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ABSTRACT: As larger ships and floating offshore structures are, and rougher the marine environment becomes nowadays, a 
drag embedment type anchor of more stable performance and higher holding power is requested. This paper describes an 
experimental study of the drag embedding motion and the resultant holding force of three types of drag embedment type anchor 
model (HALL, AC-14, SEC POOL-N, scale 1/10). 
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INTRODUCTION 
 

The basic understanding of the embedding motion and 
the holding power of drag embedment type anchors (DEA) is 
necessary to the development of DEA of more stable 
performance and higher holding power, although the 
selection of anchoring system depends mostly on the 
traditional intuitive way of using “Equipment No.” table and 
most recent studies focus only on deep water mooring of 
floating offshore structures. 

This paper describes an experimental study of the 
embedding motion and the resultant holding force of three 
types of DEA model. Their relations are analyzed with 
respect to the anchor geometry and the soil characteristics. 

 

 
 
Fig. 1 HALL type (KS, 2006). 

 
 
Fig. 2 AC-14 type (H.H.P.) (KS, 2006). 
 

 
 
Fig. 3 SEC POOL-N type (H.H.P.) (House, 2002). 
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DRAG EMBEDMENT TYPE ANCHOR 
 

DEA, which is one of effective and widely applied 
anchors for ships and floating offshore structures including 
wind turbines, accomplishes the required holding force by its 
embedding motion, when dragged horizontally. 

Three types of DEA (HALL, AC-14, SEC POOL-N, 
scale 1/10) shown in Figs. 1~3 are generally applied to 
floating offshore structures and commercial vessels 
nowadays on both hard and soft seafloor. 
 
 
 
DRAG EMBEDMENT TEST 
 
DEA model 
 
Eight sets of DEA model are shown in Fig. 4 and Tables 1~2. 
 

 
 
Fig. 4 Anchor geometry and effective area (Lee et al., 2011). 
 
Table 1 Anchor geometry. 

TYPE W (kgf) Wa (kgf) Ls (mm) Lf (mm)

HALL 
(θ1=42°) 

6000 7.36 293 154 

9350 10.68 339 175 

12300 13.38 175 196 

AC-14 
(θ1=35°) 

4500 5.74 264 163 

6975 8.62 305 188 

9225 11.30 333 206 
POOL-N 
(θ1=42°) 

6975 6.94 284 176 

9225 8.84 310 192 
W : Weight of anchor (class) 
Wa : Weight of model anchor 
Ls : Length of shank 
Sf : Length of fluke 

Table 2 Effective area. 
TYPE W (kgf) As (mm2) Af (mm2) 

HALL 

6000 8058 10010 

9350 12770 13852 

12300 13485 16148 

AC-14 

4500 5619 21802 

6975 7503 28320 

9225 10196 34502 

POOL-N 
6975 6541 29836 

9225 7748 35744 
As : Area of shank 
Af : Area of fluke 
 
Model test 
 

The drag embedment model test is carried out in the test 
tank (LൈBൈH=4000ൈ900ൈ900mm) shown in Fig. 5 with 
both hard (sand) and soft (mud) seafloor. Also, anchor 
embedment depths and holding forces are measured by the 
ruler and the load cell, respectively, located on wire between 
the winch and the upper sheave. 
 

 
 
Fig. 5 Test tank. 
 
Tank : LൈBൈH (mm)= 4000ൈ900ൈ900 
-  Load cell : strain gauge (S-BEAM) type, 200 kgf,    
            output 2.0±0.005 mV/V 
 
Test result 
 
Holding force and displacement 

 
The measured anchor holding force F to the dragged 

distance of each type of anchors on sand and mud seafloor 
can be graphically shown. (Figs. 6~19) 

 
X-axis : dragged distance of anchors (m), l 
Y-axis : holding force (kgf), F 
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Fig. 6 HALL type (sand). 
 

 
 
Fig. 7 HALL type (mud). 
 

 
 
Fig. 8 AC-14 type (sand). 
 

 
 
Fig. 9 AC-14 type (mud). 

 
 
Fig. 10 POOL-N type (sand). 
 

 
 
Fig. 11 POOL-N type (mud). 
 

 
 
Fig. 12 HALL type, 6000 kgf. 
 

 
 
Fig. 13 HALL type, 9350 kgf. 
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Fig. 14 HALL type, 12300 kgf. 
 

 
 
Fig. 15 AC-14 type, 4500 kgf. 
 

 
 
Fig. 16 AC-14 type, 6975 kgf. 
 

 
 
Fig. 17 AC-14 type, 9225 kgf. 

 
 
Fig. 18 POOL-N type, 6975 kgf. 
 

 
 
Fig. 19 POOL-N type, 9225 kgf. 
 

 
 
Fig. 20 Max. holding force of model anchors. 
 

 
 
Fig. 21 Max. holding power of model anchors. 
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As shown in Figs. 6~19, the holding force F increases 
steeply after initial penetration stage of model anchors and 
finally converges to its max. holding force. The holding force 
and the embedment depth on mud soil are higher than those 
on sand soil, respectively. It holds in all three types of anchor. 

Also, Fig. 20 shows that the max. holding force of bigger 
model anchors is higher than that of the smaller ones of the 
same model. 

The anchor embedding capability can be represented by 
the max. holding power, which is defined as the ratio of the 
max. holding force to its weight on Y-axis.  

As shown in Fig. 21, the max. holding powers measured 
at the model test differ from each other in different types of 
anchor and soil. 
 
Comparison with NCEL’s anchor holding capacity 
 

The anchor holding capacities from the model tests are 
plotted on the graphs prepared by NCEL in Fig. 22, and 
compared with each other to accredit them. 
 

 
 
Fig. 22 Comparison with NCEL’s anchor holding capacity 
(NCEL 1987). 
 
Anchor embedment depth 
 

In order to verify the relation between the holding 
capacity and the embedment motion of each anchor, final 
depths of the anchor pin and the fluke tip are measured after 
each test of anchors on both sand and mud seafloor, of which 
mean values are described in Tables 3~4. 

Table 3 Anchor embedment depth (sand). 
TYPE W (kgf) Ds (mm) Df (mm) 

HALL 
6000 0 144 
9350 0 164 

12300 0 183 

AC-14 
4500 0 157 
6975 0 182 
9225 0 199 

POOL-N 6975 0 177 
9225 0 193 

Ds : Depth of anchor pin 
Df : Depth of fluke tip 
 
Table 4 Anchor embedment depth (mud). 

TYPE W (kgf) Ds (mm) Df (mm) 

HALL 
6000 57 173 
9350 83 240 

12300 80 250 

AC-14 
4500 130 260 
6975 140 373 
9225 113 230 

POOL-N 6975 168 328 
9225 170 327 

 
Soil characteristic 
 

The particle size distribution of sand and mud used in the 
test, was obtained by the sieve analysis according to KS 
F2309 (Figs. 23~24) and the hydrometer analysis according 
to KS F2302-92 was additionally made for mud’s very small 
particles (Fig. 25). 
 

 
 
Fig. 23 Particle size distribution (sand). 



198 Inter J Nav Archit Oc Engng (2011) 3:193~200
 
 

 

 
 
Fig. 24 Particle size distribution (mud). 
 

 
 
Fig. 25 Particle size distribution (mud). 
 

As shown in Fig. 23, the soil used in the sand test 
consists most of sand (around 96%), according to USCS 
(Unified Soil Classification System). 

 
Particle size - clay : ~ 0.005 mm,  
silt : 0.005 ~ 0.07 mm,  
sand : 0.07 ~ 2 mm,  
gravel : 2 mm ~ 
 
The soil used on the mud test consists of clay (25%), sand 

(60%), and gravel (15%), as shown in Figs. 24~25. 
The wet density of each soil is measured as below. 

Density(ρ) : 1779 kg/m3 (sand), 1942 kg/m3 (mud). 

ANCHOR EMBEDMENT MOTION 
 

The embedment motion can be diversified by three (3) 
stages as in Figs. 26~27. (Lee et al., 2011) 
 

 
 
Fig. 26 Anchor embedment motion. 
 

 
 
Fig. 27 Simplified anchor embedment motion. 
 
1st stage : At the first stage of anchor being dragged, anchor 

fluke tends to rotate and to be embedded into soil by soil 
resistance on the tripping palm and weight of soil 
accumulated over the fluke. 

2nd stage : As the anchor fluke rotates with embedment to its 
max. angle (35° for AC-14, 42° for HALL and POOL-N), 
the anchor shank is going to rotate and to be embedded to 
the force equilibrium state. 

3rd stage : After the force equilibrium of anchor drag force to 
soil resistance is established, the anchor is dragged 
without further embedment, and the max. holding force 
of DEA is acquired at this stage. 
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ANCHOR HOLDING FORCE 
 
Conventional marine anchor are characterized by 

a. Shallow embedment due to large shank width 
b. Development of soil heave due to large fluke wedge 

angle 
c. Bi-directionally embedment due to fluke rotation 
d. Holding force depends on the weight of anchor 

 
F=W·N                                         (1) 
 
W : Weight of anchor 
N : Bearing capacity factor  
 
Newly developed offshore anchor are characterized by 

a. Deep embedment due to small shank width (plated 
dual shank) 

b. No development of soil heave due to small fluke 
wedge angle (corrugated plate fluke) 

c. One directional embedment due to fixed fluke 
d. Holding force depending on the soil weight of 

failure wedge in Fig. 28. (Neubecker and Randolph, 
1996 b) 

 
F=A·ρg·d·N                                     (2) 
 
ρ : Density of wet soil 
g : Acceleration of gravity 
d : Depth of fluke 
N : Bearing capacity factor 
 

 
 
Fig. 28 Failure wedge (Vryhof, 2010). 
 

Development of soil heave in Fig. 29 affects the soil 
weight of failure wedge (Neubecker and Randolph, 1996 a). 

 

 
 
Fig. 29 Development of soil heave. 

Based on the test results, the anchor holding force can be 
diversified by that in each stage (Fig. 30) 

 
F1 : Initial drag force 
F2 : Final drag force of stage 1 and initial drag force of stage 2 
F3 : Final drag force of stage 2 (max. holding force) 
 

 
 
Fig. 30 Simplified curve of drag force. 
 
Table 5 Drag force of each stage (sand). 

TYPE W (kgf) F1 (kgf) F2 F3 

HALL 
6000 6 11 36 
9350 8 13 56 

12300 12 19 62 

AC-14 
4500 4 6 42 
6975 6 10 58 
9225 8 14 94 

POOL-N 
6975 7 13 60 
9225 8 16 80 

 
Table 6 Drag force of each stage (mud). 

TYPE W (kgf) F1 (kgf) F2 F3 

HALL 
6000 14 19 52 
9350 16 22 74 

12300 19 30 86 

AC-14 
4500 8 12 62 
6975 10 15 77 
9225 13 20 96 

POOL-N 
6975 10 12 111 
9225 12 16 114 

 
The drag force in each stage can be differently derived as 

below. 
In the 1st stage, most of drag forces are caused by friction 

between anchor and soil and the equation (1) can be used as a 
drag force equation. 
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F1, F2=N1· (W+C·Wadd)                          (3) 
 

N1 : Bearing capacity factor of stage 1 
W : Weight of anchor 
Wadd : Weight of sand accumulated over the fluke 
      (Wadd = (Af·Lf·ρg·sinθ1) / 2) 
C : calibrating constant, including soil heave effect 
γ : Specific weight of wet soil (γ = ρg) 
 

On the 2nd stage, most of drag forces are caused by soil 
resistance on the failure wedge surface and the equation (2) 
can be used as a drag force equation. 
 
F3=F2+N2·Af·ρg·d                               (4) 
 
N2 : Bearing capacity factor of stage 2 
A : Fluke area 
d : Depth of fluke 
 

By applying the test results to Eqs. (3) and (4), bearing 
capacity factors of each stage are derived as in Tables 7~8. 
 
Table 7 Bearing capacity factor (sand).     

TYPE W (kgf) N1 C N2 

HALL 
6000 0.79-0.82 

1.2 
9.75 

9350 0.71-0.75 10.60 
12300 0.90-0.96 8.18 

AC-14 
4500 0.70 

1.6 
5.91 

6975 0.70 5.23 
9225 0.71 6.55 

POOL-N 
6975 1.01-1.05 

1.8 
5.00 

9225 0.90-0.93 5.21 
 
Table 8 Bearing capacity factor (mud).      

TYPE W (kgf) N1 C N2 

HALL 
6000 1.81-1.90 

1.2 
11.80 

9350 1.40-1.50 11.80 
12300 1.42-1.50 9.76 

AC-14 
4500 1.35-1.39 

1.6 
7.52 

6975 1.12-1.16 6.19 
9225 1.11-1.15 5.70 

POOL-N 
6975 1.44-1.45 

1.8 
9.65 

9225 1.35-1.36 7.32 
 
 
 
 
 
 
 
 

CONCLUSIONS 
 

This study is carried out to verify the drag embedding 
motion and the resultant holding force of three types of 
anchor models (HALL, AC-14, POOL-N) on both hard(mud) 
and soft(sand) seafloor, and to derive governing equations, 
regarding the relations of the anchor geometry and the 
holding force. 

Considering the test results, the anchor embedding 
motion is diversified by three stages with different kinds of 
motion and force applied and, finally, the governing drag 
force equation in each stage is derived with respect to the 
anchor geometry and the embedded depth on both hard and 
soft seafloor, using the bearing capacity factor. 

The results can be used to verify the actual holding 
capacity of each type of DEA, as reference, and be used as 
fundamental data for the development of more efficient and 
higher performance DEA in the future. 
 
 
 
ACKNOWLEDGEMENT 
 

This work was supported by the Human Resources 
Development of the Korea Institute of Energy Technology 
Evaluation and Planning (KETEP) grant funded by the Korea 
government Ministry of Knowledge Economy. (No. 
20114030200050 ) 
 
 
 
REFERENCES 
 
House, D.J., 2002. Anchor Practice. 1st Ed. Witherby. 
KS V 3311, 2006. Anchor. Korean Standards Association. 
Lee, J.H. Seo, B.C. and Shin, H., 2011. Experimental Study of 

Embedding Motion and Holding Power of Drag 
Embedment Type Anchor on Sand Seafloor. Journal of the 
Society of Naval Architects of Korea, 48(2), pp.183-187. 

Naval Civil Engineering Laboratory (NCEL), 1987. Drag 
embedment anchors for navy moorings. 

Neubecker, S.R. and Randolph, M.F., 1996a. The Kinematic 
Behavior of Drag Anchors in Sand. Can. Geotech. J. 33, 
pp.574-583.  

Neubecker, S.R. and Randolph, M.F., 1996b. The Static 
Equilibrium of Drag Anchors in Sand. Can. Geotech. J. 
33, pp.584-594.   

Vryhof Anchors B.V., 2010. Anchor manual 2010 [online] 
(Updated 2006) Available at : http://www.vryhof.com 
[Accessed 24 September 2011]. 

 



<<
  /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


