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Lightweight concrete is a building material with a density not exceeding 2000 kg/m’. Its structure is determined
by the structure of the used components and manufacturing methods. The advantages of these building materials are
their low density, good thermal insulation, frost resistance, high thermal resistance, ease of use of blocks, which is due
to their large size and low weight; also important is their wide range, which allows one to choose the optimal material
composition suitable for operating conditions.

In the production of lightweight concrete, pumice, along with binders, is one of the main components of its
composition. These minerals are frothy, have a low volumetric weight, high porosity and high toughness. All these
properties make them a valuable mineral raw material mainly used as additives for lightweight concretes and hydraulic
cements.

Pumice is abundant in Georgia (more than 35 million m®). The prospects for the use of these minerals are great,
so the study of their physical and chemical properties is relevant and obligatory.

Six pumice samples from four different locations in the Javakheti region of Georgia were studied. Chemical,
X-ray diffractometric, infrared spectroscopic, petrographic, and granulometric methods were used for investigations.
Chemical and mineralogical composition of the analyzed samples, peculiarities of their structure, as well as bulk and
compacted samples volume masses and their granulometric composition were determined.

The slags with the best properties will be recommended as additives for use in the production of lightweight
concrete.
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INTRODUCTION limited quantities. Currently, new varieties of
concrete have been obtained not yet used in
practice, although there is a prospect of their use
in the future [1, 2].

In the production of lightweight concrete,
pumice, along with binders, is one of the main
components of its composition.

Pumice, or porous volcanic glass, is formed
during a volcanic eruption in conditions of strong
lava boiling. These minerals are frothy, have a
low volumetric weight, high porosity and high
toughness. All these properties make them a
valuable raw material, mainly used as additives
for lightweight concretes and hydraulic cements.

Pumice reserves in Georgia exceed 35 million
cubic meters [3], so the prospects for their use are
very high. Pumice is a variety of acidic volcanic,
magmatic rocks formed by volcanic eruptions in
the upper layers of acidic lavas, during boiling
[4, 5] and differing from each other in the content
of silicon in minerals as well as in structural and

Lightweight concrete is a building material
with a density not exceeding 2000 kg/m’®. Its
structure is determined by the structure of the used
components and manufacturing methods. The
advantages of these building materials are their
low density, good thermal insulation, frost
resistance, high thermal resistance, ease of use of
blocks, which is due to their large size and low
weight; also important is their wide range, which
allows one to choose the optimal material
composition suitable for operating conditions.

Lightweight concrete is made of porous
aggregates. Attention is drawn to their high
thermal resistance. Various types of porous
lightweight concretes which are used in bearing
structures, as well as in bearing structures that
also perform the function of a thermal insulator
are known today. Of the many types of concrete,
some are widely used and some are used in
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textural features. There are fibrous, vesicular,
frothy and cellular pumice textures. Their
structure may be finely-porous or coarsely-
porous. The average porosity is 80 %, the density
is 2-2.5 g/cm’, the hardness according the Mohs
scale is 5-5.6. The volume weight is
0.3-0.9 g/cm’. Pumice is chemically inert and
begins to soften at 1300-1400 °C [6].

Due to the high porosity, pumice is good
thermal insulator, and a large number of closed
pores ensure its good frost resistance. Pumice
from different deposits has different textures. For
its practical use, the size of the pores and the
nature of the glassy substances included in its
composition are of great importance. According
to the SiO, content, pumice igneous rocks are
divided into acidic igneous (content of SiO, is
more than 65 %), medium igneous (content of
SiO, — 65-54 %), basic igneous (content of SiO»
—52-45 %) and ultra-basic igneous rocks (content
of Si0; — below 45 %) [7]. The minerals that form
such igneous rocks in most cases are quartz,
feldspar and mica. Amphibole, plagioclase,
monoclinic and rhombic pyroxenes can also be
found in pumice as crystalline inclusions. Pumice
is mainly used as lightweight aggregates for
concretes, as well as a hydraulic additive to
cements and lime [8-10, 1, 2].

Due to the heterogeneous composition of
pumice, lightweight concrete as a building
material has not been scientifically studied. The
composition of such materials is not regulated at
the level of state standards due to their different
properties and composition. There are only
recommendations - manufacturers independently
determine the percentages of components, which
do not correspond to the real results and do not
reflect the real picture.

The work aims to investigate the composition
and structure of pumice from different regions of
Georgia and to study their influence on
lightweight concrete’s physical and chemical
properties.

MATERIALS AND METHODS

Six samples of four different locations of
Javakheti region of Georgia were studied:
e two samples of Khulgumo location of
Ninotsminda Municipality - gray and reddish;
e onc sample of Paravani location of
Ninotsminda Municipality - reddish;
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e two samples of Okami location of Akhalkalaki
Municipality - gray and reddish;

e one sample of Modegham location of Borjomi
Municipality — gray;

Chemical, X-ray diffraction, IR-spectro-
scopic, petrographic and granulometric analysis
methods were used for the study.

X-ray diffraction analysis was carried out on
a Dron-4 device (Russia). The X-ray
diffractometer was connected to a personal
computer via the USB port multimeter AX-18B,
which allows the processing of experimental data
in Excel format;

Infrared spectrometric analysis was carried
out on an Agilent Cary 630 FTIR Spectrometer in
the range of 350-5000 cm™' (USA);

Chemical analysis was carried out on a
Spectroscout XEP-04 (Germany).

RESULTS AND DISCUSSION

The results of Chemical Analysis of Pumice
Samples. The results of the chemical analysis of
the studied pumice samples are presented in
Table 1. In terms of SiO, content, the samples
have a medium acidic environment. It should be
noted that they contain large amounts of iron,
magnesium and calcium.

The results of petrographic analysis.
Petrographic analysis of the samples showed that
the gray sample of the Khulgumo location is a
porous rock in the main amorphous mass of which
the smallest plagioclase grains [9] (albite —
Na[AlSi305] and anorthite — Ca [Al>Si,0z]) with
pore size more than 2 mm are observed. The red
Khulgumo sample is a hard porous rock with a
pore size of 1-2 mm. Plagioclase grains (albite —
Na[AlSi30s] and anorthite — Ca [Al:Si,Os]) are
mainly observed in the amorphous mass. The rock
pores are filled with zeolite
Miyn[AlxSiyOrx+y) ' pH20 by rather large porphyry
grains over 1 mm in size. In some places, reddish-
brown iron rust are observed [1].

The red sample of Paravani locality is also a
hard porous rock the main mass of which is
amorphous and has a reddish hue under the
influence of iron rust. The smallest grains of
plagioclase — Na [AISi3Og] and Ca [AL,Si,0s]) —
are occasionally observed in the mass. Relatively
large porphyry grains of pyroxene CaMg(Si2O¢)
or CaFe(S,0s), plagioclase — [Na(AlSi;Os] and
amphibole — Cax(Mg,Fe)s{SisO11}2{OH}, — over
1.5 mm in size are often found in the rock [1, 4].
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The gray-colored sample of the Okami
locality is a highly porous rock, the size of which
is so large that most of the hewn sample (more
than 80 %) falls on a porous area. The main
amorphous mass is black, grayish areas are found
in it (reddish are less common). No small
plagioclase grains were observed here, which
distinguishes this sample from other samples
studied. Large porphyry segments of plagioclase

Table 1. Chemical Analysis of Pumice Samples, %

larger than 2 mm are often found in the rock. The
red porous rock of the same locality also has large
pores. The main amorphous mass is black, reddish
areas are found in it. Here, as in the black samples
of the same locality, there are no small plagioclase
grains. Instead, the rock contains large
plagioclase porphyry grains over 3 mm in size

(Fig. 1).

Material Loss

name, when Si02 AlLO3 Fe:03; CaO MgO MnO NaxO KO SOs; Total
Quarry heated

Grey pumice, 136 59.75 1688 6.5 627 348 002 3.14 1.8 000 99.20
Khulgumo

Red pumice, ~ 0.82 5838 1688 7.1 646 398 000 351 190 0.00 99.06
Khulgumo

Red pumice, 1.83 5886 17.00 6.3 607 3.66 001 333 222 001 99.33
Paravani

Greypumice, 3¢5 5525 1558 94 671 420 001 255 135 001 98.94
Okami

Red pumice, 084 5386 17.07 93 748 394 005 387 156 0.10 98.04
Okami

Greypumice, g1 5578 1504 94 704 372 005 291 150 001 98.16
Modegham

Fig. 1.

Petrographic section of pumice of the: a — Khulgumo location grey pumice; » — Khulgumo location red pumice;

¢ —Paravani location red pumice; d — Okami location red pumice; e — Okami location gray pumice; f— Modegham

location grey pumice

The gray porous sample of Modeghami
location is constructed from highly chlorinated
(Mg, Fe)AI(AlS13010)(OH)s volcanic glass. Small
grains of plagioclase and porphyry segments of
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the same mineral are developed in the main
amorphous mass. Plagioclase is rarely observed in
the amorphous mass. Thus, the mineralogical
composition of the examined samples is similar,
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although there are differences as well.
Interestingly, the porosity of the samples is
significantly different from each other, so the
pumice studied has a wide range of applications
depending on what properties of the concrete we
want to obtain.

The results of both X-ray diffractometric
analysis and IR-spectroscopy. X-ray diffraction
analysis (XRD analysis) of pumice samples was
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performed for structural as well as mineralogical
studies (Fig. 2). XRD analysis showed that all
pumice samples contained a large amount of
amorphous phase, quartz (SiO,); both types of
feldspar — potassium-sodium-containing (alkaline)
and sodium-calcium- containing (so-called
plagioclase subgroup) were observed in all
samples. In small amount samples also contained
mica.
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Fig. 2. X-ray Diffractograms of pumice samples (with cobalt tube)
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Fig. 3. X-ray Diffractograms of pumice samples

X-ray fluorescence analysis was performed to
detect iron atoms in the crystallographic plane.
During the experiment, the solid content of iron
nanoparticles in pumice samples was found, as
well as the presence of strontium nanoparticles in
all samples, which was not detected by chemical
analysis (Figs. 2, 3).

IR-spectral analysis was performed in the
middle and far regions of IR-spectrum
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(350-5007 cm™). Table 2 shows the IR-spectra of
the test samples. Studies have shown that pumice
is a mixture of silicates and aluminosilicates of
various structures [11, 12]. Both amorphous and
layered silicates and aluminosilicates are present
here [12]. In addition, there are quite large
amounts of iron, magnesium, calcium, sodium
and potassium cations in the samples [2], so the
spectra are very diverse.
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Table 2. Vibrational assignment of the IR-spectrum of studied samples

Pumice samples

Vibrational Grey Red Red Grey . Grey
assignment i ; . . Red pumice, .
pumice, pumice, pumice, pumice, Okami pumice,
Khulgumo Khulgumo Paravani Okami Modegham
6 Si—0, 8 Si—0—Si 465, — 431,470 441, 466 402, 465 433, 468 410, 466
Mg-O-Si, Fe-O-Si, 543, 580, 541, 582, 543, 570, 537,577, 541, 582, 541, 574,
Na-O-Si, 629 632 627 - 630 -
3 Si-0, 4 O-Si-0
v Si—0—Si 779 789 778 745 770 -
v Si-O, v Si-O-Si(Al) 1028, 1089 1037, 1045, 1077 1035 1018, 1043, 1095
1094 1093
8 H—O0—H 1647 1651 1637 1654 1654 1651
v OH™ 3503 3501 3526 3503 3502 3538
Table 3. Physical characteristics of porous materials
Material name, Moisture. % Bulk mass Tlght;::les(: bulk Strength, MPa
Quarry 70 kg/m? ke/m? 28 days later 90 days later
Grey pumice, 1.4 1077 1232 2631 33.32
Khulgumo
Red pumice, 22 993 1182 21.05 24.96
Khulgumo
Red pumice, 27 1078 1233 14.03 17.96
Paravani
Grey pumice, Okami 9.0 590 723 5.77 8.87
Red pumice, Okami 2.1 775 937 10.66 13.66
Grey pumice,
Modegham 3.7 765 902 8.16 13.18
It should be noted that the vibrational CONCLUSION
frequency of the Si-O-Me bond of Mg- and During the study, it was found that the tested
Fe-substituted pumice coincide in the range of . . e
pumice samples have a medium acidity

530-630 cm™' [2, 12], so it is difficult to assign
particular bands in this region. Here, the band
frequencies and their intensities vary depending
on the content of two- and trivalent iron cations
[11]. It should be noted that the overall picture of
the spectrum of all investigated samples is similar,
although the band intensities and frequencies are
different due to different chemical and
mineralogical composition of the minerals, which
is caused by the different amounts of cations
contained in the minerals.

The granulometric composition of the studied
porous materials as well as the moisture, density
and bulk mass were determined. The results are
presented in the Table 3.
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environment (content of SiO, is 54-65 %),
although they differ both in chemical and
mineralogical composition and in pore size. Both
their bulk and compacted volume weight are
different.

The pumice samples studied differ in both
chemical composition and porosity. This can be
clearly seen both by the results of research by
physical and chemical methods, and by the results
of geological and mechanical studies.

Of particular interest are pumices with low
density and volume mass (from Okami and
Modegami deposits). Lightweight concrete made
from these pumices are characterized by good
thermal and noise insulation. Concretes made
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from Hulgumo and Farawani pumice are The experiment showed that according to its
characterized by relatively high strength. results, it is possible to select and recommend

The diverse composition of metal cations porous materials of different composition and
makes the pumice surface active enough to react volume to obtain structural lightweight concretes
with binders, and this helps to increase the of appropriate strength and weight.

compaction of lightweight concrete.

IlepcnexTnBHM BUKOpUCTaHHSA neM3H 3 I'pysii B 1erkux 6eTtonax

I'.II. Huaukananse, T.H. Kopazaxia, T.B. lapameninze, M.I'. 3ayramsiani,
I''M. Bepinze, B.M. I'a0ynis, I.P. IxaBaximsini

Incmumym @hizuunoi ma opeaniunoi ximii imeni Ilempa Menikiwesini
Toinicbroeo oepaicasrozo yHisepcumemy imeni leana /icasaxiwsini
syn. A. [lonimkoecwkoi, Toinici, 310186, I pysia, giorgi.tsintskaladze@tsu.ge
Teonociunuii incmumym imeni Onexcanopa /[icaneniose, kageopa nemponozii, minepanozii ma aimonozii
Toinicokuti deparcagruti yuigepcumem imeri Ieane /ocasaxiugini
syn. A. Ilonimkoscwkoi, 31, Toinici, 0186, I pysis (Caxapmeeno), giorgi.beridzegeolinst@gmail.com

Jleaxuii 6emon — 6Gydisenvuuii mamepian, 2ycmuna sxozo me nepeguwye 2000 xke/m’. Hozo cmpyxmypa
BUBHAYUAEMBCA  CIMPYKIMYPOIO BUKOPUCIMOBYBAHUX KOMNOHEHmMi8 i Mmemooamu euzomosnenus. Ilepesazamu yux
b6yomamepianie € iXHA HU3LKA 2YCMUHA, XOpOwla Menioi3onAyia, MOpPO30CMIlKICMb, GUCOKA MePMOCMIUKICMb,
3PYUHICMb UKOPUCMAHHS ONOKIB, WO 0OYMOGIEHO IXHIMU BEUKUMU POSMIPAMU | MAI0I0 8A2010; MAKOIC BANCTUBUL
IXHITl wWupoKull acopmumenm, wo 0036015€ NIOIOpamu ONMUMALLHUL CKIA0 Mamepiany, GIONOGIOHUL YMOBAM
excnayamayii. Y 6upooruymei ieckozo bemouy nemsa, nopso iz 8 Sjcyyumu, € OOHUM 3 OCHOBHUX KOMNOHEHMIE 11020
cknady. Lfi minepanu ninucmi, maroms many o00’€MHY 6azy, GUCOKY NOPUCHMICMb [ 8UCOKY 8'si3kicmb. Yci yi
81ACMUBOCMI PoOIAMb iX YIHHOIO MIHEPATLHOIO CUPOBUHOIO, KA 8 OCHOBHOMY BUKOPUCMOBYEMBCS AK 000A6KU 015l
neakux bemonis i 2iopasniunux yemenmis. Illemsa nowupena 6 I pysii (nonao 35 man m®). Ilepcnexmueu suxopucmanms
Yux MiHepanie 6enuKi, Momy 8UGHEeHHs IXHIX (DI3UKO-XIMIYHUX 8lacmUBOcmell € akmyaibHum i 0008 a3xko8um. byno
BUBUEHO WIICMb 3pA3KI6 NeM3U 3 YOMUpboX pI3HUx micyv y pecioni [casaxemin 6 [pysii. /[na odocriodcens
BUKOPUCMOBYBANY  XIMIYHUL, DEeHMeeHI8CbKull  Ougpakmomempuynuil, iHpauep8oHUli  CHeKMpPOCKONIYHUI,
nempoepaghiunutl, cpanyromempudnull Memoou. Busnaueno ximiuHuu i MiHepano2iyHuii ckiao 00CaiOHCy8aHUX npoo,
ocobaueocmi ixHb0i OY008U, A MAKONHC 00 EMHY MACY CUNYYUX § YWITbHEHUX NPOb Ma iXHIl SPAHYTOMeMPUYHULL CKAAO.
LInaku 3 Havukpawumu eracmusocmsamu 06y0ymo peKoMeHO08aHi K 0006asKu 01 BUKOPUCTIAHHS Y GUPOOHUYMEI
JlecKux Oemonis.

Knrwouosi cnosa: eynxaniune ckio, nem3sa, iezkuil OemoH, nopucmi mamepianu

REFERENCES

1. Miicip Tapan, Zeynel Yalcin, Orhan Icelli, Hiisnii Kara, Salim Orak, Ali Ozvan, Tolga Depci Effect of physical,
chemical and electro-kinetic properties of pumice samples on radiation shielding properties of pumice material.
Ann. Nucl. Energy. 2014. 65. 290.

2. Keshelava B., Skhvitaridze R., Tsintskaladze G., Meskhi M., Eremadze N. Physico-chemical research of some
natural porous materials of Georgia. Scientific-Technical Journal Energy. 2017. 2(82). 110. [in Russian].

3. State Technical Publishing House of Georgia. Mineral resources of the USSR of Georgia. (Thbilisi, 1993). [in
Russian].

4.  Tutberidze B.D. Young volcanism in the eastern part of the Javakheti Plateau. (Tbilisi State University, 1990).
[in Russian].

512 ISSN 2079-1704. CPTS 2024. V. 15. N 4



Prospects for the use of pumice from Georgia in lightweight concretes

10.

11.

12.

Tutberidze B.D. Geology and petrology of Alpine late orogenic magmatism in the central part of the Caucasian
segment. Chapter: Volcanism of the Structure and Formation Zone of the Georgian Rock. (Tbilisi State
University, 2004). [in Russian].

Shoroog Alraddadi, Hasan Assaedi. Physical properties of mesoporous scoria and pumice volcanic rocks. J. Phys.
Commun. 2021. 5(11). 1.

Ersoy B., Sariisik A., Dikmen S., Sariisik G. Characterization of acidic pumice and determination of its
electrokinetic properties in water. J. Powder Technol. 2010. 197(1-2): 129.

Tavio P., Riadi H., Suriani E., Prianto K., Haqi F.I. The Mechanical Properties of Lightweight Concrete Made
with Lightweight Aggregate Volcanic Pumice. In: Proceedings of the Built Environment, Science and Technology
International Conference. (BEST ICON 2018).

Karthika R.B., Vidyapriya V., Nandhini Sri K.V., Merlin Grace Beaula K., Harini R., Mithra Sriram.
Experimental study on lightweight concrete using pumice aggregate. Materials Today: Proceedings. 2021. 43(2):
1606.

Parhizkar T., Najimi M., Pourkhorshidi A.R. Application of pumice aggregate in structural lightweight concrete.
Asian J. Civ. Eng. 2012. 13(1): 43.

Nakamoto K. Infrared and Raman Spectra of Inorganic and Coordination Compounds. (A Wiley-Interscience
Publication John Wiley and Sons, New-York. Chapter 2: Applications in inorganic Chemistry, 1991).

Plyusnina LI. Infra-red spectra of minerals. (Moscow: Publishing house of the Moscow University. Chapter 4:
Basic regularities of infrared spectra of mineral classes, 1977). [in Russian].

Received 10.06.2024, accepted 25.11.2024

ISSN 2079-1704. CPTS 2024. V. 15. N 4 513




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /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 (None)
  /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 <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /RUS <>
    /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


