“North of Iran
3. RESULTS

During the initial work, it was observed that there is a unique relationship between the N value and the
torque measured [6]. These observations suggest that a simple relationship could be developed between
Nepepay and f;. Figures 2 and 3 show the graphical results of the tests at each site. The correlation is
somewhat different at each site, which suggests that the correlation is soil specific. Similar observations
have been made for the N values of SPT, where the unit skin friction (the skin friction of standard sampler)
is also dependent on the soil type [6]. Each linear correlation shown in Figs. 2 and 3 has the general form
of Eq. (3):

3)

fs =0 NEDCP(n)

where «, = empirical factor; and f, = unit skin friction (kPa).

Equation (3) has the same form as a number of reported correlations between deep foundation unit
skin friction values and SPT’s N values [11]. The reported f, correlation values for SPT test («,)
presented in the literature are soil dependent and range between 0.3 and 10.
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Fig. 2. Unit skin friction versus Ngpcp, for Coarse-Grained soils
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Fig. 3. Unit skin friction versus Ngpcp,) for Fine-Grained soils

The correlation between f; and Ny suggested that SPT is largely a skin friction test, something that
was noted nearly 30 years ago by Schmertmann [12]. In comparing the average trend lines suggested by
the EDCP-T data from these sites, the EDCP-T unit skin friction values were higher than the f; correlation
provided by Meyerhof [11] and Kelly & Lutenegger [6] for SPT tests.

The first possible explanation is that the SPT’s N values used by Meyerhof [11] were likely obtained
in earlier years using either a pin-weight hammer, where the N values would be higher as a result of the
lower energy levels produced by this type of hammer. In such a condition, the values of «, are lower.

The second possible explanation is that the SPT’s N values used by Kelley and Lutenegger [6] were
obtained from the standard SPT sampler which is a hollow tube section and has not been considered in Eq.
(1). In such a condition, the values of f; are lower than the actual values.

4. CONCLUSION

Application of EDCP device with supplemental torque measurement is a novel addition to the widely
accepted DCP device, normally used by engineers. The EDCP-T may prove to be cost effective for the
preliminary design of deep foundations since minimal added time and effort are required. The simple
procedure of measuring torque after driving provides a direct measurement of f; to be employed by the
design engineers. EDCP-T ’s f; data were compared to SPT-T7 obtained from other researchers studies. The
results presented in the present research may also help to provide justification for application of EDCP for
the design of piles, if torque (i.e., f;) is not directly measured. There is strong evidence that the dynamic
penetration measurement of EDCP (Npcpg,) value) is directly correlated to the static unit skin friction along
the side of the EDCP cone for specific soil types (e.g., ;).

REFERENCES

1. Scala, A. J. (1959). Simple methods of flexible pavement design using cone penetrometers. Proc. 2" Australia
New Zealand Conf. on Soil Mech. and Found. Eng., Christchurch, New Zealand. The Institution of Engineers,
New Zealand. p. 73.

2. Abu-farsakh, M., Khalid Alshibi, P.E., Nazzal, M. & Seyman, E. (2004). Assesment of in-situ test technology
for construction control of base courses and embankments. Report No, FHWA/LA.04/385, Louisiana
Transportation Research Center.

3. Mohammadi, S. D., Nikudel, M. R. & Khamehchiyan, M. (2007). The use of dynamic cone penetrometer (DCP)
to determine some useful relationships for sandy and clayey soils. Proceeding of the First Sri Lankan

Geotechnical Society (SLGS), International Conference on Soil and Rock Engineering, Colombo.

1JST, Transactions of Civil Engineering, Volume 36, Number CI February 2012



Unit skin friction from the extended dynamic cone pentrometer... 119

4. Webster, S. L., Grau, R. H. & Williams, R. P. (1992). Description and application of dual mass dynamic cone
penetrometer. U.S. Army Engineers, Waterways Experiment Station, /nstruction Report, No. GL-92-3.

5. American Society of Testing Materials (2003). Standard test method for use of the dynamic cone penetrometer
in shallow pavement applications (D 6951-03). ASTM International, West Conshohocken, PA.

6. Kelley, S. P. & Luttenegger, A. J. (2004). Unit skin friction from the standard penetration test supplemented
with the measurement of torque. Journal of Geotechnical and Geoenvironmental Engineering (ASCE), Vol. 130,
No. 5, pp. 540-543.

7. Kumar, J. (2006). Uplift response of strip anchors in sand using FEM. Iranian Journal of Science & Technology,
Transaction B: Engineering, Vol. 30, No. B4, pp. 475-486.

8. Shariatmadari, N. Eslami, A. & Karimpour-fard, M. (2008). Bearing capacity of driven piles in sands from SPT—
applied to 60 case histories. Iranian Journal of Sciences & Technology, B: Engineering, Vol. 32, No. B2, pp.
125-140.

9. Butcher, A. P., Mcelmeel, K. & Powel, J. J. M. (1995). Dynamic probing and its use in clay soils. Proc. Int.
Conf. on Advances in Site Investigation Practice, Thomas Telford, pp. 383-395.

10. American Society of Testing Materials, (2000). Standard test method for classification of soils for engineering
purposes (Unified Soil Classification System) (ASTM D 2487-00), West Conshohocken, Pa.

11. Meyerhof, G. G. (1976). Bearing capacity and settlement of pile foundations. J. Geotech. Eng Div., Am. Soc.
Civ. Eng., Vol. 102, No. 3, pp. 195-228.

12. Schmertmann, J. (1979). Statics of SPT. J. Geotech. Eng. Div., Am. Soc. Civ. Eng., Vol. 105, No. 5, pp. 655-670.

February 2012 1JST, Transactions of Civil Engineering, Volume 36, Number C1




<<
  /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
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


