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Abstract

Fracture Mechanics is currently an essential subject for understanding failure mechanisms of engineering
materials and components. Accurate and rapid evaluation of singular and non-singular terms of stress,
strain and displacement fields in the neighbouring of the tip of a fatigue crack is the foundation of multi-
parameter Fracture Mechanics [1]. These terms are normally described by means of the Stress Intensity
Factor (SIF) and the T stresses and are very useful to assess the level of safety [2] and the stability of cracks
and crack-like defects in mechanical components prone to linear elastic failure, both under constant [2-7]
and variable amplitude loading [8—11]. In general, evaluation of such terms cannot be performed only by
finite element method [12-14]. This is due to the difficulty in accurately accounting for load level and exact
geometry and orientation of defects [3,15]. Consequently, hybrid methods that incorporate experimental
information [16,17] into an analytical and/or a numerical approach tend to be more trustworthy. Among
these, full-field experimental techniques such as electronic speckle pattern interferometry [18-20], digital
image correlation [21-27], thermo-elastic stress analysis [28—-30], X-ray diffraction [31-33] and photo-
elasticity [34—38] are often preferred. Estimation of Fracture Mechanics parameters requires accurate
positioning of the crack tip. Moreover, local deformations as well as rigid body movements need to be taken
into consideration. This research will summarise a general methodology including the above-described

aspects for Fracture Mechanics analyses.

Keywords: Fracture Mechanics; Stress Intensity Factor; T-stress; full-field techniques; constraint factor;

Linear Elastic Fracture Mechanics; Elastic Plastic Fracture Mechanics;

References

[1] L.P. Pook, Linear Elastic Fracture Mechanics for Engineers Theory and Applications, WIT Press,
2000.

[2] Y.G. Matvienko, Analysis of permissible dimensions of crack-like defects based on a diagram of
crackgrowth resistance, Journal of Machinery Manufacture and Reliability. 36 (2007) 199-203.

[3] Y.G. Matvienko, Maximum average tangential stress criterion for prediction of the crack path,
International Journal of Fracture. 176 (2012) 113-118.

(4] Y.G. Matvienko, Two-parameter fracture mechanics in contemporary strength problems, Journal of



(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Machinery Manufacture and Reliability. 42 (2013) 374-381.

A.S. Cruces, P. Lopez-Crespo, B. Moreno, F. V Antunes, Multiaxial fatigue life prediction on S355
structural and offshore steel using the SKS critical plane model, Metals. 8 (2018) 1060.

A.S. Cruces, P. Lopez-Crespo, S. Bressan, T. Itoh, B. Moreno, On the Behaviour of 316 and 304
Stainless Steel under Multiaxial Fatigue Loading: Application of the Critical Plane Approach, Metals.
9 (2019) 978.

F.V. Antunes, R. Branco, P.A. Prates, L. Borrego, Fatigue crack growth modelling based on CTOD for
the 7050-T6 alloy, Fatigue & Fracture of Engineering Materials & Structures. 40 (2017) 1309-1320.
J.A. Bannantine, J.J. Corner, J.L. Handrock, Fundamentals of metal fatigue analysis, Prentice Hall,
1990.

B. Moreno, J. Zapatero, J. Dominguez, An experimental analysis of fatigue crack growth under
random loading, International Journal of Fatigue. 25 (2003) 597-608.

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.

B. Moreno, P. Lopez-Crespo, A.S. Cruces, J. Dominguez, Estimation of the opening load under
variable amplitude loading, Fatigue and Fracture of Engineering Materials and Structures. 42
(2019) 2195-2204.

S.-J. Parks, Y.-Y. Earmme, J.-H. Song, Determination of the most appropriate mesh size for a 2-D
finite element analysis of fatigue crack closure behaviour, Fatigue and Fracture of Engineering
Materials and Structures. 20 (1997) 533-545.

S. Simandjuntak, H. Alizadeh, D.J. Smith, M.J. Pavier, Three dimensional finite element prediction
of crack closure and fatigue crack growth rate for a corner crack, Fatigue and Fracture of
Engineering Materials and Structures. 25 (2006) 335—-345.

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.

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 and Fracture of Engineering Materials
and Structures. 42 (2019). doi:https://doi.org/10.1111/ffe.12991.

E.A. Patterson, E.J. Olden, Optical analysis of crack tip stress fields: a comparative study, Fatigue
and Fracture of Engineering Materials and Structures. 27 (2004) 623—635.

P. Lopez-Crespo, A. Garcia-Gonzalez, B. Moreno, A. Lopez-Moreno, J. Zapatero, Some observations
on short fatigue cracks under biaxial fatigue, Theoretical and Applied Fracture Mechanics. 80
(2015) 96-103.

V.S. Pisarev, Y.G. Matvienko, S.I. Eleonsky, I.N. Odintsev, Combining the crack compliance method

and speckle interferometry data for determination of stress intensity factors and T-stresses,



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

Engineering Fracture Mechanics. 179 (2017) 348-374.

A.J. Moore, J.R. Tyrer, Phase-stepped ESPI and moiré interferometry for measuring stress-intensity
factor and J integral, Experimental Mechanics. 35 (1995) 306—-314.

J.M. Vasco-Olmo, F.A. Diaz, 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.
S.R. McNeill, W.H. Peters, M.A. Sutton, Estimation of stress intensity factor by digital image
correlation, Engineering Fracture Mechanics. 28 (1987) 101-112.

M.A. Sutton, S.R. McNeill, J.D. Helm, Y.J. Chao, Advances in two-dimensional and three-
dimensional computer vision, in: P.K. Rastogi (Ed.), Photomechanics, Topics in Applied Physics,
2000: pp. 323-372.

M.A. Sutton, J.J. Orteu, H. Schreier, Image Correlation for Shape, Motion and Deformation
Measurments, 2009. doi:10.1007/978-0-387-78747-3.

A.S. Chernyatin, Y.G. Matvienko, P. Lopez-Crespo, Determination of the Parameters of the Two-
Parametric Fracture Mechanics along the Crack Front Based on the Digital Image Correlation Data,
Inorganic Materials. 53 (2017) 1562—1569.

M. Mokhtarishirazabad, P. Lopez-Crespo, M. Zanganeh, Stress intensity factor monitoring under
cyclic loading by digital image correlation, Fatigue and Fracture of Engineering Materials and
Structures. 41 (2018) 2162-2171.

S. Seitl, L. Malikova, R. Razicka, B. Moreno, P. Lopez-Crespo, Williams’ expansion based
approximation of the displacement field in an Al 2024 compact tension specimen reconstructed
from optical measurements, Fatigue and Fracture of Engineering Materials and Structures
Structures. 41 (2018) 2187-2196.

A.S. Chernyatin, P. Lopez-Crespo, B. Moreno, Y.G. Matvienko, Multi-approach study of crack-tip
mechanics on aluminium 2024 alloy, Theoretical and Applied Fracture Mechanics. 98 (2018) 38—47.
F.A. Diaz, J.R. Yates, E.A. Patterson, Some improvements in the analysis of fatigue cracks using
thermoelasticity, International Journal of Fatigue. 26 (2004) 365-376.

A.S. Patki, E.A. Patterson, Thermoelastic stress analysis of fatigue cracks subject to overloads,
Fatigue & Fracture of Engineering Materials & Structures. 33 (2010) 809—-821.

R.A. Tomlinson, E.A. Patterson, Examination of Crack Tip Plasticity Using Thermoelastic Stress
Analysis, in: Thermomechanics and Infra-Red Imaging, Volume 7. Conference Proceedings of the
Society for Experimental Mechanics Series, Springer, NY, 2011.

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.

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



[33]

[34]

[35]

(36]

(37]

[38]

Mechanics and Physics of Solids. 124 (2019) 392-410.

P. Lopez-Crespo, J. V Peralta, J.F. Kelleher, P.J. Withers, In situ through-thickness analysis of crack
tip fields with synchrotron X-ray diffraction, International Journal of Fatigue. 127 (2019) 500-508.
A.D. Nurse, E.A. Patterson, Determination of predominantly mode Il stress intensity factors from
isochromatic data, Fatigue and Fracture of Engineering Materials and Structures. 16 (1993) 1339—-
1354.

M.N. Pacey, M.N. James, E.A. Patterson, A new photoelastic model for studying fatigue crack
closure, Experimental Mechanics. 45 (2005) 42-52.

K. Ramesh, S. Gupta, A.A. Kelkar, Evaluation of stress field parameters in fracture mechanics by
photoelasticity—Revisited, Engineering Fracture Mechanics. 56 (1997) 25-45. doi:10.1016/50013-
7944(96)00098-7.

P. Patil, C.P. Vyasarayani, M. Ramiji, Linear least squares approach for evaluating crack tip fracture
parameters using isochromatic and isoclinic data from digital photoelasticity, Optics and Lasers in
Engineering. 93 (2017) 182-194.

J.M. Vasco-Olmo, F.A. Diaz, Experimental evaluation of plasticity-induced crack shielding from

isochromatic data, Optical Engineering. 54 (2015) 81203.




<<
  /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


