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Abstract

Structural integrity of pressure vessels is of great im-
portance in ensuring their safe exploitation. Due to this, a
number of standards are developed in order to define the
criteria according to which materials, technologies and test
methods are selected for pressure vessels, particularly
when it comes to welded joints. Because of the nature of the
welding process, welded joints will typically contain differ-
ent types of defects, some of which could greatly endanger
their integrity. Cracks in particular are the cause of pres-
sure vessel failure.

The goal of this paper is to present the standard SIST EN
ISO 5817:2014 and emphasize the changes and additions
that are made, compared to the previous version, SIST EN
5817:2007. The standard includes recommendations and
requirements related to the presence of multiple types of
defects in welded joints subjected to fatigue loading. Since
fatigue crack growth greatly contributes to failure of pres-
sure vessels, for the first time this standard covers a very
important topic. Some of the earlier work related to multi-
ple defects in welded joint is also shown in the paper, and
used as examples.

INTRODUCTION

Safety of pressure equipment has been greatly improved
in the recent years up to a point where the frequency of
catastrophic failure is as low as 107 per year of exploitation
/1/. This is achieved by developing new and improved
standards, which in turn enable the development of better
materials, technologies and test methods related to manu-
facture and exploitation of pressure vessels. Standards in
question are developed based on extensive experience
gathered through the testing of pressure vessels and deter-
mining the reasons behind their failure.

Initially, the factors taken into account when designing
pressure equipment include working stresses, mechanical
properties of materials, their heterogeneity, plasticity, cor-
rosion, etc. These methods, however do not take into account
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Kljuéne reci
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» greske u zavarenim spojevima
» SIST EN ISO 5817:2014

* integritet konstrukcija

Izvod

Integritet posuda pod pritiskom je od velikog znacaja za
obezbedivanje njihovog bezbednog rada. Usled toga, razvi-
jeni su brojni standardi kojima su definisani kriterijumi
izbora materijala, tehnologija i metoda ispitivanja vezanih
za posude pod pritiskom, sa naglaskom na zavarene spoje-
ve. Zbog prirode procesa zavarivanja, zavareni spojevi
sadrze razlicite vrste gresaka, od kojih neke mogu ozbiljno
da ugroze integritet posude. Prsline su narocito opasne u
pogledu rizika od otkaza posuda pod pritiskom.

Cilj ovog rada je da predstavi standard SIST EN ISO
5817:2014, sa naglaskom na promenama i dodacima u
odnosu na prethodnu verziju standarda, SIST EN ISO 5817
2007. Ovaj standard sadrzi preporuke i zahteve vezane za
prisustvo vise razlicitih vrsta gresaka u zavarenim spoje-
vima opterecenim na zamor. S obzirom da rast zamorne
prsline u velikoj meri doprinosi opasnosti od otkaza posuda
pod pritiskom, moZze se zakljuciti da ovaj standard obuhvata
veoma znacajnu oblast. U radu su takode, kao primer,
prikazani i prethodni radovi vezani za prisustvo vise gresa-
ka u zavarenom spoju.

the presence of defects that could under certain conditions
lead to crack initiation, which could in turn result in
unstable crack growth and failure of pressure equipment /2/.
This is of great importance for welded joints typically used
to connect various parts of pressure equipment, since
defects in them are unavoidable. Welded joints, therefore,
represent critical locations in pressure vessels, especially
those with the highest stress concentration, which typically
depends on the type of applied load. Such welds need to be
investigated thoroughly using non-destructive test methods,
including visual inspection, ultrasonic tests, penetrant test-
ing, etc. Once the imperfections in welded joints are deter-
mined using any of the above methods (or their combina-
tions), their influence on the structural integrity of pressure
vessels should be assessed, in order to determine if it is safe
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to continue with exploitation, and also to determine the
remaining work life of the pressure equipment in question.
Data obtained in this way can also be used for the purpose
of repairing parts of the equipment, if necessary, /3, 4/.

The purpose of the standard presented here is to provide
recommendations on how to prevent these defects from
causing failure, i.e. how to keep them within acceptable
boundaries. The standard discussed here, SIST EN ISO
5817:2014, developed in Slovenia in 2014 /5/, is an
improvement to the previous standard, SIST EN ISO 5817:
2007, /6/. This standard is based on the Welding - Fusion-
welded joints in steel, nickel, titanium and their alloys
(beam welds excluded) - Quality levels for imperfections
standard, ISO 5817:2014), and is approved by the European
Committee for Standardization. As mentioned above, the
purpose of these standards is to define the sizes of com-
monly encountered defects in welded joints, in accordance
with quality level requirements that depend on the applica-
tion of welded elements, and are defined by the responsible
designers and/or manufacturers. These quality levels are
related to a number of factors, such as the type of defects in
the welded joints, the working conditions (different types of
load), potential failure consequences (which are typically
catastrophic in the case of pressure vessels, /7/).

SIST EN ISO 5817:2014 - SCOPE AND CHANGES

Both standards SIST EN ISO 5817:2007 and 5817:2014
provide the requirements for quality levels of imperfections
in fusion welded joints (excluding beam welding). Welded
joints in question are butt and fillet welds made of steel,
nickel, titanium and their alloys, /3/. Quality levels given in
the standards are B, C and D, whereas the B quality is the
highest.

These standards are applicable to the following materi-
als, welded joint geometries and welding technologies:

— Non-alloyed and alloyed steels

— Nickel and its alloys

— Titanium and its alloys

— Butt welds, fillet welds and branch connections
— All welding positions

— Metal arc welding (with or without shielding gas)
— Submerged arc welding

— Plasma arc welding

— TIG welding

— Oxy-fuel gas welding (for steel only).

Standards SIST EN ISO 5817:2007 and 5817:2014 do
not cover the microstructural properties, such as grain size
and hardness of these metals and their alloys.

The main difference between the two standards is the
addition of Annex C in SIST EN ISO 5817:2014. This
annex defines the additional requirements for welded joints
subjected to fatigue loading. The Annex defines the quality
levels required in order to meet the fatigue class (FAT)
requirement, whereas FAT has a value corresponding to the
acceptable stress range for two million cycles, a two-sided
survival probability of 95%, determined from the mean
value based on the two-sided 75% tolerance limit of the
mean corresponding to IIW Recommendation (ITW-1823-
07, /8/).
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Taking into account the effects of fatigue on welded
joint results in the need to adopt additional requirements for
B and C quality levels, for the purpose of adjusting the
acceptable defect dimension limits. The adjusted values of
defect dimension limits can be seen in detail in Annex C of
standard SIST EN ISO 5817:2014, /4/.

PRACTICAL EXAMPLES OF INTEGRITY ASSESSMENT
FOR WELDED JOINTS WITH MULTIPLE DEFECTS

In this section, some of the previous research regarding
the subjects of fatigue loading, multiple defects and the
application of standards to them is shown using several
examples, /9-11/.

Cracks in the fusion line of a cylindrical CO; tank

This research involved the numerical analysis of the
stress state in welded joints with certain imperfections,
which were a part of a cylindrical tank used for storing
carbon dioxide, /8/. The tank is made steel P460NLI1, a
low-alloyed high strength ductile steel with good weldabil-
ity. Cracks detected using NDT methods, located between
the shell and the head of the tank, can be seen in Fig. 1,
whereas the geometry of one of the welds can be seen in
Fig. 2. As can be seen from this figure, the welded joint
contains a crack in the fusion line, as well as a linear misa-
lignment of the parent material (P460NL1).
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Figure 1. Location of cracks in the CO: storage tank, /8/.
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Figure 2. Geometry and dimensions of a welded joint with linear
misalignment.

In addition to the model based on the geometry seen
above, an another one is made of a welded joint with
acceptable (negligible) linear misalignment, but with a
noticeable weld face overhang. The test pressure used for
the tank is 2.6 MPa, and based on this value, along with the
sizes of the tank, /8/, the normal stress was determined to be
115 MPa (for the purpose of numerical simulation). Resid-
ual stresses in the welded joint (with a magnitude of
383 MPa) are also taken into consideration while interpret-
ing the obtained results. The maximum stress values ob-
tained for both models accounted for the presence of cracks
in the first and their lacking in the second one (since they
were above the parent material tensile strength for the linear
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misalignment model, and below it for the overhanging
model). It is concluded that the cracks were caused by the
combined effect of defects and residual stresses.

This analysis was also used in order to illustrate how
numerical analysis of welded joints can show the differ-
ences between welds with different types of defects in
terms of stress magnitudes and their distributions, showing
the importance of the use of NDT methods in detecting
imperfections that shall be taken into account during further
analyses.

Effects of geometry and residual stresses in welded joints
subject to fatigue loading

This paper focuses on developing of a model for predict-
ing fatigue behaviour of welded joints due to the combined
effects of geometry (and defects resulting from it), residual
stresses and various loading cases. This behaviour is based
on determining the stress intensity factor (from the Paris-
Erdogan power law) in the case of a specimen with several
different types of defects (undercuts), all of which include a
semi-elliptical surface crack, /9/. The classification of the
defects considered is shown in Fig. 3.

Ivpe 1:curved

L N7 %

Type 2. crack-like \..__.
0.25 mm
Type 3: micro-flaw %—

Figure 3. Classification of undercuts in the case of a butt welded
joint, /9/.

Types of undercuts discussed in this paper typically
occur in manual metal arc welded joints, and manifest in

= 1000 | =g

the form of a lack of sufficient weld metal deposit, as seen
in the above figure. Of the three types shown, the first is
adopted as representative for the model, since it is the most
commonly encountered type. In addition, the misalignment
of the butt joint in question is taken into account (including
linear and angular misalignments). Such misalignments can
cause additional loads (forces) acting in the welded joint,
which should be included in the stress concentration factor
K, as shown in literature, /9/.

The next step involves the determining of fatigue
strength of butt welds subjected to combined loading and
residual stresses. This strength is dependent on a number of
factors, including weld geometry, load conditions and resid-
ual stress. Fatigue strength obtained in this way, /9/, is then
used as the basis for developing a mathematical model for
the S-N curve.

Welded specimens are made of ASTM A36 structural
steel, and are designed for constant load amplitude fatigue
tests in accordance to standard E466-82. Submerged arc
welding procedure is used for welding plates from which
the specimens are cut.

Tests are performed using an universal MTS-testing
system which can record all of the relevant dynamic results
in digital form. The experiment involved static tests in
order to determine the properties of the specimens, along
with fatigue tests which were performed at several constant
loading levels, with the stress ratio R =0.1.

Shown in Figs. 4-6 are the test results, including the
dependence of the S-N curve from the undercut radius, the
residual stresses and welded joint misalignment, respec-
tively. It can be seen that the reduction in the undercut
causes the S-N curve to move left to right, suggesting that
fatigue strength and life of the observed butt-welded joints
can be improved by removing the undercut defect.
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Figure 4. Effect of undercut tip radius on the S-N curve, /9/.
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Figure 5. Effect of residual stress on the S-N curve, /9/.
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Figure 6. Effects of combined loading due to misalignment.

As can be seen in Fig. 5, residual stress tests are per-
formed by using varying stress magnitudes, ranging from —
172 to 300 MPa, whereas 300 MPa corresponds to the
parent material yield strength. Based on curves shown in
this figure, it can be concluded that compressive residual
stresses improve fatigue life, whereas tensile residual stresses
reduce it, as expected. This suggests that the introduction of
compressive residual stresses could further improve fatigue
strength and life.

Results in Fig. 6 indicate that the increased misalignment
leads to decreased fatigue life, as S-N curves tend to move
to the left with the increase in e/t and y, which represent
misalignments.

In the case of undercut and misalignment defects, it is
determined that by reducing or eliminating them, the
fatigue life of the butt-welded joints can be increased
significantly, up to 300% for complete undercut elimination
and 150% for misalignment elimination, /9/.

After the results of the aforementioned tests are obtained
and analysed, it is concluded that the fatigue strength and
life of butt-welded joints can be greatly improved by
decreasing the size of defects (in this case, undercuts and
linear or angular misalignments), or by eliminating them.
An additional measure that could be utilised in order to
improve the fatigue properties of the welds in question
involved the introduction of compressive residual stresses
to the surface through various methods. It is confirmed that
the mathematical model developed in this study could be
used effectively in predicting the overall effects of geome-
try parameters (various defects) and residual stresses of
butt-welded joints, subjected to combined loading (due to
the presence of the previously mentioned defects).

Results presented in this research brought up the ques-
tion of what would happen if multiple imperfections (defects)
of significant size are present in welded joints? In what way
would this affect the fatigue properties of such welds?

IIW recommendations for fatigue assessments of welded
Jjoints and components

Research described in this paper is inspired by the need
to review and update current integrity assessments of
welded joints. It is focused on combining all of the previous
recommendations regarding the test methods, fracture me-
chanics assessment methods and safety, /10/. One particular
goal of the standard updates is to include fatigue behaviour
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of welded structures in a way that would ensure it is inde-
pendent from the selected assessment method (nominal
stress, structural hot spot stress, notch stress, fracture
mechanics, ...).

Determination and interpretation of fatigue properties of
welded joints is influenced not only by the adopted assess-
ment method, but also by the application of the structure in
question, as well as the (un)availability of the necessary
material properties. The aim of the updates to the previous
ITW recommendations is to address all these issues, making
the determination of fatigue behaviour universally applica-
ble.

A different way of assessing fatigue properties covered
by this documentation is shown in Table 1, /10/. It is neces-
sary to ensure that all of the elements of fatigue assessment
correspond to each other, as well as to take into account all
regulations related to various factors that are important for
each method.

Table 1. Consistent application of IIW recommendations.

Assessment Type of fatigue action Information

No information
Structural detail
Type of weld

Component test
S-N curve of detail
S-N curve of weld Structural hot-spot stress

Notch stress
Stress inten. at crack tip Material parameters

Load on component
Nominal stress
S-N curve of mater. Effective notch stress
Paris power law

Additional details about each of these fatigue assessment
methods can be found in corresponding literature. These
methods should also take into account residual stresses,
which are factored into fatigue behaviour analysis through
previously mentioned FAT values.

Once fatigue properties are determined, it is necessary to
re-evaluate the existing data in order to establish a code for
application of various methods that can be used to improve
fatigue strength and life of welded joints (by improving
surface geometry, residual stresses and shape). Geometry
and shape changes are often related to the presence of imper-
fections (defects) in welded joints. According to previous
standards in the ISO 5817 series, there are 26 different
types of defects, with their corresponding acceptable dimen-
sions for quality levels B, C and D.

The problem with these standards is that they are devel-
oped based on DIN 8563 standard, which has classified
welded joints depending on the difficulty and the cost of
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manufacture and testing of these welds using NDT methods,
without taking fatigue into account. Hence, ISO 5817 could
not apply to problems related to fatigue properties, and
there is a need for improvements. The solution proposed by
IIW is to extend the scope of typical fatigue related codes
by describing fatigue properties of welded joints with
different imperfections, such as undercuts and misalign-
ments as described in the previous examples.

It is concluded that the process of updating existing
recommendations in terms of fatigue behaviour and defects,
has provided a number of innovative benefits, some of
which include: detailed recommendations for FEM meshing
of structural hot spot stress method models, the expansion
of effective notch stress method to aluminium welded
joints, direct fatigue assessment of components without the
need for subsequent testing, etc. /10/. These conclusions
inspire future work on ultimately developing a standard that
would include the above aspects, which is the point of the
implementation of the improved version of SIST EN ISO
5817:2007, i.e. the SIST EN ISO 5817:2014.

CONCLUSIONS

The purpose of this paper is to introduce the newly
implemented standard SIST EN ISO 5817:2014 which
contains recommendations and regulations related to the
presence of imperfection, i.e. defects in welded joints. The
previous version of the standard, SIST EN ISO 5817:2007
contains the same limitations for acceptable sizes of various
defects, depending on the type of welded joints, however, it
lacks any information regarding fatigue loading.

As can be seen from the literature reviewed herein, the
presence of defects could result in the increased stress
concentration and contribute to crack initiation and unstable
growth. Furthermore, the second and third example empha-
size the considerable significance of fatigue to the structural
integrity of welded joints, and its dependence on numerous
factors, such as geometry, application, load and exploitation
conditions.

For reasons mentioned above, it is of great importance to
present the standard in question to any and all who are
involved in designing and testing pressure equipment, as its
main goal is to further improve the safety of such equip-
ment by taking into account factors previously not consid-
ered sufficiently (or at all).

REFERENCES

1. Jovici¢, R., Radakovi¢, Z., Petroni¢, S., et al. (2016), Inspec-
tion, non-destructive tests and repair of welded pressure equip-
ment, Struc. Integ. and Life, 16(3): 187-192.

2. Jovi¢i¢, R. (1998), Safety assessment of welded pressure ves-
sels by in-situ testing, Magister Thesis in Serbian (Procena
sigurnosti zavarenih posuda pod pritiskom ispitivanjem u eks-
ploataciji), University of Belgrade, Faculty of Technology and
Metallurgy, Belgrade.

3. Milovanovié, N., Pordevi¢, B., Sedmak, A., et al. (2017),
Repair welding of corrosion damaged pressure vessels in the
‘Djerdap 1’ Hydroelectric power plant, Proc. of Abstracts 9"
Int. Scient.-Prof. Conf. SBW 2017, Slavonski Brod, Croatia,
p-27.

4. Milovanovi¢, N., Pordevi¢, B., Tati¢, U., et al. (2017), Low-
temperature corrosion damage and repair of boiler bottom
panel tubes, Struc. Integ. and Life, 17(2): 125-131.

5. SIST EN ISO 5817:2014, Slovenski Institut za standardizacijo,
2014.

6. SIST EN ISO 5817:2007, Slovenski Institut za standardizacijo,
2007.

7. Golubovi¢, T. (2018), Integration of human and organizational
factors into the risk-based model assessment of pressure equip-
ment, Doctoral Thesis in Serbian (Integracija ljudskih i organi-
zacionih faktora u model procene rizika i integriteta opreme
pod pritiskom), University of Belgrade, Faculty of Mechanical
Engineering.

8. Hobbacher, A.F., Recommendations for Fatigue Design of
Welded Joints and Components, Springer Int. Publ., 2016. doi
10.1007/978-3-319-23757-2 1

9. Jovi¢i¢, R., Sedmak, S.A., Tati¢, U., et al. (2015), Stress state
around imperfections in welded joints, Struc. Integ. and Life,
15(1): 27-29.

10. Ninh Nguyen, T., Wahab, M.A. (1998), The effect of weld
geometry and residual stresses on the fatigue of welded joints
under combined loading, ] Mat. Proces. Techn., 77(1-3): 201-
208. doi.org/10.1016/S0924-0136(97)00418-4

11. Hobbacher, A.F. (2009), The new IIW recommendations for
fatigue assessment of welded joints and components - A com-
prehensive code recently updated, Int. J Fatigue, 31(1): 50-58.
doi.org/10.1016/j.ijfatigue.2008.04.002

© 2018 The Author. Structural Integrity and Life, Published by DIVK
(The Society for Structural Integrity and Life ‘Prof. Dr Stojan Sedmak”)
(http://divk.inovacionicentar.rs/ivk/home.html). This is an open access
article distributed under the terms and conditions of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License

s 200Q00 o

INTEGRITET I VEK KONSTRUKCIJA
Vol. 18, br. 1 (2018), str. 77-81

81

STRUCTURAL INTEGRITY AND LIFE
Vol. 18, No 1 (2018), pp. 77-81


http://divk.inovacionicentar.rs/ivk/home.html
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	INFLUENCE OF MULTIPLE DEFECTS IN WELDED JOINTS SUBJECTED TO FATIGUE LOADING ACCORDING TO SIST EN ISO 5817:2014
	UTICAJ PRISUSTVA VIŠE VRSTA GREŠAKA U ZAVARENOM SPOJU OPTEREĆENiM NA ZAMOR U SKLADU SA STANDARDOM SIST EN ISO 5817:2014
	INTRODUCTION
	sist en iso 5817:2014 - SCOPE AND CHANGES
	practical examples of integrity assessment for welded joints WITH multiple defects
	Cracks in the fusion line of a cylindrical CO2 tank
	Effects of geometry and residual stresses in welded joints subject to fatigue loading
	IIW recommendations for fatigue assessments of welded joints and components

	CONCLUSIONS
	REFERENCES



<<

  /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 1.5

  /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 [595.276 841.890]

>> setpagedevice



