Chapter 4
Response of Materials to
Surface Traction



Response of Materials

1. Deformation of the surface and
subsurface

2. Fracture of Solids



Point Force Applied to a Semi-Infinite
Elastic Solid
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Point force P 1s applied at the origin of the
cylindrical coordinate system(r, 0, z).
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Point Force Applied to a Semi-Infinite
Elastic Solid (Boussinesq solution)
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Point Force Applied to a Semi-Infinite
Elastic Solid -- Resultant stress on face m
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where

D 1s the diameter of the sphere passing thron
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Point Force Applied to a Semi-Infinite
Elastic Solid
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At z = 0, the radial and the vertical components of displacement become
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According to Eq. (4.4), the radial and vertical displacements at the surface
decrease inversely with distance from the origin.
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Trajectory of Principal stresses due to a Point
Force

Diagram removed for copyright reasons.
See Figure 4.2 in [Suh 1986]: Suh, N. P. Tribophysics. Englewood Cliffs NJ:
Prentice-Hall, 1986. ISBN: 0139309837.



Contour of Principal Normal Stresses
(v=0.25)

Diagram removed for copyright reasons.
See Figure 4.3 in [Suh 1986]: Suh, N. P. Tribophysics. Englewood Cliffs NJ:
Prentice-Hall, 1986. ISBN: 0139309837.



Angular Variation of Principal Stress
Components in Boussinesq Field (v=0.25)

Diagram removed for copyright reasons.
See Figure 4.4 in [Suh 1986]: Suh, N. P. Tribophysics. Englewood Cliffs NJ:
Prentice-Hall, 1986. ISBN: 0139309837.



Hertzian Contact
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Figure 4.5 Two spherical bodies in contact.

At zero load the contact occurs at a point x =y =z, =2z,=0. "



Hertzian Stress due to Spherical Indenters
(Normal Stress Distribution)
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Hertzian Stress due to Spherical Indenters
(Normal Stress Distribution)

. = 3P k,
16 p,

P

o = 2ma’

vhere

1 -
K = '

! El-

1
Pi R;’

+ k|7 [3P (ki + k) RiR, |3
+ P2 4 Rl + R2

i=1lor2

= curvature of the sphere {

12



Location of the Max. Radial Stress
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Figure 4.6 Position of the maximum radial tensile stress



Stress Field due to Line Load

Figure 4.7 Semi-infinite elastic solid loaded by a concentrated
load
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Stress Field due to Line Load
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where the angle 8 and the function A are given by
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Semi-infinite elastic solid loaded by a
elliptical distributed load
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Figure 4.8 Semi-infinite elastic solid loaded by a elliptical
distributed load. The maximum normal and tangential stresses

are p, and q,, respectively. y



Semi-infinite elastic solid loaded by a
elliptical distributed load
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The maximum normal and tangential stresses are p, and q,, respectively.



Semi-infinite elastic solid loaded by a
elliptical distributed load
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The maximum normal and tangential stresses are p, and q,, respectively.



Semi-infinite elastic solid loaded by a
elliptical distributed load
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The maximum normal and tangential stresses are p, and q,, respectively.



Semi-infinite elastic solid loaded by a
elliptical distributed load
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The maximum normal and tangential stresses are p, and q,, respectively.



Semi-infinite elastic solid loaded by a
elliptical distributed load
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The maximum normal and tangential stresses are p, and q,, respectively.



Contour and Variation of Stress

Graphs removed for copyright reasons.
See Figures 4.9 through 4.15 in [Suh 1986].
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Crack Growth of Hertzian Crack

(soda-lime glass in air)
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Figure 4.16
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Surface Traces of Hertzian Cracks on
Surface of Silicon

Photos removed for copyright reasons.
See Figure 4.18 in [Suh 1986].
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Crack Patterns on Sod-lime Glass Produced by
Sliding Tungsten Carbide Sphere

Photos removed for copyright reasons.
See Figure 4.17 in [Suh 1986].
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“Star” Crack in Soda-Lime Glass produced
by Conical Indenter

Photos removed for copyright reasons.
See Figure 4.19 in [Suh 1986].
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Sequence of Crack Formation and Growth
Events during Loading and Unloading

Photos removed for copyright reasons.
See Figure 4.20 in [Suh 1986].

27




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


