On the Modeling of Fatigue Damage Ahead of the Crack Tip
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ABSTRACT: Elber’s assumption that AK,is the actual driving force for fatigue crack growth (FCG)
is used by strip-yield models to quantify damage in cracked components, although it cannot explain
many FCG characteristics observed in practice. To check if FCG models based on this hypothesis
are indeed intrinsically better than concurrent models based on other principles, FCG rates are
modeled in two ways. First using Elber's ideas, and then using the alternative view that FCG is
instead due to damage accumulation ahead of the crack tip caused by the cyclic strain history that
acts there. This alternative idea does not need or use the AK; hypothesis. To be fair, the second
approach estimates FCG rates using cyclic strain ranges induced by plastic displacements calculated
by the very same procedures used by strip-yield models. Moreover, to avoid the need for FCG
threshold and toughness properties, both are associated with suitable strain limits. Despite based
on apparently conflicting principles, both models can predict quite well FCG curves, an unexpected
result. Besides confirming that data fitting cannot prove any model superiority, this result confirms
that the AK,; hypothesis is not a necessary requirement to explain the FCG behavior.

KEYWORDS: Fatigue crack growth models; strip-yield mechanics; fatigue crack closure; effective
stress intensity range; damage accumulation ahead of the crack tip.

INTRODUCTION

Since Paris and Erdogan cleatly demonstrated that fatigue crack growth (FCG) rates da/dN cotrelate well with
stress intensity factor (SIF) ranges AK [1], residual life predictions became indispensable in structural analyses
of cracked structural components. Many similar rules have been proposed since then to consider other effects
that can affect FCG rates as well, such as the peak load K. (or the equivalent load ratio R = K/ Ky, and
material limits like FCG thresholds 4Ky (R) and the critical SIF Kjc or Kc[2]. After Elber experimentally found
the crack closure phenomenon, it become an important issue for FCG modeling too [3]. Elber observed that
fatigue cracks can remain partially closed along the lower portion of their load cycles even under R > 0, and
completely open only after the applied SIF reaches the so-called crack opening load K. From this observation,
he then assumed that FCG can only occur only after the crack tip is fully open under loads greater than K,
(supposing that only then they would be able to expose their tips to additional fatigue damage) [4]. Consequently,
he postulated that AK,y (AKyy = Kyax — Kop if Kpp > Kiyin, ot AKyp = AK otherwise) would be the actual FCG driving
force (instead of SIF ranges AK or SIF combinations like {4K, K.} or {4K, R}).

Since the AK,y hypothesis can reasonably explain many (but certainly not all) sequence effects in FCG, like crack
growth delays or arrests after overloads (OL), as well as other phenomena like the R-sensitivity of FCG
thresholds on non-inert environments, it has been popular among fatigue experts ever since its proposal. It has
been used as the basis for many semi-empirical FCG models, in particular the so-called strip-yield models
(SYM) that numerically estimate K, and 4Ky and from them FCG lives using a suitable da/dN = f{AK;)
equation properly fitted to experimental data. However, although the fatigue crack closure phenomenon is well
documented and proven, its real significance for FCG is still controversial, to say the least. Indeed, the AK,
hypothesis cannot explain many FCG peculiarities, see for instance [5] for a recent review of these topics.
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Moreovert, since fatigue damage is caused by cyclic elastoplastic (EP) stress/strain histories, an alternative and
probably more intuitive way to model FCG is to assume fatigue cracks grow by sequentially breaking small
volume elements ahead of the crack tip, after reaching all the damage they can sustain. Hence, the basic idea
behind these critical damage models (CDM) is that fatigue damage is caused by the cyclic EP stress/strain fields
that always accompany the crack tips, not by AKy: A comparative analysis between a simple CDM proposed in
[6] and a classic SYM based on Newman’s original formulation [7] presented in [8] needs to use a McEvily-like
FCG rule to model phase I and III behaviors of typical da/dNxAK cutves, using FCG thresholds AKy(R) and
toughness Kc properties to limit the estimated FCG curves. This work improves that model eliminating the
need for using such a reasonable albeit somehow arbitrary FCG rule. The new CDM proposed here directly
estimates the entire da/dNXAK behavior from simple and clear mechanical principles using only well-defined
&N properties, without the need for any additional data-fitting parameter.

DAMAGE ACCUMULATION AHEAD OF THE CRACK TIP BASED ON STRIP-YIELD MECHANICS

SYMs are based on Dugdale-Barenblatt's idea [2], modified to leave plastically deformed material around the
faces of the advancing fatigue crack [7, 9]. Plastic zones pg and surface displacements are estimated by the
superposition of two linear elastic solutions: a cracked plate loaded by a remote uniform nominal tensile stress
0., and by a uniform distributed stress s applied over crack surface segments. The numerical model developed
by Newman for a M(T) specimen uses rigid-perfectly bar elements whose displacements are described by

Vi = 0, flx) —Xiy 0 -9 (xex;) %

The influence functions f{x;) and g(x; ;) used in Eq. (1) are related to the plate geometry and to its width
correction, and then used to calculate the bar element plastic deformation and also the contact stress required
to estimate the crack opening stress. The original SYM also uses a Forman-Newman FCG rule based on the
AK shypothesis, which has four data-fitting parameters [9]. A home-grown SYM algorithm was developed and
verified (using predictions from the literature) following these ideas, as described in [5, 8].

On the other hand, the CDM from [0] uses only physically-based hypotheses and does not need any data-fitting
parameter. Its original version uses a shifted HRR strain-stress field to estimate the plastic strain ranges ahead
of the crack tip, recognizing crack tip blunting to remove its singularity, and estimates the three phases of FCG
curves using a McEvily-like model. This CDM was later generalized to deal with VAL conditions [10]. In the
CD/SY mixed model proposed in [8], displacements calculated by SYM procedures, see Eq. (1), are used to
obtain the strain field ahead of the crack tip, which replaces the shifted HRR field assumed in original CDM
(but still retaining a McEvily-like rule, like the original CDM). In summary, three models are described, analyzed,
and compared in [8]: (i) the original strip-yield model (SYM), (ii) the original critical damage model based on a
shifted HRR field (CDM) and (iii) the mixed critical damage/strip yield model (SY-CDM).

This paper describes a significant improvement for the original SY-CDM, to avoid its need to assume a suitable,
but somehow arbitrary FCG rule. This new version can simulate the three phases of typical FCG curves without
the need for any other artificial tricks or arbitrary data-fitting constants. This modified strip-yield critical-damage
combined model (SY-CDMmod) estimates FCG increments in a cycle-by-cycle basis considering a gradual
damage accumulation process and possible crack closure effects on the cyclic strain field ahead of the crack tip.
To do so, it combines Newman's strip-yield ideas [7, 9] to quantify the strain fields ahead of the crack tip with
CDM routines, considering crack face contact at low loads, but not assuming AKyyis the FCG driving force.
For FCG under constant SIFs {AK, K,...} (fixed plastic zones) or stresses {A0; Oy} (slowly growing plastic
zones), no memory effects occur during FCG. So plastic deformations at maximum (Gux) and minimum (G,
applied stresses are calculated by Eqs. (2) and (3), obtained from Eq. (1), where SFis the flow stress, « is the
triaxiality constraint factor (which varies from plane stress to plane strain limit conditions), and 7. is the number
of bar elements inside the plastic zone. The element stress at minimum applied load, ¢;in Eq. (3), is calculated
by solving the equation system Eq. (4) using a Gauss-Seidel iteration process with added restraints [7].
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Figure 1 shows the plastic deformation ahead of the crack tip estimated by the SY-CDMmod at maximum and
minimum loads, using Egs. (2-3) in two conditions: (i) considering the elements at the crack surface and (ii)
assuming no plastic deformation around the crack surfaces, thus no crack closure. Like in the SYMs, the broken
elements are kept along the crack surfaces and are used to consider possible crack closure effects in the cyclic
strain field ahead of the crack tip. This figure also shows how the contact of the crack surfaces affects their
values. Hence, the FCG rates calculated by the proposed SY-CDMmod are affected (but not controlled) by
crack closure (which reduces the reverse plastic zone size, and the plastic strain ranges inside it as well).
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Figure 1: Plastic displacement ahead of the crack tip from SY-CDMmod.

The SY-CDMmod divides the plastic zone pz into small rigid-plastic bar elements, assumed analogous to tiny
&N specimens. Due to the simplified material behavior assumed by the SYM mechanics (rigid-perfectly-plastic,
neglecting elastic and strain-hardening effects), damage occurs only into the reverse plastic zone pz,. Fatigue
damage must be calculated, accumulated, and stored in a cycle-by-cycle basis. To reduce numerical errors, all
bar elements have the same initial width. SYMs estimate plastic deformation and stresses at the center of each
bar element, a characteristic kept in the SY-CDMmod. Crack increments can be located between two adjacent
bar elements, due to the critical damage value (usually assumed as 1). Hence, an interpolation routine is needed
to locate them and to correctly store the damage information in each one of its 400 bar elements inside the
monotonic plastic zone (since 7, = 400 is enough, as discussed in [5]).

Original SYM procedures calculate peak and residual plastic displacements at each bar element, hence they must
be adapted to generate the strain field needed by the SY-CDMmod, using a formulation proposed by Rice to
estimate cyclic strains for tensile cracks based on crack opening displacements [11]. Rice assumes an idealized
elastic-perfectly plastic material and proportional plastic flow, so plastic strain tensor components that remain
proportional in all bar elements inside the pz. Rice’s formulation is propetly modified to consider the calculated
plastic strain acting at the various bar elements ahead of the crack tip. The positions of the elements starting
from the crack tip, x.(7), are located at the center of each bar element. For details, see [5].

The SY-CDMmod eliminates the need the original CDM and SY-CDM [8] have to suppose da/dNXAK curves
described by a suitable (but nevertheless arbitrary) McEvily-like FCG rule. It does so using two new reasonable
hypotheses. The first assumes that if a fatigue limit exists, then there is a limit strain range A&, below which
the crack does not grow, associated to the SIF threshold range AKj. So, any applied load range smaller than the

threshold induces a strain range that does not cause damage to the crack. The second assumes the crack
becomes unstable at a maximum plastic strain related to the material toughness. The effective plastic strain



range A&,z that acts at the center of each element ahead of the crack tip can be correlated with the number of
cycles N(7) that would be required to break that element if that range was kept constant. These N(z) can be
calculated from the plastic patt of Coffin-Manson's rule using Eq. (5), or from the SWT rule using Eq. (6):

N(D) = (1/2)(Aey ., (D) /22,)"° ®)
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Notice that the effective strain range in Eqs. (5-0) is not associated to AKy; but to the maximum and minimum
strains at each bar element._This SY-CDMmod formulation only considers plastic strain ranges, because strains
calculated from SYM-estimated deformations assume a rigid-perfectly-plastic material ahead of the crack tip.
The fatigue damage at each bar element is accumulated at every load cycle by Palmgren-Minet's rule (ot by any
other suitable rule). Crack increments are assumed equal to the distance where the accumulated damage reaches
1.0 (or any other suitable value). The stress 0. from Eq. (0) is calculated considering tri-axial restrictions near
the crack tip (G = a-SF). Although not considered in this work, this SY-CDMmod model is able to deal with
VAL changing the width of the first and of the last elements inside the plastic zone, see [5] for details.

EXPERIMENTAL RESULTS AND DISCUSSION

These four models (SYM, CDM, SY-CDM, and SY-CDMmod) are compared with expetimental da/dNxAK
data measured at R =(.7 and R =0.7 for two materials, a 7075-T6 Al alloy and a 1020 low carbon steel, following
standard ASTM E647 procedures as described elsewhere [8]. Due to space limitations, only the 7075 Al data is
presented here. Since the SYM formulation was developed for a center cracked plate and the data was measured
in C(T) specimens, the K-analogy is used to define the applied stress as explained in [9]. Since the tests were
made under plane strain conditions, a constraint factor & = 3 is adopted for modeling purposes (the SY-CDM
and the SY-CDMmod use strains calculated from SYM procedures, so it is necessary to define this parameter.)
For each material and load condition, the simulation stopped only after reaching a FCG rate fluctuation lower
than 0.1% with a minimal crack increment of 5mm.

Figures 2 and 3 show the measured da/dNxAK data points and the cutves predicted by six models. First, by
the original CDM based on Creager and Paris (C&P). Second, by the SYM assuming a plastic constraint o =3
as mentioned above. Third, by two SY-CDMs (SY-CDM C&M and SY-CDM SWT) proposed in [8]. Finally,
by two SY-CDMmod proposed in [5] (SY-CDMmod C&M and SY-CDMmod SWT). As explained before, all
SYM-CDM cutves are predicted from the &N damage induced by the cyclic strain fields estimated by strip-yield
procedures using either Coffin-Manson or SWT &N rules, using only the plastic part of those &N models. This
simplification is needed for a fair comparison, since the numerical procedures used in the SYMs discretize the
pz ahead of the crack tip assuming rigid-perfectly-plastic VE elements. Recall that Coffin-Manson does not
recognize mean or maximum stress effects, whereas SWT does. Recall as well that the SYM-CDMmod does
not need to use a previously chosen da/dN rule, due to the two limiting strains introduced in this new model.

Figure 2 shows that the FCG curves estimated by the SY-CDM based on Coffin-Manson (C&M) and by the
original C&P CDM from [6] are essentially equal. Both are quite reasonable for R =0.7, albeit not as good for
R =0.7 (Fig. 3). The original SYM curve (estimated assuming & = 3) describes better the data points measured
at R = 0.7 (Fig. 3), but generates non-conservative predictions for lower AK at R = 0.7 (Fig. 2). As expected,
critical damage FCG rate estimates based on SWT are higher than estimates based on Coffin-Manson for both
R-ratios. The model proposed here that uses a Coffin-Manson damage calculation (SY-CDMmod C&M) yield
the best estimates for R = 0.7 (Fig. 2) and has a reasonable performance (similar to the original SYM) for the
higher R = 0.7 (Fig. 3). The SYM-CDMmod has a better performance at the higher AK ranges, where the
original models systematically estimated FCG rates higher than the measured data. It is important to emphasize
that the SY-CDMmod does not need to assume a pre-defined FCG curve. It does not need to use any adjustable
data-fitting constant either. It only uses &N properties and suitable strain limits associated to the FCG threshold
and the toughness of the material. The original CDM and the SY-CDM need to assume a pre-chosen McEvily-



type da/dNxAK curve, whose single adjustable parameter can however be calculated by &N procedures. The
former also needs to assume a displaced HRR field to describe the strain field ahead of the crack tip and to
eliminate the (unreal) crack tip singularity, as explained in [8]. The original SYM, on the other hand, assumes a
AKpbased Forman-Newman FCG curve with four adjustable data-fitting parameters [9].

The quite reasonable performance of the CDMs certainly is not a coincidence, since their FCG predictions are
based on &N properties and use no adjustable data-fitting parameters. In fact, when compared to SYM estimates
based on AK,r concepts and on a FCG rule that needs 4 adjustable parameters, not to mention the constraint

factor « that in practice is frequently used as a 5% data-fitting parameter, the CDM performance could be even
qualified as quite impressive for such a simple model. Even though a reasonable data-fitting cannot be
considered as proof of the SY-CDMmod validity, it at least indicates that the CDM hypotheses are reasonable.
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Figure 16: Strip-yield and critical damage models for the Al 7075-T6 at R = 0.7.

CONCLUSION

FCG models based on critical damage and on strip-yield/ AK,; contradictory ideas, and combined SYM/CDM
models that join the SYM mechanics with CDM procedures, are used to estimate FCG curves, which are
compared against 7075-T6 Al alloy FCG data, measured following standard ASTM E647 procedures. The éN
properties were measured by standard ASTM EG606 procedures, using coupons machined from the same
material lot, to avoid any inconsistency in the data. The quite reasonable performance of the predictions
indicates that, although apparently contradictory, such models are not incompatible. It also indicates that the
good fitting of some propetly obtained data set is not enough to prove which one is the best.
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Figure 3: Strip-yield and critical damage models for the Al 7075-T6 at R = 0.7.

REFERENCES

[1] Paris PC, Erdogan F. A critical analysis of crack propagation laws. | Basic Eng 85:528-534, 1963.

[2] Castro JTP, Meggiolaro MA. Fatigue Design Techniques, vol. 3: Crack Propagation, Temperature and
Statistical Effects. CreateSpace 2016.

[3] Elber W. Fatigue crack closure under cyclic tension. Eng Fract Mech 2:37-45, 1970.

[4] Elber W. The significance of fatigue crack closure. ASTM STP 486:230-242, 1971.

[5] Ferreira SE, Castro JTP, Meggiolaro MA. Fatigue crack growth predictions based on damage
accumulation ahead of the crack tip calculated by strip-yield procedures. Int | Fatigue, in print, 2018.

[6] Duran JAR, Castro JTP, Payio Filho JC. Fatigue crack propagation prediction by cyclic plasticity damage
accumulation models. Fatigue Fract Eng Mater Struct 26:137-150, 2003.

[7] Newman JC. A crack-closure model for predicting fatigue crack growth under aircraft spectrum loading.
ASTM STP 748:53-84, 1981.

[8] Ferreira SE, Castro JTP, Meggiolaro MA. Using the strip-yield mechanics to model fatigue crack growth
by damage accumulation ahead of the crack tip, Int | Fatigue 103:557-575, 2017.

[9] Newman JC. FASTRAN II: a fatigue crack growth structural analysis program, NASA Technical
Memorandum 104159, LRC Hampton, 1992.

[10] Castro JTP, Meggiolaro MA, Miranda ACO. Singular and non-singular approaches for predicting fatigue
crack growth behavior. Int | Fatigue 27:1366-1388, 2005.

[11] Rice JR. Mechanics of crack tip deformation and extension by fatigue. ASTM STP 415:247-311, 1967.




<<

  /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



