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Effect of Particle Breakage on Compaction and Thermal Resistivity
of Concrete-based Recycled Aggregates

2
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Abstract

The strict regulations on eco-friendly construction and the significant reduction of natural aggregate resources have
raised public concerns on the utilization of recycled aggregates for backfilling a power transmission pipeline trench.
In this paper, the particle breakage of concrete-based recycled aggregates and river sand has been experimentally studied
during the standard compaction test. The applied compaction energy does not significantly break the river sand particles
down, and thus causes no change in the compaction curve, thermal resistivity, and particle gradation characteristics.
On the other hand, considerable particle breakage was observed in case of the three recycled aggregates. Such particle
breakage leads to enhancing compaction effort, reducing thermal resistivity, and changing particle gradation curve with
finer particles that are broken during the first compaction. In addition, particle breakage is more dramatic in lower water

contents because pore water may damp down the compaction energy.
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Fig. 1. Grain-size distribution curve of aggregates



Table 1. Parameters of grain-size distribution curve

Criteria River sand Goyang Gyeongsan Chilgok
Passing #4 sieve (%) 98.69 93.64 84.17 89.84
Passing #200 sieve (%) 1.24 1.38 3.34 4.47
Dio (mm) 0.20 0.27 0.22 0.20
D3o (mm) 0.32 0.73 0.74 0.69
Deo (mm) 0.55 1.92 2.33 2.20
Cu 2.79 7.03 10.42 11.10
Ce 0.95 1.03 1.05 1.08
Uscs SP Sw SW SW

Table 2. Mineral content of aggregate

22 ¥ &Y

Mineral Goyang Gyeongsan Chilgok
Quartz (%) 50.6 32.5 40.0
Albite (%) 22.6 31.4 21.8

Orthoclase (%) 13.5 11.6 18.4
Muscovite (%) 3.2 11.2 7.5
Calcite (%) 2.8 6.8 8.5
Chlorite (%) 3.5 2.9 -
Biotite (%) 3.1 1.4 1.9
Magnetite (%) 0.7 2.2 1.9
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Table 3. Parameters of grain-size distribution curve after compactions (River sand)

0% 3% 5% 10% 15%

Crteria Water content m o m o m o m o m o
comp. comp. comp. comp. comp. comp. comp. comp. comp. comp.

Passing #4 sieve (%) 98.77 98.79 98.52 98.45 98.67 98.64 98.79 98.77 98.62 98.52
Passing #200 sieve (%) 1.60 1.69 1.48 1.45 1.40 1.78 1.92 1.60 1.85 1.48
Dio (mm) 0.19 0.19 0.20 0.21 0.20 0.19 0.20 0.19 0.19 0.20

D3 (mm) 0.31 0.32 0.32 0.34 0.33 0.32 0.33 0.31 0.33 0.32

Deo (mm) 0.52 0.55 0.55 0.59 0.58 0.56 0.58 0.52 0.58 0.55

Cu 2.75 2.85 2.82 2.88 2.89 2.94 2.96 2.75 2.99 2.82

Ce 0.98 0.98 0.95 0.94 0.95 0.97 0.96 0.98 0.96 0.95
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Fig. 14. Comparison of grain-size distribution curve after compaction (Goyang)

Table 4. Parameters of grain-size distribution curve after compactions (Goyang)

0% 3% 5% 10% 15%

Crteria Water content m o m o m o m o m o
comp. comp. comp. comp. comp. comp. comp. comp. comp. comp.

Passing #4 sieve (%) 95.07 96.11 94.82 95.95 92.61 93.80 91.37 93.47 92.79 94.12
Passing #200 sieve (%) 1.17 1.73 1.22 2.14 1.24 1.99 0.90 1.28 1.49 2.12
Dio (mm) 0.24 0.22 0.25 0.21 0.27 0.22 0.25 0.26 0.27 0.23

D3 (mm) 0.57 0.49 0.61 0.48 0.72 0.55 0.64 0.64 0.71 0.60

Deo (mm) 1.59 1.34 1.72 1.35 1.99 1.62 1.86 1.73 1.98 1.73

Cu 6.64 6.20 6.90 6.38 7.28 7.25 7.57 6.67 7.44 7.64

Ce 0.84 0.84 0.88 0.82 0.95 0.83 0.91 0.92 0.95 0.90
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Fig. 15. Comparison of grain-size distribution curve after compaction (Gyeongsan)

Table 5. Parameters of grain-size distribution curve after compactions (Gyeongsan)

Wat rent 0% 3% 5% 10% 15%
ater conten s nd s nd s n s n s n
Criteria 1 2 1 2 1 2 1 2 1 2
comp. comp. comp. comp. comp. comp. comp. comp. comp. comp.
Passing #4 sieve (%) 84.74 90.02 88.71 92.79 85.90 88.57 85.63 85.52 83.97 86.75
Passing #200 sieve (%) 4.25 5.60 4.81 4.92 4.15 4.68 3.79 2.93 4.38 2.62
Do (mm) 0.19 0.15 0.18 0.17 0.20 0.17 0.20 0.22 0.22 0.25
Dao (mm) 0.65 0.52 0.58 0.44 0.65 0.57 0.68 0.67 0.82 0.70
Deo (mm) 2.15 1.7 1.76 1.32 1.95 1.77 217 2.07 2.62 2.21
Cu 11.60 11.59 9.97 7.87 9.83 10.48 10.62 9.32 11.86 8.72
Ce 1.05 1.06 1.10 0.88 1.08 1.08 1.03 0.99 1.15 0.88
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Fig. 16. Comparison of grain-size distribution curve after compaction (Chilgok)

Table 6. Parameters of grain-size distribution curve after compactions (Chilgok)

Wat rent 0% 3% 5% 10% 15%
ater conten st nd st nd st nd st nd st 2nd
Criteria 1 2 1 2 1 2 1 2 1
comp. comp. comp. comp. comp. comp comp. comp. comp. comp.
Passing #4 sieve (%) 90.77 93.14 89.71 92.24 89.82 90.48 89.04 89.65 89.07 89.73
Passing #200 sieve (%) 517 8.56 5.12 5.54 4.50 4.40 4.62 5.04 4.98 5.01
Dyo (mm) 0.17 0.12 0.17 0.14 0.18 0.16 0.19 0.18 0.18 0.17
Dgo (mm) 0.53 0.36 0.54 0.36 0.60 0.47 0.63 0.59 0.66 0.65
Deo (mm) 1.86 1.40 1.82 1.32 2.07 1.71 2.1 1.96 212 2.1
Cu 11.12 11.59 10.59 9.44 11.29 10.87 11.20 11.06 11.49 12.12
Ce 0.91 0.79 0.93 0.69 0.95 0.82 0.99 0.99 1.12 1.13
USCs SP—-SM | SP-SM | SP-SM | SP—-SM SP SP SP SP—-SM SW SW-SM
o 5, A o] viste] e@EAle WHREe I ey A Ao Aeder sEen o
cHoll ofsf AAP7E Al stE o] Aol HAf= o 42 #AE =Ytk
ksl 2] 3L, Dsoo] ZH4aksick
@) =g=A HRAl A E A7 Eshe =2 Z 9 (References)

ASAGOR Aokl WG] FA(10%, 15%) W
ohe AR 0%, 3%, %A o ol
stol Wkl o3t hw AR AAY A,
el w YEREY Wbt ARG oM FR

sheirt.

ALl =2

o] EEL 2014 % AR (YR

[
o}

Tfati) o] Ao

2 S ATA o] 2 Y(NRF-2014R1A2A2A01007883)

ZICIE W ==

. Jun, M-H, Lee, S-H, Lee, S-B, and Lee, D-H (2004), “A Study on
Quality Investigation of Domestic Recycled Aggregates”, Journal
of Architectural Institute of Korea, Vol.24, No.1, pp.203-206.

. KS F 2312 (2001), Test method for soil compaction using a
rammer.

. Lade, P. V., Yamamuro, J. A., and Bopp, P. A. (1996), “Significance
of Particle Crushing in Granular Materials”, Journal of Geotechnical
Engineering, ASCE, Vol.122, No.4, pp.309-316.

. Lee, Y., Kwan, Y-W, and Hyun, J-H (2005), “The Engineering
and Environmental Properties of Reclaimed Concrete Materials as
Road Materials”, Journal of the Korean Geo-environmental Society,
Vol.6, No.3, pp.17-23.

el My S0l e CH



5.

28

Oh, K. D., Kim, D. H., and Kim, K. Y. (2008), “Characteristics
of Thermal Resistivity of Recycled Aggregate on Water Content”,
Proceedings of 2008 KSCE Conference, pp.3883-3886.

. Son, Y. H. and Chang, P. W. (2009), “Breakage Index of Weathered

Soil Reflecting Breakage Level and Weathering Degree”, KSCE
Journal of Civil Engineering, Vol.13, No.5, pp.325-332.

. Wi, J., Hong, S-Y, Lee, D-S, Han, E., and Choi, H. (2010),

“Laboratory Experiment To Characterize Thermal Properties of
Recycled-Aggregate Backfill”, Proceedings of 2010 KGS Fall

s=Xgtssel=2d8 M3t M10=

Conference, pp.1231-1238.

. Wi, J., Hong, S-Y, Lee, D-S, Park, S., and Choi, H. (2011),

“Evaluation of Compaction and Thermal Characteristics of Recycled
Aggregates for Backfilling Power Transmission Pipeline”, Journal
of Korean Geotechnical Society (KGS), Vol.27, No.7, pp.17-33.

Received : August 18", 2015
Revised : September 26", 2015
Accepted : September 30™ 2015




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


