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The fatigue behaviour of polycrystalline metals is often studied through crack propagation analysis 

[1,2]. Nevertheless, understanding the mechanical processes that take place right at the crack tip [3,4] 

would also involve considering the deformation developing at the plastic zone and the contact 

between the crack faces over a portion of the loading cycle [5–7]. Paris law or newer models such as 

Forman equation are commonly used to interpret growth data [8], but cannot be used to generalise 

for complex loading scenarios, such as multiaxial loads [9–11] or variable amplitude loads [2]. 

Diffraction methods are a powerful tool to characterise crack tip strains and stresses [12]. The basics 

principles of neutron and synchrotron diffraction for measuring bulk properties are discussed [13,14], 

with special emphasis on grain size effects [15,16], transition between plane stress and plain strain 

conditions [17], measurement of the plastic zone and development of shielding effects at the crack 

tip [18].  

 

REFERENCES 

[1] P. Lopez-Crespo, P.J. Withers, F. Yusof, H. Dai, A. Steuwer, J.F. Kelleher, T. Buslaps, 

Overload effects on fatigue crack-tip fields under plane stress conditions: surface and bulk 

analysis, Fatigue and Fracture of Engineering Materials and Structures. 36 (2013) 75–84. 

[2] B. Moreno, A. Martin, P. Lopez-Crespo, J. Zapatero, J. Dominguez, Estimations of fatigue 

life and variability under random loading in aluminum Al-2024T351 using strip yield models 

from NASGRO, International Journal of Fatigue. 91 (2016) 414–422. 

[3] C. Bathias, Retrospective view on the role of the plastic zone at a fatigue crack tip, Fatigue 

and Fracture of Engineering Materials and Structures. 19 (1996) 1301–1306. 

[4] P. Lopez-Crespo, D. Camas, F. V Antunes, J.R. Yates, A study of the evolution of crack tip 

plasticity along a crack front, Theoretical and Applied Fracture Mechanics. 98 (2018) 59–66. 

[5] P. Lopez-Crespo, A. Shterenlikht, J.R. Yates, E.A. Patterson, P.J. Withers, Some 

experimental observations on crack closure and crack-tip plasticity, Fatigue and Fracture of 

Engineering Materials and Structures. 32 (2009) 418–429. 

[6] J.F. Kelleher, P. Lopez-Crespo, F. Yusof, P.J. Withers, The use of diffraction to study fatigue 

crack tip mechanics, Materials Science Forum. 652 (2010) 216–221. 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Repositorio Institucional Universidad de Málaga

https://core.ac.uk/display/214838127?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


[7] C.A. Simpson, S. Kozuki, P. Lopez-Crespo, M. Mostafavi, T. Connolley, P.J. Withers, 

Quantifying fatigue overload retardation mechanisms by energy dispersive X-ray diffraction, 

Journal of the Mechanics and Physics of Solids. 124 (2019) 392–410. 

[8] T.L. Anderson, Fracture mechanics: fundamentals and applications, 2nd ed, Boca Raton: 

CRC Press, 1994. 

[9] K. Tanaka, H. Takahash, Y. Akiniwa, Fatigue crack propagation from a hole in tubular 

specimens under axial and torsional loading, International Journal of Fatigue. 28 (2006) 324–

334. 

[10] M. Mokhtarishirazabad, P. Lopez-Crespo, B. Moreno, A. Lopez-Moreno, M. Zanganeh, 

Optical and analytical investigation of overloads in biaxial fatigue cracks, International 

Journal of Fatigue. 100 part 2 (2017) 583–590. 

[11] A.S. Cruces, P. Lopez-Crespo, S. Bressan, T. Itoh, Investigation of the multiaxial fatigue 

behaviour of 316 stainless steel based on critical plane method, Fatigue & Fracture of 

Engineering Materials & Structures. (2019). doi:https://doi.org/10.1111/ffe.12991. 

[12] P. Lopez-Crespo, M. Mostafavi, A. Steuwer, J.F. Kelleher, T. Buslaps, P.J. Withers, 

Characterisation of overloads in fatigue by 2D strain mapping at the surface and in the bulk, 

Fatigue & Fracture of Engineering Materials & Structures. 39 (2016) 1040–1048. 

[13] P.J. Withers, M.R. Daymond, M.W. Johnson, The precision of diffraction peak location, 

Journal of Applied Crystallography. 34 (2001) 737–743. 

[14] P. Lopez-Crespo, J. V Peralta, P.J. Withers, Synchrotron X-ray diffraction based method for 

stress intensity factor evaluation in the bulk of materials, Theoretical and Applied Fracture 

Mechanics. 98 (2018) 72–77. 

[15] Y. Akiniwa, K. Tanaka, H. Kimura, Measurement of stress distribution near fatigue crack in 

ultra-fine grained steel by synchrotron radiation, Materials Science Forum. 490-491 (2005) 

118–123. 

[16] P. Lopez-Crespo, A. Steuwer, T. Buslaps, Y.H. Tai, A. Lopez-Moreno, J.R. Yates, P.J. 

Withers, Measuring overload effects during fatigue crack growth in bainitic steel by 

synchrotron X-ray diffraction, International Journal of Fatigue. 71 (2015) 11–16. 

[17] D. Camas, P. Lopez-Crespo, A. Gonzalez-Herrera, B. Moreno, Numerical and experimental 

study of the plastic zone in cracked specimens, Engineering Fracture Mechanics. 185 (2017) 

20–32. 

[18] J.M. Vasco-Olmo, F.A. Díaz, E.A. Patterson, Experimental evaluation of shielding effect on 

growing fatigue cracks under overloads using ESPI, International Journal of Fatigue. 83(2) 

(2016) 117–126. 

 



<<
  /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


