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Abstract 
 
The paper presents the propagation rate of the crack according to the Paris formula from a new point of 
view by taking into account the temperature T variation and the asymmetry coefficient R. The fatigue 
loadings by axial-eccentric tensile test were made of CT specimens made by stainless steel V2A class, 
10TiNiCr175 mark. The loading temperatures were: 213K, 253K and 273K, and the asymmetry factors 
were: R=0.1, R=0.3 and R=0.5. By using the Paris′ formula, da/dN= C·(ΔK)m with adequate 
mathematical programs, C(R,T) and m(R,T) parameters were determined as compound functions, using 
approximations by second degree parabolas. By simultaneously varying the loading temperature T and 
asymmetry factor R, there were drawn the variation surfaces, into a three orthogonal axes system, for the 
C and m parameters. Finally, with the C and m expressions, as functions of two variables (R and T), 
there was made a complex study for the propagation of the cracking speed da/dN, expressed by various 
drawn graphics. 
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Introduction 
 
Inside certain products, there are defects due to products elaboration or their primal 
manufacturing. Sometimes, these can result through the respective elements long-term activity. 
The defects become micro-cracks primers that develop into the product, becoming cracks, with 
a particular propagation behavior. It is highlighted the notion of crack growth rate marked 
with da/dN (or, sometimes, da/dt), that represents a crack length increase during a loading cycle. 
 

Regarding the study concepts from Fracture Mechanics, the existent stress state at a crack peak 
can be controlled by a complex quantity, that includes both the loading stress σ, and the defect 
length variation Δa, and also the product shape or the loading type, and it is named stress 
intensity factor marked with K. 
 

For a variable loading (at fatigue), it is marked with: ΔK = Kmax – Kmin. Based on experimental 
testings and results methodical study, there have been set special analytics between the factor K 
and the cracking speed da/dN, as: da/dN = f(ΔK). One of the most used algebraic expressions is 
Paris formula, relation (1), where the coefficient C and the exponent m are material constants: 
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( )mda C K
dN

= ⋅ Δ  .     (1) 

The graphics, that show the da/dN cracking speed variation mode in relation to stress intensity 
factor (SIF) ΔK, are named sigmoids, drawn at bilogarithmically scale, [2]/p.222, [4]/p.205, 
[6]/p.37, [7]/p.42. 

Paris formula best proves the second domain, that of defect stable propagation. 

 
The Test 
 
In order to achieve the suggested target, experimental tests have been made, applying on 
specimens a fatigue loading by oscillating tension [5, p.116]. The specimen type was CT model, 
with lateral slitting, [5, p.86], in Figure 1, manufactured with 10TiNiCr175 type stainless steel. 

 

 
Fig. 1. CT specimen 

 
The testing equipment consisted of SCHENK type plant, with hydro drive, in Figure 2, [5]/p.92, 
effectuating axial-eccentrical loading oscillatory positive cycles. 
 

The loading factor was highlighted by three asymmetry factors: R=0.1, R=0.3 and R=0.5. The 
tests were made at room temperature (+20°C), and at low temperatures (-20°C and -60°C), 
namely: 293K, 253K and 213K. For negative temperatures, the machine was equipped with a 
refrigerating plant, Figure 2, using as cooling medium the liquid nitrogen (N2L). 
 

During testing, the ai crack length variation was read at distances of 0.25 mm with an optical 
microscope, and also there was read the corresponding loading cycles number, Ni. 
 

At low temperatures, for retaining the data, there was used the elastic compliance, [3], [5]/p.96, 
with the usage of lamella extensometer, Figure 3, [5]/p.97. The extensometer effectuates a 
mechanical quantities conversion in electrical parameters. 
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Fig. 2. Mechanical loadings equipment 

 
The Study Methodology 
 
From the experimental stage, for each loaded specimen, the primary data pairs (Ni, ai) were 
retained. With these, a crack length approximation function was realized, in relation with the 
loading cycles number a = a(N). By a statistical study, it was obtained the conclusion that the 
optimal approximation is given by a second degree function: 

( ) 2
2 1 0· ·a N a a N a N= + + ,      (2), 

where the coefficients: a0, a1 and a2 were determined from the approximation conditions. With 
the obtained relation, from a mathematical perspective, the crack propagation rate, da/dN, was 
computed: 
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1 02da a a N
dN

= + ⋅ .    (3) 
 

 
 

Fig. 3. Elastic lamella extensometer 
 
Given the fact that the loaded specimens were CT model, and the loading was of eccentrical 
tensile type, with the experimental and computed data there were determined the tensile 
intensity factor variation ΔK, with the expression (4), [4]/p.66, [5]/p.83, [6]/p.36, [7]/p.146. 
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where: ΔF=Fmax – Fmin is the loading forces variation, in N; 
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B – the specimen thickness, Figure 1, in mm;  
W – the specimen active width, Figure 1, in mm;  
T = a/W is the crack length relative variation. 

 

After these calculi, another processed data category was obtained, highlighting the pairs 
(ΔK,da/dN), calculated with relation (4), respectively the relation (3). 

 
Numerical Processing 
 
Using bilogarithmical scale, log(ΔK) and log(da/dN), the curves da/dN = f(ΔK) named sigmoids 
were drawn for all tested specimens, with asymmetry factors R=0.1, R=0.3 and R=0.5, at the 
temperatures T=213K, T=253K and T=293K. 
 

C and m parameters determination is made through simple mathematical calculi, on the equality 
condition between relation (1) and relation (3): 

( ) 1 0· 2 ·mC K a a NΔ = +  .     (5) 

This equality is looked up the logarithm and it is obtained: 

( ) ( )1 0· log 2 ·m log K logC a a NΔ + = + .     (6) 
 

For each two points from the left member straight line, the system is solved and the m and C 
values are obtained. These are influenced both of the asymmetry factor R, and the testing 
temperature T, namely they are functions, as: m(R,T) and C(R,T). By a statistic calculus for the 
determined values, we have obtained that the optimal approximation for R and T variables is 
also a second degree parabola shape with variable coefficients, [5]/p.132, p.133.  
 

For the 10TiNiCr175 steel tested material, m(R,T) and C(R,T) expressions are: 

( ) ( ) ( )
( )

2 4 2 2

2

, 68.61· 37.087· 3.0813 ·10 · 3.384· 1.807· 0.152 ·

397· 208.6· 14.75

m R T R R T R R T

R R

−= − + − + − + +

− + −+
 ,(7) 

( ) ( ) ( )
( )

2 19 2 2 16

2 14

, 19.35· 17.98· 1.4825 ·10 · 28.499· 20.549· 1.69 ·10 ·  

               66.8· 44.69· 3.665 ·10  

C R T R R T R R T

R R

− −

−

= − + − + − + +

+ − + −
 . (8) 

 

Using a Matlab program, it was established a variation domain for the coefficient R within the 
limits (0,0.6), respectively for the temperature T within the limits of 200K and 300K. 
 

The m and C values were calculated, then there were drawn the surfaces for the exponent m and 
coefficient C in a (R, T, m) and (R, T, C) tri-rectangular system. The resulted graphics are 
presented in Figure 4 and Figure 5. 

 
Conclusions 
 
From the m(R,T) and C(R,T) surface plotting graphics analysis, Figure 4 and 5, some 
conclusions can be extracted: 

• The m index varies between 2.32 and 3.92. The minimum values are recorded around the 
0.3 value for the R asymmetry factor, respectively around the T = 230K temperature, Figure 
4. Maximum values are highlighted by R = 0.1 and R = 0.7 asymmetry factors, having an 
increase tendency for the 200K minimum temperature and also for the T ≈ 300K ambient 
temperature, Figure 4. In the general relation some customizations were made, obtaining the 
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Fig. 4. The m(R,T) surface 

 

 
 

Fig. 5. The C(R,T) surface 
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values  m(0.3, 253) = 2.43,  m(0.1, 293) = 3.14,  respectively  m(0.5, 213) = 2.76. 
These are close to the ones obtained with Paris formula. 

• Referring to the material factor C, the variation limits are obtained by the domain 
extrapolation between -3.3592⋅10-15 and 7.74⋅10-15. C(R,T) surface has a maximum for 
R=0.3 and T ≈ 210K, Figure 5. For R tending to 0.1, respectively to 0.6, the C factor 
decreases, but the T temperature increase to the ambient one leads to a decrease of C values. 
By customization, in this case we also obtain the next values:  C(0.3, 213) = 6.4665⋅10-15, 
C(0.1, 293) = 0.66⋅10-15  and  C(0.5, 253) = 2.114⋅10-15. 
These values are also comparable to the ones obtained with Paris formula. 
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Formula lui Paris pentru viteza de propagare a fisurii, 

abordare ca o funcţie complexă de temperatură 
şi coeficient de asimetrie 

 
Rezumat 
 
Lucrarea îşi propune studiul vitezei de propagare a fisurii conform relaţiei lui Paris printr-o abordare 
nouă a analizei ţinând seama simultan de variaţia temperaturii T şi a coeficientului de asimetrie R. 
Încercările de oboseală prin întindere axial- excentrică au fost efectuate pe epruvete tip CT executate din 
oţel inoxidabil clasa V2A, marca 10TiNiCr175. Temperaturile de încercare au fost 213K, 253K şi 293K, 
iar coeficienţii de asimetrie ai solicitării: R=0.1, R=0.3 şi R=0.5. Folosind formula lui Paris, 
da/dN=C⋅(ΔK)m, cu programe matematice adecvate, s-au determinat parametrii C(R,T) şi m(R,T), ca 
funcţii compuse, utilizând aproximarea prin parabole de gradul al doilea. Variind simultan temperatura 
de încercare T şi coeficientul de asimetrie R, au fost trasate suprafeţele de variaţie, într-un sistem de axe 
triortogonale, pentru parametrii C şi m. În final, cu expresiile pentru C şi m, ca funcţii de două variabile, 
(R şi T), s-a făcut un studiu amplu pentru viteza de propagare a fisurii da/dN, materializat prin diverse 
grafice trasate. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


