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ABSTRACT. A mixed-mode geometry has been chosen to investigate a crack
propagation using the multi-parameter fracture mechanics concept. The so-
called Williams® series expansion is used for the crack-tip stress field
approximation. It has been shown that application of the generalized fracture
mechanics concept can be crucial for materials with specific fracture
behaviour, such as elastic-plastic or quasi-brittle one, when fracture occurs not
only in the very vicinity of the crack tip, but also in a more distant surrounding.
Then, considering the higher-order terms of the Williams’ expansion in
fracture criteria (describing the crack stability and/or crack propagation
direction) can bring more precise results. The coefficients of the Williams’
expansion must be calculated numerically (for instance by means of the over-
deterministic method in this work) for each cracked configuration, which is
very time-consuming, and the analysis is very extensive even for a few basic
cracked specimen configurations. On the other hand, a suitable choice of the
geometrical configuration of the cracked disc enables performing experiments
only on the specimens that could prove the theory about the importance of
using the higher-order terms.
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INTRODUCTION

Ithough fracture mechanics has been studied for approximately one century, proper assessment of crack behaviour

is still under investigation of many researchers. One of the current tasks is more precise description of the crack-

tip stress/displacement field that is fundamental information necessary for additional more complex fracture
analyses. In the last years, the multi-parameter concept seems to be helpful, when some of the fracture mechanics issues are
solved [1-3]. Contrary to the most common single-parameter linear elastic fracture mechanics approach working mainly
only with the stress intensity factor (first term of the Williams’ expansion [4]), the generalized fracture mechanics takes into
account also the second (non-singular) term of the WE, the so-called T-stress, as well as the terms of higher orders.
Significance of the truncated form of the Williams’ series has been investigated by the authors’ collective for instance in [5-
8]. Moreover, generalized fracture criteria are taking into account more terms of the Williams’ expansion start to appear in
scientific works. For example in [9, 10] the generalized maximum tangential stress criterion is introduced, which considers
in the fracture criterion not only the stress intensity factor but also the T-stress.
In this work, a mixed-mode cracked configuration was chosen and the crack propagation angle was investigated numerically
by means of finite elements. The study presented represents a pilot analysis that should help to select a suitable configuration
of the semi-circular disc, particularly the initial crack length and the crack inclination angle. This specimen will be considered
in planned bending fracture experiments on specimens made of fine-grained composites based on the alkali-activated matrix
(AAM). Several configurations are searched, where it can be expected that the description of the crack-tip stress field via
multi-parameter fracture mechanics brings much better results of the crack path than the classical one-parameter fracture
mechanics concept.
Currently, identification of the basic material characteristics of the specially selected material are taking place. Alkali activated
aluminosilicate materials represent an alternative to ordinary Portland-cement-based materials, reducing the environmental
impact of building industry and offering new improved properties. These binders are made through the mixing of some
non- or poortly-crystalline aluminosilicate-based material, such as blast furnace slag or fly ash, with an alkaline activator
(hydroxides, carbonates or the most preferably silicates) and water [11, 12]. Type and dosage of the activator as well as the
way of curing have a significant effect on the hydration course and final mechanical properties [13]. The choice of the
composite with AAM for the research corresponds to the lack of information about its fracture behaviour.

THEORETICAL BACKGROUND

Multi-Parameter Fracture Mechanics (MPFM)
he multi-parameter fracture mechanics concept assumes that the crack-tip stress/displacement field is described by
means of the Williams” expansion [4] that was derived for a homogeneous elastic isotropic cracked body with an
arbitrary remote loading. The infinite power series for the crack-tip stress field can be written in the form:

23

oy = Z;‘fﬂAn%rz fij(n, 0) + Z;‘f;le%r?_lgij(m, 0) , where i,j € {x,y}; o)

similarly, the infinite power series for the crack-tip displacement field can be written in the form:

U = Yoo Ay rzfi(n,0,E,v) + Y0 B rzgi(m,0,E,v) , where i€ {x,y}. 2

These are the two basic equations and their truncated form is used in the research introduced in this paper. Regarding the
symbols used, it holds following: o; and # represent the stress tensor and displacement vector components, respectively; (7,
) symbolize the polar coordinates (considering the centre of the coordinate system at the crack tip and the crack faces lying
on the negative x-axis); f; ,g; and f;, g stand for the known functions corresponding to loading mode I (fj and loading mode
II (g) and their expressions can be found in classical textbooks on fracture mechanics; E and v represent Young’s modulus
and Poisson’s ratio, respectively. The only unknown symbols are the coefficients 4, and B,, of the individual terms of the
series — their values depend on the relative crack length, load, geometry or generally, on the cracked specimen configuration.
Therefore, it is necessary to calculate these parameters numerically and the method used within this work is described in the
following text.
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Ouver-Deterministic Method (ODM)

Over-deterministic method (ODM) was chosen as the procedure for calculation of the coefficients of the individual terms
of the Williams’ expansion. These terms are usually neglected and only the first (singular) term corresponding to the well-
known stress intensity factor is taken into account. ODM enables determination of an arbitrary number of the coefficients
of the series introduced in Eqns. 1 and 2 when particular conditions are satisfied.

The principle of the method consists in direct application of Eqn. 2 for displacement vector components. When £ nodes
are selected around the crack tip, a system of 24 algebraic equations for the variables 4, and B,, can be defined, when
displacements # and » as well as the nodes coordinates r and @ are known (from a finite element model or from an
experiment). In order to fulfil the basic idea of the method (solving of an over-determined system of equations), it must
hold that 24 is larger than N+M+2, where N and M are the numbers of the mode I and mode 11 Williams” expansion terms
in the its truncated form, respectively. More details, recommendations and/or restrictions regarding the application of the
method can be found for instance in [14, 15]. Note that the ODM was chosen with regard to its low requirements on the
software and mathematical definitions/procedures in contrast to other method derived in literature, such as Hybrid Crack
Element (HCE) method, Boundary Collocation Method (BCM) etc. [16-18].

Maxcimum Tangential Stress criterion (MTS)

When a crack is located arbitrarily to the loading direction, the mixed-mode loading is spoken about. In order to describe
the crack behaviour, particulatly its trajectory through the specimen, several fracture criteria have been detived, see for
instance [19]. In this work, the Maximum Tangential Stress (MTS) criterion and minimum Strain Energy Density (SED)
criterion were chosen. Both are common and often used when the crack path shall be investigated. The MTS criterion is a
stress-based criterion and is independent on the plane stress or plane strain conditions. Its basic idea consists in the
assumption that a crack will propagate in the direction where the tangential stress oys reaches its maximum [20]. Written
mathematically:

60'99 _ 620'99
P =0 and 502

<0. ©)

When the criterion is used in this research, the tangential stress component is expressed via Williams’ expansion similatly to
Eqn. 1 and the maximum of that function is searched numerically in Wolfram Mathematica code [21].

Mininnm Strain Energy Density criterion (SED)
Similarly, the kink angle of the crack can be found by means of the minimum Strain Energy Density (SED) criterion [22](23],
but the minimum of the function § is searched. This condition can be again written by means of the derivatives:

as GEN 1 [r+1 2
38 = 0 and 702 > 0,where S = Z[T (o + 0'99)2 — Oy Ogg T 01"9] . 4

The stress tensor components are approximated by means of the Williams’ expansion considering various numbers of the
initial terms and a procedure for finding the minimum of the strain energy density factor § is programmed.

The basic difference between the multi-parameter (generalized) criteria and the classical (one-parameter) ones is the
existence of a length parameter where the multi-parameter criterion is applied. Because there does not exist any
unambiguous recommendation how to choose this radial distance (only some theories that it should be related to material
characteristics [24-20]), several various values were tested within this study.

NUMERICAL MODEL

he analysis on the crack behaviour and importance of the MPFM has been performed on a semi-circular disc loaded
in bending (SCB), see e.g. [27]. One of the advantages of this kind of specimens is the initiation of the tension crack
even under the compressive loading, see Fig. 1. Also, the inclination of the crack enables to test specimens under
various mixed mode (I+1I) conditions.
The parameters of the numerical model were as follows: radius of the disc R = 50 mm, span between supports §' = 80 mm,
the crack length varied between @ = 10 + 35 mm and the crack inclination angle varied between = 10° + 50°. Thus, thirty
various configurations were investigated with mixed-mode level between Ki/Kn = 1.5 + 8.
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In order to get basic fracture mechanical properties of the alkali-activated material under study, several tests have been

performed on prisms with dimensions 40 x 40 x 160 mm. Young’s modulus of 35 GPa and Poisson’s ratio of 0.23 were
then applied in the numerical simulations based on the results of 3-point bending test and resonance method, respectively.

P

COMPRESSIVE
FORCE

2) b)

Figure 2: Experimental campaign on 40 X 40 X 160 mm cracked prisms under 3-point-bending: a) experimental setup; b) detail of the
crack path through the specimen.

The numerical model has been created as a two-dimensional (2D), commercial finite element software ANSYS [28] has
been used. The crack deflection has been studied under the compressive forceP = 1 kN considering plane strain boundary
conditions. A quadrilateral element type (PLANE183) with quadratic basis functions have been used for modelling of the
semi-circular disc. The FE mesh at the crack tip has been refined in order to take into account crack tip singularity. For
application of the ODM, nodes at the radial distance of 4 mm have been selected and their displacements used for evaluation
of the coefficients of higher-order terms. Stress components necessary for application of mentioned fracture criteria have
been expressed via Williams” expansion taking into account up to 10 initial terms of the power series. The criteria have been
applied at critical distances rc of 0.1, 0.5 and 1 mm. Results obtained are presented and discussed in the following section.

RESULTS & DISCUSSION

considering various parameters are presented. Let’s summarize what parameters have been varied:

I n the following figures, the dependences of the crack deflection angle obtained for vatious cracked configurations and

e Initial relative crack length, & = a/R;
e Crack inclination angle, £
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e Critical distance, where the multi-parameter fracture criteria are applied, 7;

e Number of initial terms of the Williams’ expansion considered for crack-tip stress field approximation.
In Figs. 3 to 6 only selected results are introduced, because the extent of the analysis is too large. Influence of the above-
mentioned parameters on the crack deflection angles obtained has been investigated in order to find the appropriate
configurations for subsequent experimental campaign that should prove the significance of considering the higher-order
terms when the crack-tip stress field is reconstructed.
Comparison between multi-parameter MTS and SED criterion and their application at various distances can be observed
for short cracks with & = 0.2 in Fig. 3 and for longer cracks with & = 0.5 in Fig. 4, respectively.
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Figure 3: Crack deflection angles y obtained on the SCB specimens for short cracks (¢/R = 0.2) via multi-parameter MTS and SED

ctiterion applied at critical distances of 0.1 mm and 1.0 mm for various crack inclination angles (8= 10, 20, 30, 40 and 50°) and
considering various numbers of initial terms of Williams’s expansion (IN, M =1, 2, 3, 6 and 10).

Results presented in Figs. 5 and 6 represents comparison of the crack deflection angles obtained via multi-parameter MTS
and SED criterion at various critical distances in dependence on the choice of the number of initial terms of the Williams’

expansion for two inclination angles (f = 10° and £ = 50°) for shott cracks with @ = 0.2 (Fig. 5) and for longer cracks with
a = 0.5 (Fig. 6), respectively.
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Figure 4: Crack deflection angles y obtained on the SCB specimens for longer cracks (/R = 0.5) via multi-parameter MTS and SED

criterion applied at critical distances of 0.1 mm and 1.0 mm for various crack inclination angles (8= 10, 20, 30, 40 and 50°) and
considering various numbers of initial terms of Williams’s expansion (N, M =1, 2, 3, 6 and 10).

Based on the graphs presented above, following conclusions can be stated:
=  Even at small critical distances from the crack tip (. = 0.1 mm) it has been proved that higher-order terms of the

Williams” expansion could improve the accuracy of the estimated crack deflection angle.

= This effect is stronger for longer cracks and when larger distances from the crack tip are used for application of the
generalized fracture criteria.

®  The SED criterion is less sensitive to the choice of the number of the higher-order terms than the MTS criterion.

= Generalized fracture criteria are more important for cracks under mixed mode I+11, than for cases when loading

mode I prevails (i.e. in our case for larger fangles).
In connection with the experimental research intended by the authors, following recommendations can be concluded: The
experimental campaign should be performed (as much as possible) on SCB specimens with larger cracks and larger initial
deflection angles f in otrder to be able to investigate the effect of the highet-order terms considered in the generalized
fracture criteria on estimation of further crack propagation angles.
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Figure 5: Crack deflection angles y obtained on the SCB specimens for short cracks (¢/R = 0.2) via multi-parameter MTS and SED
criterion applied at critical distances of 0.1, 0.5 and 1.0 mm for crack inclination angles 10° and 50° and considering up to 10 initial
terms of Williams’s expansion.

If the suggested approach is not able to describe the crack path in the fine-grained composite based on the alkali-activated
slag as a quasi-brittle material, other fracture criteria (that are more suitable for non-brittle fracture and mixed-mode
conditions) should be applied, such as maximum average tangential stress (MATS) criterion [29] or others. Another
possibility is to use so-called Equivalent Material Concept (EMC) suggested recently by Torabi [30] and consider a virtual
brittle material exhibiting linear elastic behaviour instead of the real quasi-brittle one; details on this concept can be found
in the referred literature.

CONCLUSIONS

aper deals with a parametric study on a mixed-mode I+II specimen in order to find a suitable geometrical

configuration of a SCB disc for proving importance of considering the higher-order terms of the Williams’ expansion

during approximation of crack-tip stress field. The analysis shall be performed on a novel material: fine-grained
composite based on the alkali-activated slag (an alternative to ordinary portland-cement-based materials, reducing the
environmental impact of building industry). The crack deflection angle is studied via multi-parameter MTS and SED criteria
for various geometrical configurations and several recommendations are concluded based on the results obtained. The
largest differences between the classical single-parameter fracture mechanics and the multi-parameter concept are observed
in SCB specimens with larger cracks and larger initial deflection angles £. Thus, the real fine-grained composite specimens
will be produced with these parameters.
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Figure 6: Crack deflection angles y obtained on the SCB specimens for larger cracks (¢/R = 0.5) via multi-parameter MTS and SED
criterion applied at critical distances of 0.1, 0.5 and 1.0 mm for crack inclination angles 10° and 50° and considering up to 10 initial
terms of Williams’s expansion.

ACKNOWLEDGEMENT

inancial support from the Czech Science Foundation (project No. 18-12289Y) and from the Faculty of Civil
Engineering, Brno University of Technology (project No. FAST-5-19-5890) is gratefully acknowledged.

REFERENCES

[1] Berto, F., Lazzarin, P. (2010). On higher order terms in the crack tip stress field, Int. J. Fract., 161, pp. 221-226.
DOLI: 10.1007/s10704-010-9443-3.

[2] Du, Z.Z., Hancock, J.W. (1991). The effect of non-singular stresses on crack tip constraint, J. Mech. Phys. Solids, 39,
pp- 555-567. DOL: 10.1016/0022-5096(91)90041-L.

[3] Karihaloo, B.L. (1999). Size effect in shallow and deep notched quasi-brittle structures, Int. J. Fract., 95, pp. 379-390.
DOI: 10.1023/A:1018633208621.

[4] Williams, M.L. (1957). On the stress distribution at the base of a stationary crack, J. Appl. Mech. (ASME), 24, pp. 109—
114.

[5] Malikova, L. (2015). Multi-parameter fracture criteria for estimation of crack propagation direction applied to a mixed-
mode geometty, Engng. Fract. Mech., 143, pp. 32-46. DOL: 10.1016/j.engfracmech.2015.06.029.

72



L.. Malikova et alii, Frattura ed Integrita Strutturale, 49 (2019) 65-73; DOIL: 10.3221/IGF-ES1S.49.07

[6] Malikova, L., Vesely, V. (2014). The influence of higher-order terms of Williams series on a more accurate description
of stress fields around the crack tip, Fatigue Fract. Engng Mater. Struct., 38, pp. 91-103. DOI: 10.1111/ffe.12221.

[7] Malikova, L., Vesely, V. (2017). Influence of the elastic mismatch on crack propagation in a silicate-based composite,
Theot. Appl. Fract. Mech., 91, pp. 25-30. DOL: 10.1016/j.tafmec.2017.03.004.

[8] Vesely, V., Frantik, P., Sobek, J., Malikova (gestékové), L., Seitl, S. (2014). Multi-parameter crack tip stress state
description for estimation of nonlinear zone width in silicate composite specimens in component splitting/bending
test geometry, Fatigue Fract. Engng. Mater. Struct., 7(25), pp. 69-78. DOI: 10.1111/ffe.12170.

[9] Smith, D. J., Ayatollahi, M. R., Pavier, M. J. (2001). The role of T-stress in brittle fracture for linear elastic materials
under mixed-mode loading, Fatigue Fract. Engng Mater. Struct., 24(2), pp. 137-150.

DOI: 10.1046/j.1460-2695.2001.00377 x.

[10] Hou, C., Z. Wang, Liang, W., Li, J. (2016). Determination of fracture parameters in center cracked circular discs of
concrete under diametral loading: A numerical analysis and experimental results. Theor. Appl. Fract. Mech., 85,
pp. 355-366. DOI: 10.1016/j.tafmec.2016.04.006.

[11] Provis, J.L., van Deventer , J.S. (eds) (2014). Alkali activated materials: state-of-the-art report, RILEM TC 224-AAM.
Dordrecht: Springer.

[12] Shi, C., Krivenko, P. V., Roy, D. (20006). Alkali-Activated Cements and Concretes. Oxon: Taylor & Francis.

[13] Shi, C., Day, R. L. (1996). Some factors affecting early hydration characteristics of alkali-slag cements, Cement Concrete
Res., 26 (3), pp. 439—-447. DOI: 10.1016/S0008-8846(96)85031-9.

[14] Ayatollahi, M.R, Nejati, M. (2010). An over-deterministic method for calculation of coefficients of crack tip asymptotic
field from finite element analysis, Fatigue Fract. Engng Mater. Struct., 34, pp. 159-176.

DOLI: 10.1111/}.1460-2695.2010.01504 x.

[15] Sestakova, L. (2013). How to enhance efficiency and accuracy of the over-deterministic method used for determination
of the coefficients of the higher-order terms in Williams expansion, Appl. Mech. Mater., 245, pp. 120-125.

DOI: 10.4028 /www.scientific.net/ AMM.245.120.

[16] Karihaloo, B.L., Xiao, Q. Z. (2001). Accurate determination of the coefficients of elastic crack tip asymptotic field by
a hybrid crack element with p-adaptivity, Engng. Fract. Mech., 68(15), pp. 1609-1630.

DOLI: 10.1016/50013-7944(01)00063-7

[17] Tong, P., Pian, T. H. H., Lasry, S. J. (1973). A hybrid-element approach to crack problems in plane elasticity, Int. J.
Numet. Methods Eng., 7(3), pp. 297-308. DOI: 10.1002/nme.1620070307

[18] Xiao, Q. Z., Karihaloo, B. L., Liu, X. Y. (2004). Direct determination of SIF and higher order terms of mixed mode
cracks by a hybrid crack element, Int. J. Fract., 125(3), pp. 207-225. DOI: 10.1023/B:FRAC.0000022229.54422.13.

[19] Qian, J., Fatemi, A. (1996). Mixed mode fatigue crack growth: a literature survey, Engng. Fract. Mech., 55(6), pp. 969—
990. DOI: 10.1016/S0013-7944(96)00071-9.

[20] Etrdogan, F., Sih, G.C. (1963). On the crack extension in plates under plane loading and transverse shear, J. Basic
Engng., 85, pp. 519-525. DOI:10.1115/1.3656897.

[21] Wolfram Mathematica Documentation Center. Wolfram Research, Inc., Champaign (2018).

[22] Sih, G.C. (1973). Some basic problems in fracture mechanics and new concepts, Engng. Fract. Mech., 5, pp. 365-377.

[23] Sih, G.C. (1974). Strain energy density factor applied to mixed mode crack problems, Int. J. Fract. Mech., 10, pp. 305—
321.

[24] Seweryn, A., Lukaszewicz, A. (2002). Verification of brittle fracture criteria for elements with V-shaped notches, Engng.
Fract. Mech., 69, pp. 1487-1510. DOTI: 10.1016/S0013-7944(01)00138-2.

[25] Sih, G.C., Ho, J.W. (1991). Sharp notch fracture strength characterized by critical energy density, J. Theor. Appl. Fract.
Mech., 16, pp. 179-214. DOI: 10.1016/0167-8442(91)90044-K.

[26] Susmel, L., Taylor, D. (2008). The theory of critical distances to predict static strength of notched brittle components
subjected to mixed-mode loading, Engng. Fract. Mech., 75, pp. 534-550. DOI: 10.1016/j.engfracmech.2007.03.035

[27] Fakhri, M., Amoosoltani, E., Aliha, M.R.M. (2017). Crack behavior analysis of roller compacted concrete mixtures
containing reclaimed asphalt pavement and crumb rubber, Engng. Fract. Mech., 180, pp. 43-59.

DOLI: 10.1016/j.engfracmech.2017.05.011.

[28] ANSYS Program Documentation (2019). User’s manual version 19.0. Swanson Analysis System, Inc., Houston.

[29] Matvienko, Y.G., Semenova, M.M. (2015). The concept of the average stress in the Fracture Process Zone for the
search of the crack path. Fratt. Int. Strutt., 34, pp. 276-281. DOI: 10.3221/IGF-ESIS.34.29.

[30] Torabi, A.R. (2012). Estimation of tensile load-bearing capacity of ductile metallic materials weakened by a V-notch:
The equivalent matetial concept. Mat. Sci. Engng., A 536, pp.249—-255. DOI: 10.1016/j.msea.2012.01.007.

73




<<
  /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


