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ABSTRACT. Ultrasonic fatigue tests are carried out under the modality of three
point bending on the granite stone. The testing specimens present a prismatic
shape with the dimensions: 12 x 3 x 0.8 centimeters, in order to be supported
by its two ends, and to configure the three point bending modality. Granite
specimens are supported on an acrylic structure destined to fix and immobilize
the specimens. Vibrating load is applied at the center of testing specimens by
a self-designed and fabricated aluminum alloy awl, whose dimensions have
been obtained by modal numerical analysis to fit the resonance condition,
necessary for the ultrasonic fatigue tests.

Experimental results are obtained at room temperature and humidity between
65 and 75%. The fatigue endurance is determined on the granite under this
modality of loading, and the fracture surfaces are analyzed to identify the
principal trends related to crack initiation and propagation on this material.
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INTRODUCTION

ranite stone has been studied insensibly under compression loading in the last decades [1-6]; nevertheless, few

studies have been devoted under tension or bending condition [7-10]. Granite stone profiles are commonly used

as structural elements for the house interiors and can undergo tension and bending loading during normal use or
under geological phenomena, such as earthquakes [11-14].
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In this work ultrasonic fatigue tests on the granite stone under three point bending are carried out. Prismatic granite
specimens with the dimensions: 12 x 3 x 0.8 centimeters were manufactured and its ends were supported on a self-
constructed acrylic structure to configure the three point bending loading. A self-designed and manufactured aluminum awl,
which vibrates under resonance with the ultrasonic machine, was applied at the center of specimen [15]. The initial pressure
of the awl at the center of granite specimens is a key experimental parameter for the ultrasonic endurance results under this
modality of loading. All tests were carried out at room temperature (20 - 22°C), and with an environmental humidity between
65 and 75%. In addition, thermography piectures were taken during experimental testing to register the temperature
evolution of the specimen.

EXPERIMENTAL CAMPAIGN

Ultrasonic fatigne tests
he dimensions (mm) of the granite specimens are shown in Fig. 1(a), whereas the self-designed and manufactured
acrylic structure destined to fix and attach the testing specimens is presented in Fig. 1(b). The acrylic structure allows
transmitting motion to the granite specimen with the aid of an endless screw.

IA LI
[ 120 >

@ (b)

Figure 1: (a) Dimension (mm) of granite specimen, (b) Self designed and constructed acrylic structure to support the specimen.

The self-designed awl used to apply the vibrating load to the granite prism was manufactured from the aluminum alloy AISI
7075-T6. The resonance condition with the ultrasonic machine was achieved by modal finite element analysis, using the
Block Lanczos extraction method and the 20NODE Solid 95 element, in Ansys 16.2 software. As shown in Fig. 2(a): the
natural frequency of vibration along the awl is 20060 Hz, a value very close to the ultrasonic vibration of the source: 20000
Hz. In Fig. 2(b) is illustrated the attachment of the awl to the ultrasonic fatigue machine, and the granite specimen supported
by the acrylic structure (a thicker specimen used for calibration before the experimental tests).

Figure 2: (a) Modal analysis for the natural frequency of the awl, (b) Awl attached to ultrasonic machine and image of the specimen.
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An initial pressure was applied to the granite specimens before performing the ultrasonic fatigue tests in order to keep the
contact between the awl and the specimen surface when the ultrasonic vibration was applied. The initial applied pressure,
Fig. 3(a), was fixed to 9.5 MPa approximately (corresponding to 20 um of flexion at the contact line between the awl and
the specimen sutface), for all the experimental tests. The pressure is deduced by numerical analysis: imposing a displacement
at the center of the clamped granite specimen and obtaining the corresponding stress. The displacement was measured
physically by a laser proximity sensor with the precision of £ 1.5 pum. Three amplitudes of ultrasonic vibration from the
initial pressure with fully reversed stress (R= -1), are imposed on the granite specimens: 13, 18 and 20 pm. Fig. 3(b) presents
the temperature distribution taken by thermographic camera at the beginning of ultrasonic tests under three point bending.

Environmental temperature was between 20 and 23° C; whereas the highest temperature at the end of test attained 65 — 70°
C.
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Figure 3: (a) Initial pressure applied by the awl to the center of specimen, before ultrasonic tests, (b) Temperature recorded by
thermographic camera at the beginning of ultrasonic tests.

Fatigue behavior results were obtained for the granite specimens based on the experimental tests. Fig. 4 shows the
experimental results with fully reversed stress and 20 pm of ultrasonic vibration (each dot in the graph represents the average
of three experimental tests), where the vertical axis is the maximum stress applied at the center of granite specimen and the
horizontal axis is the number of cycles of fatigue life.
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Figure 4: Ultrasonic fatigue endurance of granite stone under three point bending.

In Fig. 5, the temperature variation of a granite prism specimen during ultrasonic testing at high load level is shown (close
to 19 MPa, Fig. 4).
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Figure 5: (a) Temperature before ultrasonic testing, (b) after 2 seconds of ultrasonic test, (c) after 4 seconds of ultrasonic test, (d) at
fracture of granite specimen (after 15 seconds, approximately).

Temperature during ultrasonic fatigue tests seems to be concentrated for the first seconds at the center of specimen (where
the awl is applied) and at the specimen extremes, Fig. 5(b) and 5(c); afterwards, it is uniformed along the specimen with
higher values at the extremes just before fracture, as shown in Fig. 5(d).

About the crack behavior under this modality of loading, in Fig. 6(a) and 6(b) the fracture surfaces are illustrated for the
lower (15.5 MPa) and higher (19 MPa) loading, respectively.

Crack initiation site

@ ()

Figure 6: (a) Fracture surfaces for lower loading (15.5 MPa), (b) Fracture surfaces for higher loading (19 MPa)

The range of load reported in Fig. 4 was not wide: from 15.5 MPa approximately to 19 MPa; nevertheless, a clear fatigue
endurance tendency is observed from the average experimental points in Fig. 4. Furthermore, the fracture surfaces were
different for these two loading level, as shown in Figs. 6(a) and 6(b). For the lower applied load, Fig. 6(a), a quasi-flat fracture
surface was observed; whereas for the higher applied load, Fig. 6(b), the fracture surface was irregular, particularly at the
applied load zone. In both cases, the crack initiated at the contact zone between the awl and the surface of specimen and
propagated firstly along the contact surface and afterwards, across the thickness of the specimen, from the top surface to
the bottom surface. The time from crack initiation to crack propagation and failure was close to 15 seconds for the lower
applied load (15.5 MPa); whereas this time was reduced to 4 seconds approximately for the higher applied load (19 MPa).

Acoustic Emission (AE) technigue
Crack initiation and propagation in granite is an energy absorption process and an energy dissipation process that may be
monitored by thermal and/or acoustic emission (AE), techniques [16-20]. From theotretical point of view, the fundamental

equation that govern time to failure for uniaxial tensile in material is [21] :
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T= 1, exp[(UU - yo)/kT] )

where: T is the time to failure, To is the period of the natural oscillation of atoms in the solid, Uy is the binding energy on the
atomic scale, ¥ is a parameter proportional to the disorientation of the molecular structure, k is the Boltzmann’s constant,
and T the absolute temperature. This equation has been validated for a wide variety of materials such as metals, alloys, non-
metallic crystals, and polymers; nevertheless, when the time to failure is large enough, this equation ignores the reforming
of atomic bonds and is not valid [22].

Quasi-brittle materials, including rocks, may fail under subcritical loading [23, 24]. Granite is characterized as coarser-grained
crystalline rocks, which fatigue repeatability under three point bending tensile tests is characterized by random variation
[25, 20]; nevertheless, ultrasonic fatigue endurance obtained in this paper for the tested granite specimens shows a typical
evolution in the S-N graph, as illustrated in Fig. 4. The repeatability on ultrasonic fatigue results here reported may be
associated with the concentrated applied load at the center of the specimen, under this modality of very high frequency and
low amplitude loading. The fracture of testing specimen quasi perpendicular to its length, Fig. 6, would be related to such
repeatability too.

In order to correlate the temperature variation during testing with the crack initiation and propagation, acoustic emission
(AE), tests were catried out. The PAC system 18-bit A/D from MISTRAS Group, with 1kHz - 3MHz of scanning frequency
was used for this purpose. The calibration for the acoustic emission tests was obtained following a procedure reported in
ref. [27].

In Fig. 7 the frequency of elastic shocks recorded by AE (events rate/second) is plotted in the vertical axis against the time
of ultrasonic fatigue test, in the horizontal axis. The results shown in this figure correspond to the lower applied load of
15.5 MPa with a testing time of approximately 16 seconds.
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Figure 7: Frequency of elastic shock against time of ultrasonic fatigue life of approximately 16 sec.

Four stages are clearly distinguished during ultrasonic fatigue testing: the first stage, named phase 1, is characterized by a
noticeably increase of AE immediately after applying the load; the second stage is related to the gradually reduction of event
rate (phase II). The third stage (phase I1I), which begins roughly at half of fatigue life, shows an exponential increase of the
event rate, whereas in the last stage (phase 1V), an import increase of event rate is observed before fracture. The four
described stages during ultrasonic fatigue testing are related to the stages of the temperature on the granite specimen,
recorded by the thermographic camera. Temperatute increases rapidly at the first stage (phase I of AE), following by a quasi-
steady state of temperature during the second stage (phase II of AE), and an increase of temperature during the third and
fourth stages (phase I1I and phase IV of AE). Acoustic and thermographic analysis simultaneously may be used to predict

the fatigue life of testing specimens [28].
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This paper is a first attempt of the authors to investigate the relationship between the energy registered by acoustic

emission and by thermographic technology [29, 30], related to fatigue behavior under ultrasonic fatigue testing.
Further investigation in this field are expected in the next future.

CONCLUSIONS

he following conclusions may be drawn from the present work:
e Ultrasonic fatigue tests are catried out on the granite rock, under the three point bending;

e Ultrasonic loading is applied by an aluminum awl, which is calculated by finite element method to fit the resonance
condition;
e Higher temperature is observed by thermographic images at fracture;
e Ultrasonic fatigue endurance of this granite prism follows the S-N curve in the narrow range of applied load: 15.5 to 19
MPa;

e Fracture surfaces are perpendicular to the axe of specimens and present higher irregularities when the applied load
increases;

e Acoustic emission techniques are used to register the events during the ultrasonic fatigue tests on the granite, showing
that four stages (phases) are present along the time of testing;

e Acoustic emission and thermographic technology may be used to investigate the endurance under ultrasonic fatigue
testing.

ACKNOWLEDGEMENTS

Technology, Mexico), for the financial support destined to this study by the program grant: CB- 241117- 2014. An
additional mention of gratitude to the University of Michoacian in Mexico, for the received support in the
development of this work.

T he authors express their special mention of gratitude to CONACYT (The National Council for Science and

REFERENCES

[1] Li, H.B., Zhao, J., Li, T.J. (1999). Triaxial compression tests of a granite at different strain rates and confining pressures,
Int. J. of Rocks Mech. and Min. Sci., 36(8), pp 1057-1063. DOI: 10.1016/S1365-1609(99)00120-3.

[2] Zhou, T., Dong, S. L., Zhao, G. F., Zhang, R., Wu, S. Y., Zhu, J. B. (2018). An experimental study of fatigue behavior
of granite under low-cycle repetitive compressive impacts, Rock Mech. and Rock Eng., 51(10), pp. 3157-3166.
DOI: 10.1007/s00603-018-1515-0.

[3] Basu, A., Mishra, D.A., Roychowdhury, K. (2013). Rock failure modes under uniaxial compression, Brazilian, and point
load tests, Bull. of Eng. Geol. and the Env., 72(3-4), pp. 457-475. DOI: 10.1007/s10064-013-0505-4.

[4] Oda, M., Katsube, T., Takemura, T. (2002). Microcrack evolution and brittle failure of Inada granite in triaxial
compression tests at 140 MPa, J. of Geoph. Res., 107(B10), pp. ECV 9 1-17. DOTI: 10.1029/2001JB000272.

[5] Zhao, J., Li, H.B., Wu, M.B., Li, T'J. (1999). Dynamic uniaxial compression tests on a granite, Int. J. of Rocks Mech.
and Min. Sci., 36(2), pp. 273-277. DOTI: 10.1016/S0148-9062(99)00008-X.

[6] Li, H.B., Zhao, J., Li, T.J. (2000). Micromechanical modelling of the mechanical properties of a granite under dynamic
uniaxial compressive loads, Int. ]. of Rocks Mech. and Mining Sci., 37(6), pp. 923-935.
DOI: 10.1016/S1365-1609(00)00025-3.

[7] Sun, J., Hu, Y.Y. (1997). Time-dependent effects on the tensile strength of saturated granite at Three Gorges Project in
China, Int. J. of Rocks Mech. and Min. Sci., 34(3-4), pp. 306.e1-306.¢13, DOI: 10.1016/S1365-1609(97)00222-0.

[8] Noor-E-Khuda, S., Albermani, F., Veidt, M. (2017). Flexural strength of weathered granites: Influence of freeze and
thaw cycles, Const. and Build. Materials, 156, pp. 891-901. DOI: 10.1016/j.conbuildmat.2017.09.049.

[9] Dai, F., Xia, K. (2010). Loading rate dependence of tensile strength anisotropy of barre granite, Pure and Appl.
Geophysics, 167(11), pp. 1419-1432. DOI: 10.1007/500024-010-0103-3}.




¢
(s
D. Alexiane et alii, Frattura ed Integrita Strutturale, 48 (2019) 70-76; DOIL: 10.3221/IGF-ESIS.48.09 (l

[10] Mpalaskas, A.C., Matikas, T.E., Van Hemelrijck, D., Papakitsos, G.S., Aggelis, D.G. (2016). Acoustic emission
monitoring of granite under bending and shear loading, Archiv. of Civil and Mech. Eng., 16(3), pp. 313-324.

DOI: 10.1016/j.acme.2016.01.006.

[11] Tarasov, R.G., Randolph, M.F. (2011). Superbrittleness of rocks and earthquake activity, Int. J. of Rocks Mech. and
Min. Sci., 48(6), pp. 888-898. DOI: 10.1016/j.ijrmms.2011.06.013.

[12] Friedemann, T.F. (2003). Rocks that crackle and sparkle and glow: strange pre-earthquake phenomena, J. of Scient.
Explor., 17(1), pp. 37-71.

[13] Savage, H.M., Marone, Ch. (2008). Potential for earthquake triggering from transient deformations, J. of Geophy.
Research, 113, pp. B05302 1-15. DOI: 10.1029/2007]B005277.

[14] Reches. Z., Dewers, T.A. (2005). Gouge formation by dynamic pulverization during earthquake rupture, Earth. and
Planetary Sci. Lett., 235(1-2), pp. 361-374, DOI: 10.1016/j.eps1.2005.04.009.

[15] Dominguez Almaraz, G.M., Hernandez Sanchez, R., Gutiérrez Martinez, A., Correa Gémez, E., Verduzco Judrez, J.C.,
Lopez Garza V. (2017) Ultrasonic fatigue tests on the nafion proton exchange membrane, under the modality of three
points bending, Proc. Struc. Integ., 3, pp. 571-578. DOI: 10.1016/j.prostr.2017.04.021.

[16] Chen, G., Wang, J., Li, W., Li, T. (2018), Influence of temperature on crack initiation and propagation in granite. Int. J.
of Geomech., 18(8), pp. 04018094-1 - 04018094-15. DOTI: 10.1061/(ASCE)GM.1943-5622.0001182.

[17] Zhu, D, Jin, H., Yin, Q., Han, G. (2018). Experimental study on the damage of granite by acoustic emission after cyclic
heating and cooling with circulating water, Processes, 6, (0101), pp. 1-20. DOI: 10.3390/pt6080101.

[18] Ge, Z., Sun, Q. (2018). Acoustic emission (AE) characteristics of granite after heating and cooling cycles. Eng. Fract.
Mech., 200, pp. 418-429. DOI: 10.1016/j.engfracmech.2018.08.011.

[19] Zang, F., Wagner, F.Ch., Stanchits, S., Dresen. G., Andresen, R., Haidekker, M.A. (1998). Source analysis of acoustic
emissions in Aue granite cores under symmetric and asymmetric compressive loads. Geoph. J. Int., 135(3), pp. 1113-
1130. DOT: 10.1046/1.1365-246X.1998.00706.x.

[20] Mpalaskas, A.C., Matikas, T.E., Van Hemelrijck, D., Papakitsos, G.S., Aggelis, D.G. (2016). Acoustic emission
monitoring of granite under bending and shear loading, Arch. Of Civil and Mech. Eng., 16, pp. 313-324.

DOI: 0.1016/j.acme.2016.01.006.

[21] Zhurkov, S.N. (1984). Kinetic concept of the strength of solids, Int. J. of Fracture, 26(4), pp. 295-307.
DOI: 10.1007/BF00962961.

[22] Le, J.-L-, Bazant, Z.P., Bazant, M.Z. (2011). Unified nano-mechanics based probabilistic theory of quasibrittle and brittle
structures: 1. Strength, static crack growth, lifetime and scaling, J. of Mech. and Phys. of Solids, 59(7), pp. 1291-1321.
DOI: 10.1016/}.jmps.2011.03.002.

[23] Marji, M.F., Pashapour, A., Gholamnejad, J. (2011). Relationship between fracture dip angle, aperture and fluid flow in
the fractured rock masses, J. of Mining and Env., 2(2), pp. 136-145. DOI: 10.22044/jme.2012.65.

[24] Anders, M.H., Laubach, S.E., Scholz, Ch.H. (2014). Microfractures: A review, J. of Struct. Geol., 69(Part B), pp. 377-
394. DOLI: 10.1016/j.js.2014.05.011.

[25] Fernau, H.C, Lu, G., Bunger, A.P., Prioul, R.: Aidagulov, G. (2016). Load-rate dependence of rock tensile strength
testing: experimental evidence and implications of kinetic fracture theory. In: Proceedings 50th U.S. rock mechanics
symposium, Houston, TX, USA, (paper No. 16-369).

[26] Winner, Lu, G., Prioul, R., Aidagulov, G. (2018). Acoustic emission and kinetic fracture theory for time-dependent
breakage of granite, Eng. Fract. Mech., 199, pp. 101-113. DOI: 10.1016/j.engfracmech.2018.05.004.

[27] McLaskey, G.C., Lockner, D.A. (2016). Calibrated acoustic emission system records M -3.5 to M -8 events generated
on a saw-cut granite sample, Rocks Mech. and Rocks Eng., 49(11), pp. 4527-4536. DOI: 10.1007/s00603-016-1082-1.

[28] La Rosa, G., Clienti, C., Lo Sabio, F. (2014). Fatigue analysis by acoustic emission and thermogtaphic techniques, Proc.
Eng., 74, pp. 261-268- DOI: 10.1016/].proeng.2014.06.259.

[29] Goldammer, M., Sause, M.G.R., Rieger, D. (2016). Combined acoustic emission and thermographic testing of fibre
composites, 19thWorld Conference on Non-Destructive Testing 2016, 13 - 17 June 2016 in Munich, Germany, 8 pages.

[30] Aggelis, D., Kordatos, E., Matikas, T. (2011). Monitoring of metal fatigue damage using acoustic emission and
thermography, J. of Acous. Emis., 29, pp. 113-122. DOI: 10.1117/12.881021.

76




<<
  /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


