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Abstract: The problem of work capacity increasing for asbestos-cement tubes and its 

forecasting is viewed on the basis of thermal-fluctural approach to the mechanism of rigid 
bodies destroying. The received experimental datum open a perspective of work capacity 
forecasting for asbestos-cement tubes under different loads in a vast temperature  interval 
and in a different operation period. 

 
 
 
Asbestos-cement tubes are widely used for sewage wastes and sewage diversion. 

Operating reliability and durability of tubes depends on asbestos-cement structure. The 
characteristic properties of asbestos-cement are connected with micro-dispersal 
reinforcement of cement stone by asbestos fibre; its unisotopism conditioned by asbestos 
fibre location, and its considerable porosity. In the operation process tubes are exposed to 
different power, temperature and chemical influences. Tubes destruction is caused either by 
erosive wear or by cracks formation in a tube’s wall. The operation time of  downpour and 
sewage tubes is in most cases considerably shorter than the standard. Therefore there is a 
necessity to analyse the regularity of asbestos-cement destruction under a continuous load 
with the given constant voltage and temperature and besides to analyse the influence of 
different factors on tube’s material wear-out. 

To determine asbestos cement durability the experimentally verified kinetic thermal-
fluctural mechanism of rigid body destroying was used [1]. The kinetic concept takes 
account of atomic thermal motion as a mechanical destruction process determinant besides 
the force exerted on a body. 

Consequently the destruction does not result from the accidental and the most proper 
conditions but results from the irreversible changes. These changes accumulate starting from 
the moment when any load is applied and they cause the body to fall into pieces.  

Durability tests  with lateral flexure were run on 120×10×5 mm specimen beams. 6-8 
specimen were tested with the fixed parameters (voltage and temperature).           
Dependence of time before the destruction on voltage is shown on Fig. 1. As it is shown here 
the dependencies are linear and form a family of directs converging at one point. To indicate 
the analytical dependence uniting the time before the destruction (durability), voltage and 
temperature the dependencies are changed into the         coordinates 3

lg 10 Tτ −  (Fig. 2). 
According to Fig. 2 the dependencies in these coordinates make a family of converging 

directs. 
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Fig. 1   The dependence of durability on voltage  

and temperature of asbestos-cement with the central lateral flexure 
 

 
 

Fig. 2   The influence of asbestos-cement temperature and voltage on durability (а)  
and on energy of destruction activation (b) with the central lateral flexure 

 
The following equation shows the connection of durability, voltage and temperature: 
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Two main operation parameters can be taken from this equation: 
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where τ – the time before the destruction; σ – voltage; T – temperature in K; τm, U0, γ, Тm – 
physical constants; τm – the constant, showing the fluctuation period of kinetic units; U0 – the 
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maximum energy of destruction activation; γ – the structure-mechanical constant; Тm – the 
limiting temperature of rigid body’s existence. 

Constant datum were determined by means of graphical analysis from the 3

lg 10 Tτ −  
dependence. Thus τm and Тm are pole coordinates (converging points) of the dependencies. 
According to directs slope tangent 3

lg 10 Tτ −  –from the formula 
 

( )3

lg

2,3

10

U R
T

Δ τ
=

Δ
,                                         (4) 

values of effective activation energies, U, were calculated with the explored voltages.  The 
linear dependence in U-σ coordinates was constructed (Fig. 2b). The maximum activation 
energy, U0 value was  defined with the extrapolation on σ = 0; the structure-mechanical 
factor, γ, was defined according to the direct slope tangent. The values of all the calculated 
constants are given in the Table 1. The constant values for a corrugated asbestos-cement 
sheet received earlier in [3] are also given here.  

 
Table  1 

Constant values of asbestos-cement with lateral flexure 
 

Product type τm, sec U0,   kDg/mol γ,                 kDg/mol×
МPa 

Тm, К 

Tube 10-3,5 780 21,9 432 

Corrugated sheet 100,2 323 11 400 

 
As it is shown on the Table 1 the datum of the constants considerably differ for the 

explored materials. The τm value lowers for the tube asbestos-cement, while U0, γ and Tm 
values raise. This is apparently connected with the size of asbestos-cement fibre and the 
character of asbestos fibre distribution. The multiplication effect [4] connected with the U0 
and γ dependence on fibre length occurs in the process asbestos-cement tubes destruction. 
Both the constants double. The temperature of material decay increases by more than 30° 
and the period of kinetic units’ fluctuation decreases more than thousand times. 

The following conclusions can be made according to the received values of constants: 
1) asbestos-cement work capacity is conditioned by the parameters of asbestos     fibre; 
2) material destruction is caused by the fluctuation of large kinetic units;  
3) the value of the limiting temperature of body’s existence shows the determining role 

of asbestos fibre in its heat-resistance;  
Knowing the values of the physical constants expressed by the formulas (1)-(3) there 

can be calculated durability and other parameters of work capacity with the given voltage, 
temperature and operation time. 

To learn the mechanism of asbestos-cement wear-out the attrition was conducted on 
MI-2 disc machine [3]. To create the process of attrition patterning the real operation 
conditions for a tube inner surface a metal screen was used as a controller. The weave points 
of the screen make blunt bulges trying to grab the material and detach it due to the power of 
friction.  

The samples were cut out of a tube’s wall length-wise and across asbestos fibre 
orientation as 10×10 mm cubes. A part of samples with orientation of fibre length-wise was 
soaked for different periods in water to learn the influence of liquids on the         intensity of 
asbestos-cement wear-out. The researches were conducted simultaneously  on two samples 
with different pressure of application and with room temperature      20±2 °С. Low speed 
(0,3 м/s) and low application pressure (not more than 2 kl/cm2) did not cause big surface 
warm-up [3].  
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Wear-out speed J is calculated according to the formula 
m

J
t
Δ

=                                                  (5) 

where Δm – the sample’s mass loss as result of attrition; t – the time of attrition.  
Experimental data are shown on Fig. 3, Fig. 4. As it is shown on Fig. 3 the orientation 

of asbestos fibre in a tube’s wall considerably influences the asbestos cement wear-out 
speed. The wear-out data length-wise the fibre is 4-6 times higher than that in a range of 
explored pressures.  

 

 
 

Fig. 3   The influence of pressure and asbestos fibre orientation upon  
the speed of asbestos-cement wear-out:  

1 – attrition length-wise the fibre; 2 – attrition across the fibre 
 

 
 

Fig. 4   The influence of soaking period upon the speed  
of asbestos-cement wear-out with different contact pressures 

ISSN 0136-5835.  Вестник ТГТУ.  2002.  Том 8. № 4.  Transactions TSTU. 

Т⋅24 h. 



 642

The dependencies of the wear-out speed on the sample’s soaking time with different 
contact pressures is shown on Fig. 4. According to Fig. 4 the wear-out value lowers after a 
soaking period of 3-5 days under high pressure (1,5 and 2 kg/cm2), whereas under low 
pressure (up to 1kg/cm2) the wear-out speed after the soaking remains practically constant 
and does not change further. Apparently water plays the role of lubricant. 

Thus, to increase the work capacity of asbestos-cement tubes asbestos fibre should be 
oriented in a radial way relatively to the cylinder axis; there should be no large abrasive 
particles in the solution coming through the tube; the tube surface should be covered with 
anti friction composition. 
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Аннотация: На основании термофлуктуационного подхода к механизму 

разрушения твердых тел рассматривается проблема прогнозирования и повышения 
работоспособности асбестоцементных труб. Полученные экспериментальные 
результаты открывают эту возможность при нагружении в широком  интервале 
температур и времени эксплуатации.  

 
 

Zur Frage über Langfristigkeit und Verschleißfestigkeit der Asbestzementröhre 
 
Zusammenfassung: Auf Grund der thermofluktuationen Einstellung zum 

Mechanismus des Zerfalls der Hartstoffe wird das Problem der Prognostizierung und der 
Erhöhung der Betriebsfähigkeit der Asbestzementröhre betrachtet. Die erhaltenen 
Experimentellergebnisse eröffnen diese Möglichkeit bei der Belastung im breiten 
Temperaturbereich und Benutzungsdauer. 
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Sur le problème de la durabilité et de la résistance à l’usure des tuyaux  
en amiante ciment 

 
Résumé: A la base de l’approche de thermo-fluctuations envers le mécanisme de la 

destruction des corps solides on examine le problème de la prévision et de l’élévation de la 
capacité de travail des tuyaux en amiante ciment. Les résultats expérimentaux reçus donnent 
cette possibilité avec la mise en charge dans un large intervalle de température et de temps 
d’exploitation. 
 

 



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


