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1 Introduction

Breaking down of the pile top and mechanical removals of 

concrete structures pose a risk to the occupational health of 

those involved in the operation and also to others in the vicinity, 

due mainly to the noise hazard. A controlled blasting method 

utilizing charge holders was suggested to prevent the need for 

the mechanical breaking methods. (Fourney et al. 1978, 

Katsuyama et al. 1983, Nakagawa et al. 1986, Nakamura et al.

1997 and Nakamura 1999) Recently in-situ blasting 

experiments were conducted to examine the effectiveness of a 

diamond-shaped charge holder in breaking down of the 

concrete pile top.

This study proposes a numerical method to simulate fracture 

propagations in the full scaled concrete pile top by means of 

blasting method. The influence of the shot time lag and spacing 

distance of the diamond-shaped charge holders on the fracture 

patterns were investigated. 

2 Dynamic Fracture Process Analysis(DFPA) and condition 

of the analyses in blasting using diamond-shaped charge holder

This study improved the dynamic fracture process analysis 

(DFPA) code (Cho et al, 2003 and Cho et al, 2008) to describe 

breakage of concrete pile top by blast technique using charge 

holders. In the dynamic fracture process analysis, the increment 

displacement form of a dynamic finite element method is used 

to explain large displacement behavior. A re-meshing 

algorithm is used to model crack propagation, assuming that 

tensile fractures, i.e., crack initiation, propagation, and 

interconnection, occur at element boundaries. Therefore, the 

cracks are modeled as separations from element boundaries 

that do not change the shape of the elements. At each element 

boundary, the fracture potential is checked at every time-step. 

The fracture potential is calculated from the ratio of the normal 

stress and tensile strength at the element boundary. If the 

fracture potential of two elements exceeds 1, the node between 

the elements is separated into two nodes. Since the cracking 

and fracture processes are treated as the separation of elements, 

contact problems, i.e., overlapping of the separated elements 

may occur due to the perpendicular compression stress that is 

applied to the separated elements. This problem is solved 

iteratively to prevent meshing overlaps when the separated 

elements are in contact with each other. 

2.1 Condition of the analyses 

Fig.1 shows the finite element layout for the analysis 

models which has a circular free face and 4 diamond-shaped 

charge holders installed 515mm from the center of the model

(Model 1). The model was divided into triangular elements. 

The diameter of outside boundary is 1500mm and the

diamond-shaped charge holders are 36.4mm, respectively. 

The model considers the geometry of the full scaled concrete 

pile specimens. Thickness of the charge holder is 1.6mm. 

The minimum size of the elements used in this study is 1mm.

(25)



 
 

The analysis model applied the same parameters used and 

calculation conditions as listed in Table 1. The model 

conditions having different shot time lags and spacing 

distance between the diamond -shaped charge holders and

the center of the model was shown in Table.2 

Fig. 1 Finite element layout for the analysis model

Table 1. The parameters used and calculation conditions. 

Parameters Value

Density (kg/m3) 2170

Elastic modulus � (GPa) 36.17

Poisson's ratio � 0.249

Mean ��������	
������
����������� 80

���
���
�	�������
����������� 8 

P wave velocity C (m/s) 4500

S wave velocity C (m/s) 2601

Coefficient of uniformity 5 

Table 2. Conditions of the analysis models  

Model Shot time lag
Distance from the center

(mm)

1 0 �s 515

2 2 holes at 200 �s 515

3 200 �s 515

4 0 �s 415

5 0 �s 580

20 ��

80��

160��

240��

(a) Maximum principle stress distribution

(b) Resultant fracture pattern

Fig. 2 Maximum principle stress distribution and resultant

fracture pattern in Model 1



 
 

3. Dynamic fracture processes of the analysis model having

diamond-shaped charge holders

3.1 Model description and simulation results

Fig.2 shows maximum principle stress distributions and 

resultant fracture patterns for Model 1 with the lapsed time. In 

Fig. 2(a), red color intense indicates tensile stresses and blue 

color intense indicates compressive stresses. At 20us, tangential 

tensile stress fields concentrate around the tips of the charge 

holders. After 60us, the tensile cracks generated from the tips of 

the charge holders propagate toward the center and the outside 

boundary. At 240us, the cracks bifurcate around the center of 

the model and connect each other. Fig. 2(b) shows resultant 

fracture patterns as a result of the Model I analysis. It was 

concluded that the concrete pile may separate into 4 fragrmens

by menas of control blast technique using charge holders.     

3.2 Influence of the shot time lag of the diamond-shaped 

charge holders on the fracture processes

To examine the influence of the shot time lag of the

diamond-shaped charge holders on the fracture pattern, the 

models which have different shot time lags for two holders and 

each hole had been analyzed. Fig. 3 compares the resulatant 

fracture patterns of Model 2 and 3 which have different shot 

time lags for two holes and each hole repectively. A pair of 

No.1 and No. 3 charge holders in Model 2 has no shot time lag, 

while a pair of No. 2 and No. 4 charge holeders has the shot 

time lag of 200��. Fig. 3 (a) shows the resultant fracture 

patterns of Model 2. The fracture plane connecting No 1 and 

No 3 charge holders are generated while the cracks propagated 

from No. 2 charge holder does not connect with the fracture

plane. Charge holders in Model 3 have 200 �� of shot time lag.

The order of firing was No. 4, No. 1, No. 2 and No. 3. Fig. 3 

(b) shows the resultant fracture patterns of Model 3. Cracks 

generated from the first shot bifurcated around the center of the 

model and propagated toward the upper and lower sections of 

No. 2 charge holder. The fracture planes connecting charge 

holders are generated. This may lead to 4 more fragments of 

the model. Utilmately, it is concluded that the although the shot 

time lag of charge holders effects on the crack propagations, it 

seems that the shot time lag does not effect on removing of the 

concrete pile. 

3.3 Influence of the spacing of the diamond-shaped charge 

holders on the fracture processes 

In order to investigate the influence of the spacing of the

diamond-shaped charge holders on the fracture pattern, the 

(a) Model 4 

(b) Model 5 

Fig. 4 Resultant fracture patterns of the analysis models 

considering different distances from the center of the model 

(a) Model 2 

(b) Model 3 

Fig. 3 Resultant fracture patterns of the analysis models 

considering different shot time lags.



 
 

models which install four charge holders at 415 mm and 

580mm long distance from the center of the model were 

analyzed. Fig. 4(a) shows the resultant fracture pattern of 

Model 4 which has 415mm spacing distance. The cracks 

bifurcated around the center and connected each other. This 

may leads to removing of the concerte pile model. Fig. 4(a) 

shows the resultant fracture pattern of Model 5 which has 

580mm spacing distance from the center. Cracks bifurcated at 

early time and did not occur around the center. This may cause 

a failure of breaking down of the concrete pile. Utilmately, it is 

concluded that the the spacing distance of charge holders 

effects on the removing of the concrete pile and might be a 

important parameter for designing the concrete pile top 

breakage method utilizing charge holders. 

4. Conclusion

This study proposed a numerical method to simulate fracture 

propagations in the full scaled concrete pile top by means of 

blasting method. The influence of the shot time lag and spacing 

length of the diamond-shaped charge holder on the fracture 

patterns were investigated. The findings from this study are 

followed as;

From the analysis results from Model 1 utilizing four 

diamond-shaped charge holders with no shot time lag, 

tangential tensile stress fields concenturated around the tips of 

the charge holders lead to predominant crack propagations. At 

late stage, the cracks bifurcated around the center of the model 

and connect each other. Finally, this led to removing of the 

concrete pile. 

To examine the influence of the shot time lag of the

diamond-shaped charge holders on the fracture pattern, Model 

2 and 3 which have different shot time lags for two holes and 

each hole repectively had analyzed. Utilmately, it is concluded 

that the although the shot time lag of charge holders effects on 

the crack propagations, it seems that the shot time lag does not 

effect on removing of the concrete pile. 

In order to investigate the influence of the spacing of the

diamond-shaped charge holders on the fracture pattern, the 

models which install four charge holders at 415 mm and 

580mm long distance from the center of the model were 

analyzed. Utilmately, it is concluded that the the spacing 

distance of charge holders effects on the removing of the 

concrete pile and might be a important parameter for designing 

the concrete pile top breakage method utilizing charge holders. 

This work (Grants No.113431) was supported partially by 

Business for Cooperative R&D between Industry, Academy, 

and Research Institute funded Korea Small and Medium 

Business Administration in 2010.

References  
 
1) Fourney, W.L., Dally, J.W. and Holloway, D.C. : Controlled 

blasting with ligamented charge holders. Int. J. Rock Mech. 

Min. Sci. and Geomech. Vol.15, pp.121-129, 1978. 

2) Katsuyama, K., Kiyokawa, H. and Sassa, K. : Control the 

growth of cracks from a borehole by a new method of the 

smooth blasting. Mining and Safety, Vol.29, pp.16-23, 1983

3) Nakagawa, K., Nishida, T., Ono, Y. and Kawakami, J. : 

Blast crack control and smooth blasting using notched blast 

hole technique. Proc. Japan Society Civil Engineers. 

Vol.373(VI-5), pp.131-138, 1986

4) Nakamura, Y., Iwamoto S., Ohhara, T. and Mukugi J. :

Model experiments on the effectivenesss of guide holes 

with notches for blast crack control, Kayaku Gakkishi, Vol. 

58, No. 3, 1997 
5) Nakamura, Y. : Model experiments on effectiveness of 

fracture plane control methods in blsting, International 

Journal of Blasting and Fragmentation, Vol.3, pp.59-78, 

1999 
6) Cho, S.H. : Dynamic fracture process analysis of rock and 

its application to fragmentation control in blsting, Ph. D. 
Eng. Thesis, Hokkaido University at Sapporo, 2003 

7) Cho, S.H. : Numerical study of fracture plane control in 
laboratory-scale blasting, Engineering Fracture 
Mechanics, Vol.75, pp.3966-3984, 2008 



<<
  /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 <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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


