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from a corrosion pit

Alan Turnbull and Louise Crocker

SUMMARY

Finite element analysis (FEA) has been undertaken to calculate the stress intensity factor (K) of cracks
emerging from a corrosion pit in a martensitic stainless steel cylinder stressed remotely. The corrosion
pit was in the form of a truncated spheroid with depth equal to the full mouth opening. This geometry
reflects the configuration found in laboratory testing and in service in low chloride solution, albeit the
pit is considered ideally smooth. The pit depth was fixed at 150 um. A semi-circular crack was adopted
with radius ranging from 25 um to 250 um. Computations were performed assuming purely elastic
condition but the impact of plasticity around the pit was evaluated for selected crack depths.

A key observation of this investigation is that cracks on either side of the pit that are small compared
to the pit depth act independently, with K values unaffected by the presence of the other crack.
However, as the cracks on either side of the pit grow to a depth approaching the pit depth the K value
is mutually increased.

Elastic plastic analysis in discrete cases confirms these trends but highlights the approximate nature of
adopting K values that are not strictly applicable because of plasticity around the pit at the applied
stress and pit depth investigated.
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1 INTRODUCTION

In many engineering applications, including aerospace, power plant and offshore structures,
environment assisted cracking emanates preferentially from corrosion pits. Corrosion pits create a
stress concentration, a relatively aggressive local chemistry, and in the case of growing pits at high
applied stress a dynamic plastic strain, all of which individually or in combination can contribute to the
development of fatigue or stress corrosion cracks [1]. The application of X-ray computed tomography
to 3D imaging of pits and evolving cracks revealed that for many constrained pit geometries, such as
hemi-spheroidal or truncated spheroidal shaped pits, cracks do not develop preferentially at the base
of the pit as traditionally presumed but closer to the pit mouth [2]. An explanation for this
preponderance emerged from finite element analysis (FEA) of the stress and strain around the
corrosion pit [1, 3]. At low applied stress, with elastic conditions around the pit, the stress and strain
were both maximum around the pit base. However, at high applied stresses (or deep pits at lower
stress), plasticity was localised near the pit mouth. In the latter, the stress was distributed more
uniformly round the pit but decaying towards the pit mouth. The implication was that the site of initial
crack development was better correlated with the localised plastic strain close to the pit mouth.

Since cracks in many cases are developing from a corrosion pit near the pit mouth (appearing like
wings on either side of the pit) the question arises as to how to assign a stress intensity factor to cracks
emerging from the pit with a depth less than the pit depth. In the absence of detailed FEA, Murakami
and Endo [4] approached this empirically and analysed fatigue limits as a function of the size of various
defects including pits. They proposed that the stress intensity factor was proportional to the square
root of the projected area of the pits and cracks (Figure 1) raised to some power, typically 0.5.

(b)

-g———p Direction of maximum tensile stress

Figure 1: Schematic illustration of the pit with cracks (a) and projected equivalent crack envisaged in
approach of Murakami and Endo [4].

This concept did not align well with all data; notably, the dependence of the fatigue limit on pit size
for a martensitic stainless steel reported by Zhou and Turnbull [5]. Nevertheless, it highlighted the
challenge in defining appropriately the stress intensity factor for a pit with a crack on either side.
Should each crack be considered as isolated, with an individual surface length, unconnected to the
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other crack, or should the two cracks and pit be treated as an effective single crack including the pit,
in a manner comparable to the Murakami and Endo approach? Also, if the cracks are not interacting,
how does the stress intensity factor change when the cracks merge as the crack depth exceeds that
of the pit? To address these questions, FEA was conducted using the truncated spheroidal-shaped pit
investigated previously [3], being representative of the macro geometry of pits in martensitic and
austenitic stainless steel in chloride environments. No account is taken of microtopographical features
that can give rise to local stress concentration [6, 7] and may act as the loci of crack initiation. However,
arguably, sustained propagation of such embryonic cracks will depend on the macroscopic stresses
and so neglect of these features is not a significant limitation in this analysis.

2 MATERIAL MECHANICAL PROPERTIES

For consistency with previous work, the material adopted was a 12Cr martensitic stainless steel,
FV566, that is used extensively for steam turbine blades. The mechanical properties are shown in
Figure 2. The test data were derived at 90 °C, corresponding to the typical temperature of first
condensation in the low-pressure stage of steam turbines and the temperature adopted for laboratory
testing of this steel. The 0.2% proof stress at 90 °C was 820 MPa and the ultimate tensile stress (UTS)
was 955 MPa.

1200
Stress - strain curve of FV566 (AFTX) at 90 °C
1000

800

600

Stress (MPa)

0 0.5 1 15 2 25 3 35 4 45 5
Strain (%)

Figure 2: Tensile stress-strain curve for FV 566, 12Cr martensitic stainless steel at 90 °C showing data
up to limit of strain gauge measurement, corresponding in this case to the ultimate tensile stress.

3 PIT GEOMETRY

The pit geometry adopted was based on observation of pits in service and in laboratory testing and
was best represented by an idealised truncated spheroid with the pit depth equal to the full mouth
opening, as represented in Figure 3a. For comparison, a scanning electron microscopy image of a
laboratory generated pit is shown in Figure 3b, illustrating the irregularity of the surface at the local
level. Such local features can give rise to the microcracks referred to in the Introduction.
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(b)

Figure 3: (a) Example of pit as a smooth truncated spheroid; (b) laboratory grown pit highlighting
local microtopographical features.

4 FINITE ELEMENT ANALYSIS

The FEA has been carried out using ABAQUS V6.11-5. A 3-D version of the cylindrical specimen was
modelled in the ABAQUS CAE pre-processor. A pit was created half-way along the length of the
specimen, as indicated in Figure 4. A uniaxial force is assumed to be applied remotely.
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Figure 4: Half-model of specimen geometry showing mesh and refined mesh in the pit region.

The model geometry was partitioned so that a hemispherical region surrounding the pit and crack
could be meshed. This allowed a well-controlled, refined mesh of 3D quadratic, reduced integration
brick elements to be created to enhance the accuracy of stress prediction. The remainder of the
geometry was meshed using a less refined mesh of quadratic tetrahedral elements. Tie constraints
were automatically generated on the boundary between the two regions. The mesh configuration
associated with pit and cracks of varying depth is shown in Figure 5 (a-f). Note that the stress is into
the page. The pit mouth diameter and depth were constant at 150 um, while the crack was taken to
be semi-circular with radius varying from 25 um to 250 pum. In practice, cracks emerging from pits can
vary in geometry depending on the stage of crack development and particularly whether the crack is
a fatigue crack or a stress corrosion crack. Here, to address the limited questions posed in this analysis
a simple, well-defined, crack shape was adopted. For ease of presentation the scale is not the same
for each figure but the constant pit depth of 150 um acts as an effective benchmark.

For fully-developed cracks, i.e. depth greater than the pit depth, the depth and surface length is
defined in the conventional way by the distance from the centre position at the surface to the crack
front, whether or not the pit is present. For the semi-circular cracks with a depth smaller than the pit
depth the surface length of the crack is measured from the edge of the pit wall and is equated to the
crack radius. However, the crack front and crack depth are constrained by the presence of the pit so
that for the smaller cracks the surface length is greater than the depth at which the crack intersects
the pit. As the crack size approaches that of the pit depth (e.g. a crack of 140 um) the position of
maximum crack depth occurs before the point of intersection.

(@) 25 um



NPL Report MAT 95

(b) 50 um

(c) 100 um

(d) 140 um

(e) 180 um
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(f) 250 um

Figure 5. Mesh configuration for pit of constant depth of 150 um with cracks of varying radius: (a)
25 um; (b) 50 um; (c) 100 um; (d) 140 um; (e) 180 um; (f) 250um.

The contour integral method in Abaqus was used to calculate the stress intensity factor. This approach
requires the mesh to be conformed to the crack geometry to explicitly define the crack front and to
specify the virtual crack extension direction. Multiple contour integral evaluations can be obtained at
each location along the crack. Each contour is a ring of elements completely surrounding the nodes
along the crack line from one crack face to the opposite crack face. Each contour provides an
evaluation of the contour integral.

In this model the geometry has been partitioned to map 9 ‘rings’ of elements around the crack tip, see
Figure 6, providing 9 contour integral evaluations at each node along the crack in order to obtain
contour-independent results. At the crack line, the model uses brick elements with a collapsed side to
create wedge-shaped elements which introduce a singularity at the crack tip. A square root singularity
was defined at the crack tip as a linear elastic, small-strain analysis was being used. An alternate 1/r
singularity can be defined for the cases where plasticity is included but for these models there is very
little difference in J values predicted using the two definitions.

Figure 6. Controlled mesh around the crack tip showing the 9 contour ‘rings’ including the wedge
elements at the crack tip.

As can be seen in Figure 4, a half model has been used to reduce the computational time. A plane of
symmetry was defined along the crack plane and the change in potential energy calculated from the
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virtual crack front advance is automatically doubled to compute the correct contour integral values.
In the model the crack face itself is not included in the symmetry plane definition.

Stress intensity factor values were output for each contour integral at each point along the crack line.
When outputting the results, data from the first contour were excluded as the first contour is
influenced by the singularity associated with the crack tip. For 3D models with an open crack front,
outputs may be inaccurate from node sets at the crack front ends. This resolution difficulty is
compounded by the skewness of the outermost layer of elements, but the effect is confined only to
the contour integrals at the front ends. In this model average stress intensity factor values have been
obtained from nodes along the central crack length region, away from the crack front ends. For FE
analyses that include plasticity the calculation of stress intensity factor values is not appropriate, so
the J integral was output instead.

5 RESULTS AND DISCUSSION

The analysis was undertaken primarily assuming full elastic behaviour as K is most commonly used in
defining the mechanical driving force associated with cracks from pits despite its limitation upon
macroscopic yielding at the pit. Hence, while stress concentration would ensue in response to the pit
in the elastic model, any limit and redistribution of stress due to the onset of plasticity would not be
accounted for. To address that possibility, computations were also undertaken with plasticity
incorporated, with the J-integral as the parameter defining the mechanical driving force [8, 9].

The goal was not to estimate K, or J, for every possible configuration of both pit and crack size but
simply to address the more limited query of the extent to which the stress intensity factor depends
on the presence of the pit and whether a crack of depth smaller than the pit depth on one side of the
pit affects in any way the stress intensity factor of a small crack on the other side. In other words, are
the cracks behaving independently, and what happens as they merge towards a single crack?
Computations of the stress intensity factor were undertaken assuming a single pit depth of 150 um,
with the crack radius varying from 25 um to 250 um and applied stresses of 70% Go., and 90% Go.,.
Since the trend in results was broadly similar for both applied stresses, FE predictions for the latter
only are reproduced in the main text but some data for 70% (based solely on elastic theory) are
appended. In the steam turbine blade application that formed the basis of this analysis, the stresses
in service are typically about 90% co..

Contour plots of the stress distribution for the elastic and elastic-plastic case for a crack of depth
140 um (crack on either side of pit) are shown in Figures 7 and 8. For clarity only one half of the pit is
shown, taking into account the symmetry of the system. The stress axis is perpendicular to the crack
front. The stress profiles are broadly similar except for the reduced localisation of stress around the
base of the pit for the elastic-plastic case. This is not unexpected as yielding would constrain the
attainable stress in the latter; note the 0.2% proof stress is 820 MPa. Accordingly, a purely elastic
solution for K may overestimate the value but should not affect the relative comparison.
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Figure 7. Stress distribution (in MPa) around pit and 140 um deep crack calculated assuming pure
elastic conditions. Remote stress applied is 90% oy ;.
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Figure 8. Stress distribution (in MPa) around pit and 140 um deep crack calculated assuming elastic-
plastic conditions. Remote stress applied is 90% oo ..

The calculated K distribution along the crack front at 90% Go., is shown in Figure 9 for the 25 um crack,
assuming either a crack on one side of the pit or a crack on both sides, and in Figure 10 for the 140 um
crack. Note that K, refers to a Mode 1 crack, pure opening mode. The crack front number refers to a
discretised distance (determined by the number of nodes) along the crack front from the intersection
with the pit to the specimen surface. The crack front number has been presented as a normalised
value to allow direct comparison between models with slight variations in meshes (and hence number
of nodes) along the crack front. The K values at the two extremes, pit wall surface and sample surface,
will be affected by the discontinuity in material and generate artificial results that are physically
unrealistic. This is more apparent at the interface with the corrosion pit. Otherwise, the K value is
relatively uniform along the crack front with a slight increase in value towards the boundaries.
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Figure 9. Distribution of the stress intensity factor along the crack front for crack of radius 25 um
(surface length measured from the intersection with the pit) at an applied stress of 90% Go.,
assuming elasticity only; (a) single crack, (b) crack on each side of pit.
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Figure 10. Prediction of the distribution of the stress intensity factor along the crack front for crack
of radius 140 um at an applied stress of 90% oo assuming elasticity only; (a) single crack, (b) crack
on each side of pit.

When the crack is deeper than the pit but close to the pit base at its maximum depth there is a dip in
the predicted K value towards the base of the pit compared to the situation with no pit, as shown for
the 180 um crack in Figure 11. For a purely elastic solution this is a surprising result, insofar as a
reduction in local elastic stress due to the pit is not envisaged, yet does not seem to be an artefact. A
conceptual explanation is not readily forthcoming.

10
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Figure 11. Prediction of the distribution of the stress intensity factor along the crack front for crack
of radius 180 um at an applied stress of 90% o, assuming elasticity only.

Table 1 summarises the K values calculated for each crack radius, averaged over the crack front but
neglecting the distortions at the interface with the pit wall and the surface. The significant increase in
the K value due to the presence of the pit is readily apparent for the 25 um crack, although the
predictions for K for the 180 um crack seem anomalous (and not consistent with calculations based
on the J-integral). It is also evident that the K value for a crack of radius less than the pit depth is only
marginally influenced by the presence of a crack on the other side of the pit when the crack is small.
However, the tendency for an increase in K in response to the presence of the other crack becomes
more discernible as the crack radius approaches the pit depth; for example, at a crack radius of
140 um. At this depth, the presence of the crack begins to exert an influence on the stress distribution
around the base of the pit and thus impacts on the other crack.

The focus on the K values and an elasticity-based model reflects the predominant use of K to
characterise the mechanical driving force for cracks emerging from pits in most of the literature, but
its limitations for deep pits at elevated stresses are well-recognised if sometimes ignored for
pragmatic reasons. Nevertheless, it is essential to ascertain whether the same trends would be
predicted based on a more rigorous elastic-plastic analysis. Accordingly, calculation of the J-integral
was conducted for cracks of with radius ranging from very small compared to the pit depth to
significantly deeper than the pit. The results are expressed also in Table 1.

It is evident from Table 1 that the same conclusions with respect the mechanical driving force for the
single crack versus two cracks prevail. Most notable is the significant decrease in J integral when
comparing the values for the 140 um crack with those for the deeper 180 um crack highlighting the
influence of the pit and the significant gradient in mechanical driving force. For the deepest crack, of
depth 250 um, the mechanical driving force for the crack is determined by the elastic field around the
pit with the effect of the pit being small. Hence, the J-integrals are similar for both the purely elastic
and elastic-plastic analysis.

11
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Table 1. FE calculated values for K and J-integral for cracks (averaged over crack front except
anomalous end values) associated with 150 um deep pit (unless specified otherwise) with applied
stress of 90% Go.2. A full elastic solution has been adopted except where noted.

Crack fi i
] dirac/ 0 Configuration K/MPa.m®® J-integral/
adius /u MPa m
single crack RH crack 8.02
single crack
NO PIT RH crack 434
. -4
smg_le craclf RH crack 4.33x10
elastic-plastic
25 -
single crack
elastic-plastic RH crack 2.24x10*
NO PIT
RH crack 8.03
two cracks
LH crack 8.03
single crack RH crack 9.57
50 RH crack 9.60
two cracks
LH crack 9.61
single crack RH crack 10.78
100 RH crack 10.96
two cracks
LH crack 10.95
single crack RH crack 11.51
RH crack 11.89
two cracks
LH crack 11.90
14 i . 4
0 smg_le craclf RH crack 8.34x10
elastic-plastic
two cracks RH crack 9.01x10*
elastic-plastic LH crack 9.03x10*
single crack full crack 11.57
single crack
NO PIT full crack 11.78
i 9.37x10*
180 smg.le craclf full crack
elastic-plastic
single crack
elastic-plastic full crack 8.82x10*
NO PIT
single crack full crack 13.99
single crack
NO PIT full crack 13.90
i 1.24x10°3
250 smg!e craclf full crack 13.98*
elastic plastic
single crack
elastic-plastic full crack 1.25x10°
NO PIT

* K value calculated from J-integral for comparison — valid for this case.

12
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6 CONCLUSIONS

Finite element analysis to determine the stress intensity factor of cracks emerging from pits in a
martensitic stainless steel at remote stress of 90% oo, demonstrates that single cracks on either side
of the pit do not interact with each other in determining their respective K values until the crack depth
approaches that of the pit depth.

While this conclusion is not dependent on the approximate elastic analysis adopted when calculating
K, the unconstrained stresses in response to the neglect of local plasticity around the pit at these high
applied stress levels will lead to erroneous predictions of the absolute value

More rigorous elastic-plastic analysis indicates the constraints induced by local yielding on the
attainable stresses around the pit and the limitation in using K. Nevertheless, the trend in response to
crack interaction on either side of the pit is similar as is the effect of the pit in elevating the mechanical
driving force along the crack front.
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10 APPENDIX

This appendix summarises in Table Al the key data computed for an applied stress of 70% of G,
assuming purely elastic behaviour.

The K values in parentheses are calculations based on a full model rather than the half-cylinder model
and symmetry assumption (see Section 4). The differences are sufficiently small to justify adoption of
the computationally more efficient half-cylinder model.

Table Al. FE calculated values for K for cracks (averaged over crack front except anomalous end
values) associated with 150 um deep pit with applied stress of 70% Go.,.

Nominal Configuration
crack lgurati K/MPa.m?>
depth/um
single crack RH crack 6.24
25 RH crack 6.24
two cracks
LH crack 6.25
single crack RH crack 7.44 (7.45)
50 RH crack 7.47 (7.48)
two cracks
LH crack 7.47 (7.48)
single crack RH crack 8.38
100 RH crack 8.53
two cracks
LH crack 8.53
single crack RH crack 8.97
140 RH crack 9.25
two cracks
LH crack 9.26
180 single crack full crack 9.00
single crack
180 NO PIT full crack 9.16
250 single crack full crack 10.88
single crack
250 NO PIT full crack 10.88

14




<<
  /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


