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Abstract

In this study, the change of freeze-thaw test result of unconfined compressive strength of clayey soils reinforced with pine tree
sawdust and marble dust was investigated. Mixtures containing 5%, 10% and 15% marble dust and 0.5%, 1% and 1.5% pine tree
sawdust were compressed by standard Proctor test with optimum moisture content. After curing the mixture samples for 1, 7 and
28 days at a working room temperature of +21°C, they were subjected to the freeze-thaw test at -21°C, +21°C for 12 hours and 12
cycles. In the test results of the unconfined compressive strength test applied to the samples, the highest strength increase was
determined in clayey soil+%15 marble dust+1% pine tree sawdust mixtures before and after freezing thawing. The strength increases
before and after freeze-thaw was 54.80% and 31.56%, respectively. According to SEM analyses, structural changes in clayey soil
reinforced with pine tree sawdust and marble dust were examined before and after freeze-thaw. It has been determined that the
mixture of pine tree sawdust and marble dust can be applied in the treatment of clayey soils.
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1. Introduction

In areas where temperature differences occur
frequently, soil is subjected to freeze-thaw cycles.
Engineering  properties, strong forces, and
deformation of the soil are affected under different
external forces as well as different loads. These
mechanical properties depend on the internal structure
of the soil. Therefore, properties such as ductility,
strength, and hardness, which represent the
deformation and strength of the soils, depend on the
internal structure. If the internal structure of the soil is
well known, the necessary changes can be made
regarding the interior structure and the soil properties
can be adapted to the proper application on purpose
(Akbulut et al., 2007; Kalkan, 2011, 2013; Yarbasi et
al., 2007; Zhou and Keeling, 2013). In the studies,
especially the researches dealing with the marble

waste, strength is increased and brittle fractures are
observed in fine-grained soils reinforced with marble
dust. Ductile fractures were observed in fine-grained
soils reinforced with pinewood sawdust, an organic
residual material. The strength of the clayey soils,
which are reinforced by the addition of these two
materials at the same time, the strength and duration
of breakage are extended and the two properties are
used together in a positive way (Koteswara et al.,
2012; Shawl et al., 2017) Studies have been carried out
on the use of pine tree sawdust as a building material
or as a sub-base material, especially in civil
engineering. As a result of these studies, it was used
as a wall material due to its feature of being a light
material. It can be used as foundation and sub-base
material especially in road constructions (Karafaki,
2009; Okagbue, 2007; Oyedepo et al., 2014;
Rodrigues et al., 2015; Shawl et al., 2017; Taspolat et
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al., 2006; Udoeyo and Dashibil, 2014; Yarbas1 and
Kalkan, 2016; Yarbasi, 2018; Zorluer and Usta, 2003).

In this study, these two properties were
evaluated together by assessing both brittleness
(marble powder) and ductility (pine wood shavings)
together, increasing the strength and resistance of
clayey soils against freezing and thawing.

2. Material and methods
2.1. Materials

2.1.1. Green clay (GC)

Within this paper, the green clay (GC) soil
sample was obtained from the Oligocene sedimentary
unit located in the west of Oltu (Erzurum) district and
excavated from a depth of 0.80 m from the surface
(Fig. 1). The GC soil brought to the laboratory was
dried in the oven at a temperature of 105 £ 5°C for 24
hours and then the hardened grains were milled in the
Los Angeles Abrasion Machine at 4000 rpm. Los
Angeles Abrasion Machine is used to determine the
fragmentation resistance in aggregates and the
percentage of light material in the aggregate. It is also
used as a grinder. The device consists of a cylindrical
steel tambour with an inner diameter of 711 mm and
an inner length of 508 mm, 12 wear balls and an
electronic control unit. When the speed set by the user
is reached, the automatic counter on the device
automatically stops the machine. According to the
United Soil Classification System, GC are inorganic
clays of high plasticity (CH). These soils have high
expansion potential as a result of over-consolidation,
high-very high plasticity, and montmorillonite clay
content (Kalkan and Bayraktutan, 2008). The particle
size distribution, physical-mechanical features and
elemental analyses are given in Fig. 2, Table 1 and
Table 2, respectively.

~ Pine tree sawdust

Marble dust

Fig. 1. Green clay, pine tree sawdust and marble dust
materials

2.1.2. Pine tree sawdust (PTS)

PTS, the second important element of this
study, was obtained from the carpenters in the
industrial area of Oltu-Erzurum (Fig. 1). About 140
tons of pine tree shavings are released per year from
these carpenters. The systematic location of the yellow
pine (Pinus silvestris L.), which extends over an
extremely wide area in the world, is a species of the
genus Pinus (Pine) from the Gymnospermae class and
the Pinaceae family. The area covered by yellow pine
forests (Pinus sylvetris L.), which is commonly found
in North East Anatolia Region, is 1.961.660 ha and the
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ratio to total forest area is 9.00% (Atalay et al., 1985;
CABI, 2002). Particle size distribution and elemental
analysis of PTS are given in Fig. 2 and Table 3,
respectively.

100 S
20
g
'En &0 || =de=Pine tree
g sawdust
w 40 [ | ==t Green
i | clay
[
& 20 y | =@=Marble
/ dust
S L1l
o Le=1in s
0.0001 0.001 0.01 0.1 1 10 100

Grain size (mm)

Fig. 2. The particle size distribution of the green clay, pine
tree sawdust and marble dust

Table 1. Physical and mechanical properties of the GC

Property Value
Soil unit weight (kN/m?) 26
Sand (2000-75 pm) (%) 10.0
Silt (2-75 pm) (%) 58.0
Clay (<75 um) (%) 32.0
Liquid limit (%) 68
Plastic limit (%) 28
Plasticity index (%) 40
'Optimum water content, wopt (%) 25.8
Max. Dry Unit Volume Weight, Ykmax 14.1
(KN/m?)
2Soil classification CH

IStandard Proctor Test is applied, 2Unified Soil Classification
System (USCS)

Table 2. Elemental analyses of the GC

Elements Weigth (%)
O 50.55
Na 4.11
Mg 4.26
Al 6.75
Si 22.33
K 1.46
Ca 6.93
Fe 3.62

Table 3. Elemental analyses of the PTS

Element Weigth (%)
Soil unit weight, (kN/m?) 12
C 50.1
(0] 46
Si 0.1
Ca 0.3
Others 3.5

2.1.3. Marble dust (MD)

MD, the third component of this study, was
obtained from the marbles of Afyon region, as a result
of polishing, scraping and engraving processes, in a
dry form. 0.125 mm sieve was used to remove the
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coarse grains in the dry MD (Fig. 1). The grain-size
distribution, and elemental analyses are given in Fig.
2 and Table 4, respectively.

Table 4. Elemental analyse of the MD

Component Value (%)
SiO2 0.36
ALO3 0.28
Fe203 0.04
CaO 54.98
MgO 0.62
Na20s3 0.03
K20 0.07
SOs3 0.06
CaO2 43.56
2.2. Methods

The first step of this study was the standard
compaction test in order to determine the optimum
water content (Wopt) and the maximum dry unit weight
(Ykmax). The samples were prepared by compressing
the cylindrical sample containers with a diameter of 38
mm and 76 mm in the optimum water content. 3
(three) samples were prepared to determine the cure
time of each type of mixture and the average of the
results were obtained. Experimental studies were
performed according to ASTM-D 2166 (2006),
ASTM-D 698-78 (2012), ASTM D 560 (2003) and
BS. 1377 Part 2. (1990). Sieve analysis was performed
to determine the particle size distribution. Sieve
wrapping device and ASTM standard sieves were used
for this analysis. Sieve analysis was performed to
determine the particle size distribution. Sieve
wrapping device and ASTM standard sieves were used
for this analysis. These tests were carried out at
Atatiirk University Faculty of Earth Sciences, soil
mechanics laboratory. Elemental analysis was
performed with Zeiss Sigma 300 equipped with
EDAX analyzer (Zeiss, Germany) found in Atatiirk
University Central Laboratory. For SEM analysis,
Sigma 300 Zeiss Gemini FE-SEM device was used at
the Atatiirk University Center Laboratories.

The samples were prepared with ratios of GC,
GC+5%, 10%, 15% MD and 0.5%, 1%, 1.5% PTS.
These mixing ratios are 100% GC (MIXO0), 94.5%
GC+5% MD+0.5% PTS (MIX1), 94% GC+5%
MD+1% PTS (MIX2), 93.5% GC+5% MD+1.5%
PTS (MIX3), 89.5% GC+10% MD+0.5% PTS
(MIX4), 89% GC+10% MD+1% PTS (MIX5), 88.5%
GC+10% MD+1.5% PTS (MIX6), 84.5% GC+15%
MD+0.5% PTS (MIX7), 84% GC+15% MD+1% PTS
(MIX8), 83.5% GC+15% MD+1.5% PTS (MIX9).

Samples were cured at room temperature
(+21°C) for 1, 7 and 28 days. At the end of the cure
time, the samples were subjected to unconfined
compression test to determine the strength values of
the samples. The uniaxial compressive device and
samples in which the loading speed is selected as 0.8
mm/min are shown in Fig. 3. A deep-freeze
refrigerator was used for the freeze-thaw test. The
freezer was set to -21°C and freezing process was

applied. Thawing process was applied at +21°C
operating room temperature. The number of freeze-
thaw cycles was 12 and the waiting time at each
temperature was chosen as 12 hours.

Fig. 3. Uniaxial compressive device and the samples

3. Results and discussion
3.1. Unconfined compressive strength (UCS)

UCS values of GC soil samples reinforced with
MD and PTS before and after freezing-thawing were
determined according to ASTM D 2166 Standards.

Before freeze-thaw, for the mixture of MIXS,
the highest UCS values obtained at the end of 28-days
curing strength values were compared with GC soil
(main material). According to the test results, the
strength increase rate is 54.80%. The other highest
strengths following this mixture were 23.40% in the
MIX4 mixture and 9.42% in the MIX2 mixture (Fig.
4).

After freeze-thaw, for the mixture of MIXS, the
highest UCS values obtained at the end of 28-days
curing strength values were compared with GC soil
(main material). According to the test results, the
strength increase rate is 31.56%. This mixture was
followed by MIX6 mixture with an increase of 21.52%
and MIX2 mixture with an increase of 9.00% (Fig. 4).
Test results showed that MD was an important factor
in increasing the strength of GC soil before and after
freeze- thaw. The UCS values generally increased
with the increase in the MD ratio up 15%. This was
also observed in the strength values before and after
the freeze-thaw. The mechanical resistance increases
with curing time. Among the different variables
affecting the UCS of MD-stabilized clay soil, curing
time is of major importance (Okagbue, 2007; Okyay
and Dias, 2010; Yarbasi, 2018). MD effect on UCS is
a function of time, temperature and relative humidity
(Bell, 1996). An increase in the MD content in the GC
soil increased the strength compared to the natural
compacted GC soil sample, which made the mixture
more brittle. PTS used to make this fragility more
ductile was effective in this case. Reducing the
permeability of PTS adds a significant positive
property to the mixture. Increases in the ratios of MD
and PTS were effective in strength increases before
and after freeze thaw. Similar results were reported by
Okagbue, (2007); Shawl et al., (2017); Tagpolat et al.,
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(2006); Yarbast and Kalkan, (2016); Yarbasi, (2018);
Yarbast, (2019), Zorluer and Usta, (2003).

3.2. SEM analyses

3.2.1. Before freeze-thaw analyses

The SEM image indicates a layered structure
and clay minerals were observed in accordance with
the green clay internal structure (Fig. 5a). In the SEM
image of the addition of MD into the GC soil material,
the material has become more compact and the porous
structure has disappeared (Fig. 5b). When the 100 pm
scaled morphological appearance is examined, it can
be said that the structure is more rigid and flat. Again,
the morphological appearance of this mixture can be
said to have gained a hard and complete structure with
the addition of MD.

In Fig. 5c, the morphological image was
obtained by adding PTS to GC before freezing and
thawing. When the SEM image scaled as 2 um was
examined, it was clear that the structure of the mixture
changed, but it was also observed that the structure did
not gain hardness like it did in MD. The reason for this
is due to the natural structure of PTS. Therefore, it is
seen that even if PTS changes the structure of the
mixture, it does not give enough strength. Fig. 5d
shows the morphology regarding the GC+MD+PTS
mixture prior to the freeze-thaw process. The MD and
PTS material added to the clay soil from the images
caused significant textural changes in the clay

structure, resulting in significant increases in strength
values.

Before freeze-thaw
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Fig. 4. UCS graphics of the mixtures before freeze-thaw (a)
and after freeze-thaw (b) process

Fig. 5. Before freeze-thaw, variation in the microstructure with MD+PTS content: (a) stabilized GC sample,
(b) stabilized GC sample with MD, (¢) stabilized GC sample with PTS and (d) stabilized GC sample with MD+PTS

2252



Freezing-thawing behavior of clayey soils reinforced with pine tree sawdust and marble dust

3.2.2. After freeze-thaw analyses

In the SEM image shown in Fig. 6a, it was
observed that the layer in the inner structure of the clay
decreased relatively. A change was observed in the
volume of the existing clay by the effect of both air
and water molecules on the structure dissolving at
+21°C and the structure moved away from its former
state as understood from its morphology, indicating
that freeze-thaw process affects the structure of the
material. In the SEM image of the addition of MD into
the GC material, the material has become much flatter
and the porous structure in the material has become
apparent (Fig. 6b). The morphological image scaled as
2 um indicate that the structure could have a smooth
state and slits and cracks could occur in the mixture.
In the SEM image of the mixture scaled as 10 um,
taken after the freeze-thaw process, in which PTS was
added to the GC, it is observed that there is a change
in the structure of the mixture and significant voids are
formed in the structure due to the natural structure of
the PTS (Fig. 6¢).

PTS is an organic material and water molecules
formed by the evaporation temperature in the media
after the freeze-thaw process greatly affect the
structure of it. Because of the absorbent properties of
the water molecules within its structure, PTS reduces
the permeability while absorbing water in the

structure of the mixture that can be considered as an
advantage. As we examine the morphological image
structures as shallow depth basic and sub-base
materials of the mixture (GC+MD-+PTS) taken after
the freeze-thaw process (Fig. 6d), it is observed that
the MD and PTS added to the material have
significantly changed the structure of the material. It
was observed that the MD and PTS materials present
in the mixture after the freeze-thaw process did not
reduce the strength in the structure much, but they
caused textural changes in the structure. However,
cracks in the morphological image, fissure and
aggregation of the structure can be considered as
evidence of a relatively low resistance as seen in UCS
measurement.

4. Conclusions

The effects of pine tree sawdust (PTS) and
marble dust (MD) on the strength properties of green
clayey soil (GC) were investigated and the results
obtained within this experimental study were given
below. A significant change in unconfined
compressive strengths of the reinforced mixtures
obtained by the addition of 0.5%, 1%, 1.5% PTS and
5%, 10% and 15% MD to the GC soil was observed
before and after freezing-thawing.

Fig. 6. After freeze-thaw, variation in the microstructure with MD+PTS content: (a) stabilized GC sample,
(b) stabilized GC sample with MD, (¢) stabilized GC sample with PTS and (d) stabilized GC sample with MD+PTS
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The highest increase in strength was recorded
as 54.8% and 31.56% in the MIX8 mixture after 28
days of curing, before and after freezing-thawing,
respectively. Structural analysis of GC soil to which
PTS and MD was added was analyzed by SEM. Prior
to freeze-thaw, the addition of PTS and MD to the GC
material was observed to be more compact and tighter
in SEM images.

However, it has been observed that cracks and
fissures occur in the structure after freezing and
thawing. These adverse structures are thought to
adversely affect the mixture and cause loss of strength.
Therefore, it should be used carefully in regions where
temperature differences are frequent. As a result, it
was concluded that clay soils reinforced with waste
PTS and MD can be used for soil improvement and
engineering structures as shallow depth basic and sub-
base materials

Acknowledgements

A part of this research was supported by the Atatiirk
University Scientific Research Project with the ID number
of 6697 and coded as FHD-2018-6697.

References

Akbulut S., Arasan S., Kalkan E., (2007), modification of
clayey soils using scrap tire rubber and synthetic fibers,
Applied Clay Science, 38, 23-32.

Atalay 1., Tetik M., Yilmaz O., (1985), Ecosystems of the
North-Eastern Anatolia, Forestry Research Instute,
147.

ASTM D 698-78, (2012), Fundamental Principles of Soil
Compaction, American Society for Testing and
Materials, USA.

ASTM D 2166, (2006), Standard Test Method for
Unconfined Compressive Strength of Cohesive Soil,
American Society for Testing and Materials, USA.

ASTM D 560, (2003), Standard Test Methods for Freezing
and Thawing Compacted Soil-Cement Mixtures, USA.

BS 1377, (1990), Part 2 Methods of Test for Soils for Civil
Engineering Purposes. Classification Tests, British
Standards Institution, England.

Bell F.G., (1996), Lime stabilization of clay minerals and
soils. Engineering Geology, 42, 223-237.

CABI, (2002), Pines of Silvi Cultural Importance:
Complied from the Forestry Compendium, CAB
International, Oxford University Press.

Kalkan E., Bayraktutan M., (2008), Geotechnical evaluation
of Turkish clay deposits: a case study in Northern
Turkey, Environmental Geology, 55, 937-950.

Kalkan E., (2011), Impact of wetting—drying cycles on
swelling behavior of clayey soils modified by silica
fiime, Applied Clay Science, 52, 345-352.

2254

Kalkan E., (2013), Preparation of scrap tire rubber fiber—
silica fume mixtures for modification of clayey soils,
Applied Clay Science, 80, 117-125.

Karafaki F.C., (2009), The use of wooden materials in urban
landscape design, MSc Thesis, Institute of Science (in
Turkish), Ankara, Turkey.

Koteswara Rao.D., Anusha M., Pranav P.R.T., Venkatesh
G., (2012), A Laboratory study on the stabilization of
marine clay using saw dust and lime, International
Journal of Engineering Science & Advanced
Technology, 2,851-862.

Shawl Z.Z., Parkash E.V., Kumar E.V., (2017), Use of lime
and sawdust ash in soil stablization, International
Journal of Innovative Research in Science, Engineering
and Technology, 6, 1682-1689.

Okagbue C.O., (2007), Stabilization of clay using woodash,
Journal of Materials in Civil Engineering, 19, 14-18.

Okyay U.S., Dias D., (2010), Use of lime and cement treated
soils as pile supported load transfer platform,
Engineering Geology, 114, 34-44.

Oyedepo O.J., Oluwajana S.D., Akande S.P., (2014),
Investigation of properties of concrete using sawdust as
partial replacement for sand, Civil and Environmental
Research, 6, 35-42.

Rodrigues R., Brito, J., Sardinha M., (2015), Mechanical
properties of structural concrete containing very fine
aggregates from marble cutting sludge, Construction
and Building Materials, 77, 349-356.

Tagpolat L.T., Zorluer I., Koyuncu H., (2006), The effect of
waste marble powder on freezing-thawing in
impermeable clay layers (in Turkish), Electronic
Journal of Building Technologies, 2, 11-16.

Udoeyo F.F., Dashibil P.U., (2014), Sawdust ash as concrete
material, Journal of Materials in Civil Engineering, 14,
173-176.

Yarbag1 N., Kalkan E., (2016), Freezing-Thawing Behavior
of Silty Sand Soils Reinforced with Waste Marble Dust,
16th Nat. Cong. of Soil Mechanics and Geotechnical
Engineering, vol.1, 853-859.

Yarbas1 N., (2018), Strength properties of low plasticity
clayey soils improved with marble dust and scrap tire,
Journal of Natural Hazards and Environment, 4, 162-
170.

Yarbas1 N., (2019), Strength and permeability properties of
granular soils added to pine tree sawdust, Journal of
Science and Engineering, 21, 949-954.

Yarbag1 N., Kalkan E., Akbulut S., (2007), modification of
the geotechnical properties, as influenced by freze-thaw
of granular soils with waste additives, Cold Regions
Science and Technology, 48, 44-54.

Zhou C.H., Keeling J., (2013), Fundamental and applied
research on clay minerals: from climate and
environment to nanotechnology, Applied Clay Science,
47, 3-9.

Zorluer I., Usta M., (2003), Waste Remediation of Soils with
Marble Powder, Marble Turkey IV Symposium (in
Turkish), Afyon, 305-311.




<<
  /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


