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Abstract

In the paper the mathematical model has been proposed according of which the rock is
considered as an orthotropic half-plane. On the boundary of this half-plane the loads, moving at a
constant velocity, exert a pressure. The problem was solved by means of the theory of analytical
functions.
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1 INTRODUCTION

The rock failure is a highly complex problem, accompanied by its sides, which among the
mechanical destruction is one of the most important problem. Solution of fracture mechanics
problems often enables to explain many phenomena and predict failure of bodies of various shapes.

2 THE MAIN PART

The type of distribution of the load, acting on the surface, is of great importance in the course
of the research of the processes of mechanical failure of the rocks. We will study the elastic-stressed
state of petrean rocks whereas the load, moving by constant velocity C and disturbed by definite

regularity g,(x),(i =1,2...,n) , acts on the boundary.

Taking into the consideration the fact that the failure of petrean rock proceeds at relatively
small deformations, then we can use the methods of classical theory of elasticity. Also the fact should
be taken into account that the effect of acting load on the rock surface is gradually reduced with
increase of the rock thickness (z) and in the long run completely disappears. For reasonably large z
the weight of upper layers of the rock effects on the stress field. So that the attack of the load, acting
on the rock surface, is considerable for the layer of small thickness (in comparison with other
dimensions). Hence it may be thought to a definite approximation that the rock presents the
orthotropic half-plane. The directions of its principal axes are coincident with the directions of the
coordinate axes. From all above-mentioned the given problem may be formulated in the following

manner: the orthotropic half-plane is given (i = 0) in the segment (a,,b,); on its boundary OX

the loads, disturbed by regularity g;(x) (i =1,2.....n), move by constant velocity C is on Fig. 1.
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Fig.1. The loads moving by constant velocity C on the segment (&, ,b,) of the boundary OX of

orthotropic half-plane
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As well as zero initial conditions and the following boundary ones:
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(O'y)y:() =q,(x), xe(a;b).,i=12,.,n.

where:
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U and V

are Young’s modulus in principal directions,

Poisson’s ratios,

shear modulus,

the components of displacement vector which are connected which the complement

of the stress tensors by the following relationship:
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As it well-known there are the following concepts for the components of the stress tensor:

o, ==2mRe[(B, +m)F,(z,) + (B, + m)F,(z,)],
o, = 2n RC[E (z)+F,(z, )]>

7, :Jm[aFl(Zl)"'bFz(Zz)]a

)
where:
F(z,) and F,(z,) - are the analytic functions in lower half-plane,
(v <0), moreoverz, =& +iffn, z, =E+ifn
1 1
2\2 2\2
C C
fZX—Ct,?]Iy,ﬂl = 1__2 ,ﬂzz 1——2
G )
¢, and ¢, - are the velocities of the propagation of longitudinal and cross transverse waves;

m,n,a,b - are the constants characterizing an orthotropy.

Considering the relationship (3) in (5) one can obtain:

I [aF1E) +DF)(E)]=0, 0 < &< o0 (©)

(6) will be satisfied if we can consider that

Fl(z) = —%FK(z)

(7)
This latter allows to express the stress components by means of one analytic function. Moreover
b
ReF(£)=0 and ReF(&) = > (b ql(f) Eelab], i=12,A ,n atthe free segment

of the boundary.

From the last expression it is evident that the set problem is the Dirichlet’s one. It may be solved by
means of Schwartz’s integral

1( z)=

1 ©de an (©)d¢ ©
a, g

2n(b a) 7 n 2T &

From the type of the loads ¢,(x), x =1,..,n we can establish the law of stress distribution in the

body by formulae (5 — 8). In Fig.2 the graphs of normal and tangent stresses are presented in the case
of the various loads.
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Fig.2. Dependence normal and tangent stresses on the various loads

3 CONCLUSIONS
On the basis of analysis of obtained results we may drawn the following conclusions:

e Boundary problem for the orthotropic body as well as for isotropic one is reduced to the
search of two analytic functions with the boundary conditions of mixed type. The
difference lies in the characteristic coefficients of anisotropy.

e Derived formulae allow to determine those sectors were the stresses attain the maximum
values. Exactly these sectors are the weakest places from the viewpoint of the strength.

¢ Individually and in combination, normal stresses attenuate the separate sectors of the rock
and in the long run together with the tangent stresses create the beneficial conditions for
failure. In the course of this process the tangent stresses play a crucial role since the cracks
appear at the maximum points of the tangent stresses.

LITERATURE

[1]  SNEDDON, I., N., BERRY, D., S.. Elasticity and Plasticity. Vol. 3/6. Berlin : Springer Berlin
Heidelberg, 1958, pp. 1-126. ISBN 978-3-642-45889-7.

[2] MUSKHELISVILI, N., I.. Some basic problems of mathematical theory of elasticity. Springer
Netherlands, 1977, 681 pp. ISBN 978-94-017-3034-1.

[31 SAVIN, G.. Mechanics of deformable bodies. “Naukova Dumka”, Kiev, 1979.

[4] SEIMOV, B.. Dynamic contact problems. “Naukova Dumka”, Kiev, 1976.

[S] TAMANIDZE, T., LOSABERIDZE, M.. Impact of Two Moving Stamps on the Stressed State

of an Elastic Half-Plane. Bulletin of the Georgian National Academy of Sciences", 2007 vol.
175, Nr. 4,. pp: 55-57.

[6] TAMANIDZE, T., LOSABERIDZE, M.. On dynamic effect caused by moving punches on
elastic half-plane with the account of friction force. Bulletin of Georgian National Academy
of Sciences, 2010, pp. 39-43, vol. 4, no. 3.

32




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /CZE ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


