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A Study on Friction Characteristics of Backfill Material for Heat Transport Pipeline
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ABSTRACT

The objective of this paper is to minimize installation length of pipeline and to reduce burial depth for construction by
increasing the friction coefficient caused by the interface between backfill material and pipeline. And then, the sufficient
friction coefficient shortens the length of expansion joint pipe and gives the life extension of expansion joint absorber for
efficient procedure regarding maintenance and administration of construction. The backfill material which is developed in
this study has larger and smaller friction angle than that of conventional backfill material (river sand). The backfill material
with tire powder provides low friction angle at curved section when pipe diameter increases in size (38% reduction at pipe
diameter in 900 mm). When using backfill material with river sand and fly-ash, the mixture mixed with 1.5% fly—ash has
30% and that with 3% fly-ash has 50% reduction effect for minimum installation length of expansion joint pipe.
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Fig. 1. (a) Expansion joint pipe at curved section, (b) Demage
of curved section in pipe
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(a) Allowable expansion joint
AT=T,- T,=65 °C -10°C= 55°C
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(b) Not allowable expansion joint

Fig. 2. Relation between stress—displacement by two types of
expansion joint
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Fig. 3. Various expansion joint absorbers

Fig. 4. Expansion joint absorbers(foam—pad) in field
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Fig. 6. Contraction of pipeline by heat out flow
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Table 1, Physical properties of river sand

Specific gravity, Gs 2.646 UsCs SW
Liquid limit, LL N P Dio 0.140
Plastic limit, PL N.P Dao 0.375

Uniformity coefficient, Cy 6,28 Dso 0.673
Curvature coefficient, C¢ 1.14 Dso 0.879
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Fig. 9. Particle size distribution of river sand
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Fig. 10. Compaction test result of river sand

Table 2. Types and Conditions for Tests

Backfill ) Mixed ) Mixed
material Admixture content(%) Admixiure content(%)
50 10
10.0 15
12,5
River sand | Tire powder 15.0 Fly—ash 20
16.0 25
175
3.0
20.0 '
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Fig. 11. (a) Direct shear test result of river sand, (b) Failure
envelop of river sand
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Fig. 12. (a) Direct shear test result of mixture with river sand
95% + tire powder 5%, (b) Failure envelop of mixture
with river sand 95% + tire powder 5%

Table 3. Mechanical properties of backfill materials with tire

powder
ri:feifilll Admixture cor:fhexnetd(%) (kijz) ((Z))
5.0 20 38°
10,0 38 35°
12,5 22 33°
River sand | Tire powder 15.0 33 28°
16.0 29 29°
175 21 32°
20.0 23 33°
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Fig. 13. Variation of friction angle depend on tire powder
mixture ratio
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Fig. 14. Comparison of friction angle by tire powder
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Fig. 17. Cross—section in numerical program
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(a) Direct shear test result of mixture with river sand

Fig. 18.

97% + fly—ash 3%, (b) Failure envelop of mixture with

river sand 97% + fly—ash 3%

AN

B
AV
\/

KT
K
K
O

N
\/

,

£\

RN

‘é‘#gb )

s
7Y

RS

AN
Y

N

<]
i

AV

I

2

A

>

(a) River sand 97.5% + Fly—ash 2.5%
(b) River sand

RN

AN

5

1

WA
&

A

N
(c) River sand 85% + Tire powder 15%

=

K

N

KW/

IR R RS

N

2
D
RS
PR

T

e T T

2B + Fly-ash A2

4.3

(d) Clay
Fig. 16. Comparison of settlement & deformation

Table 4. Physical & mechanical properties
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Table 5. Mechanical properties of backfill materials with

fly—ash
Backfill ) Mixed [ ¢
material Admixiure content (%) | (kN/m?) (°)
1.0 56 44°
15 88 51°
River sand Fly—ash 2.0 63 b54°
25 40 b5°
3.0 14 60°
80
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<
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Rl
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Fig. 19. Variation of friction angle depend on fly—ash mixture
ratio
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Fig. 20. Unconfined strength by fly—ash mixture ratio
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Fig. 21. Minimum installation length by fly—ash mixture ratio
and pipe diameter

80 FIESMRSE=RY M2 s

AQl A

I WRupEz: 371 317} Fly-ashihE 58
e §le A0R eyt weba o]stoAl= Fly-ash &

SRz of th3] HESICE Table 59} Fig. 199 |54 Fly-
ashe] EqI7 7ol ufe} uRelze dgdos

SIS SR Fysh £ SSAE 4317 3
& 4AZelE BhE 4N 5 9L JoR BaE

A d2 9t @ SERRY| fAESE BoldlA 8t
7] s Aok (g, )= FHEFE 22 1000kN/m’o)
5t L7} Qlek. Fig 209] Fly-ash&3H] o] uh& A=<t
27t e S e 9laL, o] 1ol|A] Fly-ashe] 34| &3ts

I

14% A=z YeRtal Qch Fig. 219f+= Fly-ash &3}
uo] W2 X4 4ol MatS trehyeict. Fly-ash
S 1.5%00A 2|4 dA]dolo] Zaaite= oF 30%,
Fly-ash Z3H] 3%0l|A] 22 H2]4d0]9] aaite= of
50%% YERYI Q)

582
B AL o auE AAR|A npA 4] 2
7HE Bl WRO| A AAolE TAAA A AlF Al
jAdzlo]e] F7HE Aok, SES upREE AlFhe
-

2 URei28el 44 o ‘%m Al

B e e
$53 9l HeAel JudE 2 yRokEze vt
A Ao WinhEe 1 el A
oh R RO Huleel) tig dwie] A

o
U AP AT BAS F3) chet 2 AES =S

(1) st 43 52 EAo] o] vlgl] detshA] ¢k,
W suparzto] Zpmefjol vlsl 2| =& =ulEAll=
Zrmef+etolo] Futel Ao g 2AME QT Egu]z)

S71goll wheh ez Agule gashe A

Holuf, E3H0] 15% o)/l HH thA] F7Fsh=

& HIrt

(2) IRl golof 2 23t HulFAE AR A

t AEEFA 71siAl= v el
A A Uk Qe AoR yehda,
900mmof| 4 9] kel oF 38% A4S W irh

(3) E+Fly-ash &gt HH|l2AHE AR 9, Fly-

ox fo o

2



ash E3u] 15%0l 4 2 4 70)9] Fafal o
30%, Fly-ash E3] 3%0l4] 24 477o]9] 2
R OF S0%E LERET Glo], o S4mRe B8
2ol NF 9 RAVEF AR5 AoR ljEe,

Acknowledgement

This work was supported by the Power Generation and
Eletricity Delivery of the Korea Institute of Energy Tech-
nology Evaluation and Planning(KETEP) grant funded by
the Korea government Ministry of Knowledge Economy
(No. 20101020200330)

References

1. Arbeitsgemeinschaft fiir Fernwérme e.V. (1991), The Plastics
which It uses from District Heating-The Combination PE

Tube, Korea District Heating Corporation.

. Kim, J. H. (2004), “The Relief Method of Thermal Stress

induced by Temperature Change of District Heating Water in
underground Pre-insulated Pipe”, The Society of Air-Conditioning
and Refrigerating Engineers of Korea, Vol.2004, pp.224.

. Kim, J. Y., Kim, H. B,, Ko, H, I, An, Y. M., Cho, C. D. (2009),

“Design Validation and Improvement of District Heating Pipe
Using FE Simulation”, The Korean Society of Mechanical
Engineers, Vol.33, No.4, pp.337-345.

. Kim, J. Y. (2011) A Study on the Reinforced Bends with

Transverse Load Carrying Capacity for Pre-Insulated Bonded
Pipes in District Heating, Ph.D. Thesis, Inha University

Graduate school.

. Lee, H.,, Kim, Y. H. (1999), “District Heating Networks Main-

tenance”, The Society of Air-Conditioning and Refrigerating
Engineers of Korea, Vol.1999, pp.59-77.

. Namkoong, C. K., Shin, B. K. (2003) “A Study on the Power

of Friction on the Underground Piping for the District
Heating”, Korean Society of Machine Tool Engineers, Vol.2003,
pp.68-72.

T 2422 HHSmol ofY S4of et #7 8t




<<
  /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


