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ABSTRACT

High Speed Rail (HSR) projects are multiplying and need technological innovations to be
economically, socially and environmentally reliable. The upgrading of fine graded soils
treated with lime and/or hydraulic binders for the capping layer of HSR infrastructures is a
process in accordance with sustainable development. The expected life of railways structures
and the stresses caused by HSR traffic lead to ask about the fatigue mechanical behavior of
treated materials. Numerical modeling of the infrastructure of HSR allowed determining
stresses in the structure. Then results are used to estimate the thickness of the capping layer
using treated materials for which fatigue behavior is characterized. This process highlights
that fine treated soils can be used for the capping layer of HSR structure.
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1. INTRODUCTION

The in-situ soils present in the coverage of civil engineering projects have generally
mechanical characteristics inconsistent with stress rates generated by the infrastructure they
have to support. To upgrade these materials by using them in subgrade layers, it is common
to mix them with a few percent of hydraulic binders to improve their mechanical
performances (Bell 1996; Chew et al. 2004; Cokca 2001). Besides, this process has the
advantage to minimize the environmental impact and to reduce the economic cost of the
infrastructures (Ferber et al. 2010; Jullien et al. 2012; Nunes et al. 1996; Patrick and
Arampamoorthy 2010; Pratico et al. 2011; Salem et al. 2003).

This approach is widely used in numerous civil engineering applications such as road
construction, embankments, foundations, slabs and piles (Al-Amoudi et al. 2010; Al-Rawas
et al. 2005).. In the French railway sector, soils treatment for HSR subgrade layers (capping
layers) is strongly discouraged (RFF and SNCF. 2006), due to the expected life of railways
structures (one hundred year) and the stresses caused by HSR traffic that lead to ask about
the fatigue mechanical behavior of treated materials. To date, this process has been used only
on several kilometers of line in France for experiments (Delhomel and Robinet 2006; Hervé
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et al. 2011) and at the present time, in classic HSR projects, the in-situ materials that don’t
have sufficient characteristics are stripped, landfilled and substituted by quarries materials.
Based on numerical calculations and on the approach followed in the road sector where the
fatigue criterion is characterized by the maximum tensile stress at the bottom of the capping
layer (AFNOR 1994b, Matthews et al. 1993), the aims of this paper are to:

— Demonstrate that treated materials can be considered for their use for the capping
layer of HSR structures instead of the granular solution;

— Give a process to design these layers in function of the mechanical fatigue features
of materials.

First a modeling by Finite Element Method (FEM) of the entire structure is performed to
determine the load distribution under the ties (Preteseille et al. 2012). Then this load
distribution is used as an input of a semi-analytical model. This type of model is more
adapted to design studies than FEM ones because input parameters are more simple and
computing time is less expensive to calculate the response of the structure. The differences in
the results given by the two approaches are discussed (Preteseille et al. 2012). Then the
process is applied to estimate the thickness of the capping layer using treated materials for
which fatigue behavior is characterized (Bhattacharya and Pandey 1986; Dac Chi and
Mulders 1984; Khay et al. 2010; Swanson and Thompson 1967).

2. MATERIALS AND METHODS
2.1. Modeling
2.1.1. CESAR-LCPC

CESAR-LCPC (Humbert et al. 2005; Wang et al. 2012) is an FEM software dedicated to
civil engineering (structural analysis, soils and rocks mechanics, thermal, hydrology, etc).
This software can model complex structures and solve various problems (mechanical
calculation of structures, stresses in concrete at an early age, etc). Calculations are done in
linear elasticity and static mode.

2.1.2. ViscoRoute© 2.0

The software ViscoRoute© 2.0 (Chabot et al. 2010; Chabot et al. 2006; Chupin et al. 2010)
is based on semi-analytical methods and a model of semi-infinite multilayer structure. The
mechanical behavior of layers can be considered as elastic or thermoviscoelastic, according
to the Huet and Sayegh law (Huet 1963; Sayegh 1965). Note that this software cannot model
other structures than those composed of semi-infinite layers (involving rails and ties).

2.2. Structures studied

For the FEM modeling, the entire railway structure is modeled (Fig. 1a). The structure
complies with the requirements of French standard for the construction of HSR structure
(RFF and SNCF 2006). The track bed has a Young’s modulus equal to 70 MPa, a constant
density of 2000 kg.m-3, a constant Poisson's ratio of 0.25 and a thickness of 2000 mm. The
treated capping layer rests directly on the track bed. To represent a wide range of treated
materials and to take into account their mechanical kinetic evolution in time (Hervé et al.
2011; Lenoir et al. 2011) three Young’s modulus (100, 5000 and 10,000 MPa) were selected.
Two thicknesses (400 and 300 mm) corresponding to usual thicknesses for capping layers



were considered. On the capping layer is laid an unbound granular sub-layer (p=2000 kg.m™,
E =70 MPa, v = 0.25). The upper layer is the ballast. The ballast is divided in two zones.
The first zone is constituted of compact ballast under the ties with a 45 degree angle, with a
Young's modulus of 200 MPa and a second zone of loose ballast around the ties (Al Shaer et
al. 2008) with a Young's modulus of 8 MPa, a density of 1300 kg.m™ and a Poisson's ratio of
0.2. The ties are embedded in the ballast. The ties have a density of 2400 kg.m™, a modulus
of 34,000 MPa and Poisson's ratio of 0.2. The concrete ties support the rails made up with 60
El rails profile. For the sake of simplicity, the rail is modeled by a rectangular section of
width equal to the real rail. The height was determined to keep an equivalent second moment
of area, 134 mm. The density, the Young’s modulus and the Poisson's ratio of the rail are
respectively 7800 kg.m-3, 210,000 MPa and 0.28. Due to symmetry conditions only one
quarter of the structure is modeled.

For the semi-analytical modeling, the layers are modeled by semi-infinite layers (Fig. 1b).
The track bed, the sub-layer and the ballast keep the same properties as explain above. For
the capping layer, the density and the Poisson’s ratio stay unchanged, but seven cases of
Young’s modulus and three thicknesses are studied. All the dimensions and mechanical
characteristics are given in table 1.

- Compact ballast
Loose ballast ~_ Sub-layer Ballast B2 200 MPa 350 mm
~——Capping layer }
Rail -
2 .—— Track bed Sub-layer S;SPZQAPB 200 mm
. E = 100, 500, 1000, 2000, 5000, 400 mm - stri
Capping layer 7000 and 10 000 MPa 350 mm - str2
v=0.25 300 mm - str3
Track bed E:SZQAPB 2000 mm
(a) (b)
Figure 1: (a) modeled structure with CESAR-LCPC; (b) modeled structure with
ViscoRoute©2.0.
2.3. Loadings

For the FEM modeling, the considered loading is a bogie with two axles spaced 3 m apart. It
is assumed that two different bogies do not affect each other in terms of mechanical
responses due to the large distance between them (18.7 m). Each axle load is 170 kN. To
consider the dynamic effects in the static FEM calculation, a coefficient of 1.5 is applied to
the loading (Preteseille et al. 2012). This method (Eisenmann 1977; Riessberger 1995) is
commonly applied by German Railway Authorities.

As a result, wheel load is modeled with a loading of 127.5 kN placed in the middle of a tie
and linearly distributed along the rail width at 1.5 m from the symmetry axis. It can be
shown that this position is the worst in terms of tensile stress at the bottom of the capping
layer (Preteseille et al. 2012).



Table 1: Structures characteristics.

FEM modeling T"(ir‘;l'g‘)ess o (kg.m™) E (MPa) v
Rail (modeling) 172 (134) 7800 210,000 0.28
Ties 229 2400 34,000 0.2
Loose ballast 350 1300 8 0.2
Compact Ballast 350 1700 200 0.4
Sub-layer 200 2000 70 0.25
Treated capping 400 2strlg,
layer 300(str3 2000 100, 5000, 10,000 0.25
Track bed 2000 2000 70 0.25
Semi anal.
modeling
Ballast 350 1700 200 0.4
Sub-layer 200 2000 70 0.25
Treated capping g‘gggg}; 5000 100,500,100, 2000, 5000, s
layer 300(str3)’ 7000, 10,000 )
Track bed 2000 2000 70 0.25
3. RESULTS

3.1. Study of the tensile stresses produced by the railway loading in the capping
layer

Fig. 2 shows the evolution of the principal stresses in strl with depth in the railway structure
and with the modulus of the capping layer. The studied axis passes through the centre of the
most stressed tie. The tensile stress in the capping layer is maximal at the intersection
between this axis and the bottom of the layer. Along the axis, in the ballast and in the sub
layer, the modulus of the capping layer has little impact on the stresses. The top of the
capping layer works in compression while the bottom works in traction. The compressive
and the tensile stresses have the same order of magnitude. The point of zero stress is almost
independent of the module and is at the same depth following longitudinal o, or lateral o,
stresses. The higher the modulus of the capping layer, the higher the stresses. Longitudinal
ox and lateral o,y stresses are close and correlated with more than 99%.The tensile stress at
the bottom of the capping layer o,, increases from 0.003 MPa for a modulus of 100 MPa, to
0.365 MPa for a modulus of 10 000 MPa for strl. The evolution of main stresses in str2 and
str3 are similar to strl. The values of the maximal tensile stress at the bottom of the capping
layer are presented in table 2. It is a function of the thickness of the capping layer. The
maximal tensile stresses for str2 are ranging from 0.002 MPa for 100 MPa to 0.382 MPa for
10,000 MPa and from 0.002 MPa to 0.422 MPa for str3. Between strl and str2 and for a
modulus of 10,000 MPa an increase of 5% of the maximal tensile stress is observed whereas
this increase is 16% between strl and str3. Stresses seem to be small (0.050 MPa to 0.400
MPa) that’s why it is adapted for mechanical resistance of stabilized soils.

This modeling allows determining the maximal tensile stress in the capping layer in function
of the properties of the material, i.e. the Young’s modulus and in function of the thickness of



the capping layer. As a result, knowing the treated material characteristics, i.e. the Young’s
modulus and the fatigue strength, the optimal thickness of the capping layer can be assessed.

Oyy (X=-1.5my=0m) Oyy (x=-1.5m y=0m)

—E =100
— E =500
— E =1000
— E =2000
— E =5000
E =7000
— E =10000

Tl'r;CT(gea_’__u_T_n__n I 1 |7 1 1 1 1 1 1 lﬁl ] 1 1 1 -1
-0.30 -0.15 0 0.15 0.30 -0.30 -0.15 0 0.15 0.30
Gy, (MPa) oyy (MPa)

Figure 2: Evolution for str1 of main stresses in function of depth and of the
modulus of the capping layer.

Table 2: Stress at the bottom of the capping layer for the different structures.

E (MPa) 100 500 1000 2000 5000 7000 10,000

Strl oy (MPa) 0.005 0.053 0.092 0.147 0.248 0.291 0.342
oy (MPa) 0.003 0.042 0.077 0.129  0.240  0.296 0.365

E (MPa) 100 500 1000 2000 5000 7000 10,000

Str2  oxx (MPa) 0.005 0.054 0.096 0.156 0.269  0.320 0.379
oyy (MPa) 0.002 0.043 0.078 0.132 0.246  0.307 0.382

E (MPa) 100 500 1000 2000 5000 7000 10,000

Str3  oxx (MPa) 0.005 0.056 0.098 0.162 0291 0.351 0.422
oyy (MPa) 0.002 0.044 0.079 0.132 0.251 0.314 0.396

3.2. Optimization of the capping layer thickness

To be suitable, the fatigue strength of treated materials needs to be higher than the maximal
tensile stress in the capping layer determined previously by the modeling. This fatigue
strength is estimated thanks to fatigue tests. The principle of fatigue tests is to determine, for
a given frequency, the tensile stress oy leading to the failure after a number of N applications
of this stress. This number N corresponds to the life expectancy of the structure. It is
generally equal to 10° in the road sector and 10® in the rail sector.

Most studies on materials of civil engineering such as asphalt and concrete (Diakhate et al.
2011; Hornych 2007; Li and Metcalf 2004; Sun et al. 2003; Lee and Barr 2004; Li et al.
2007; Suaris et al. 1990), and the few studies on treated fine soils show that tensile strengths
of materials behave in a linear function of the logarithm of the number of cycles materials



and fatigue law o(N) can be expressed as, with 6, simple tensile strength and 3 the slope of
the straight line:

i=1+,BlogN (1)
Go

Table 3 presents the characteristics (Young’s modulus E and o3) of treated materials from
literature (Bhattacharya and Pandey 1986; Dac Chi and Mulders 1984; Khay et al. 2010;
Swanson and Thompson 1967). In all the studies tests are limited to one million of cycles
and the tensile strength oy corresponding to one hundred million of cycles have been
extrapolated using previous equation.

Table 3. Assessment of the thicknesses of the capping layer using fines treated
materials from literature.

Material Treatment o (MPa) E(MPa) (1\?}% a) t (m)

-a Rouen’s silt 1%L + 7%C 1.03 4800 0.20 0.58

§ E; Autun’s clay 1%L + 7%C 0,61 2800 0.04 1.29

L;é 3 Lille’s silt 1%L + 7%C 1,86 8300 0.63 <0.2
23 St-Brieuc’s arena 1%L + 7%C 1,39 5000 0.64 <0.2
_ Fl1 13.6% C 2.7 21100 1.11 <0.2

332 F2 12.9% C 27 21000 112 <02
29 F3 15.1% C 1.7 18100  0.71 <0.2
P Laterite (low) 5%L - 2952 0.28 <0.2
;2 gé % Laterite (medium) 5%L - 3596 0.45 <0.2
SR Laterite (heavy) 5%L - 4240 0.56 <0.2
- Champaign county till 3%L 0.33 3000 0.20 0.35
§ ép Bryce B 5%L 0.62 3000 0.30 <0.2
: é < Sable B 3%L 0.57 3000 017 049
2 Illinoian till 3%L 0.51 3000 0.23 0.2

In the first study (Dac Chi and Mulders 1984), the fatigue laws of four different naturals soils
have been obtained from flexion tests on trapezoidal specimens with a frequency of 50 Hz
(AFNOR 1994a; AFNOR 1994b). In the second study, flexion tests on trapezoidal
specimens were carried out on three different mixtures of compacted sand concrete with a
frequency of 10 Hz (El Euch Khay et al. 2010). In the third study, lime-laterite soil mixture
with three different compaction rates were investigated and were tested using beam flexion
test under third point loading with a frequency of 2 Hz (Bhattacharya and Pandey 1986). In
the fourth study, four different soils treated with lime were investigated using the third beam
flexion test with a frequency of 12 Hz (Swanson and Thompson 1967). In this last study, no
measure of the Young’s modulus was carried out, and average value of 3000 MPa is used in
order to estimate the thickness of the capping layer.

From the maximal tensile stress in the capping layer previously determined and the fatigue
strength oy, the thickness t of the capping layer can be established (Table 3). The required
thickness for ten materials on fourteen is inferior to 0.2 m. This finding shows that the use of
these materials in the capping layer of the rail structure is possible. More, the fatigue strength
of these materials is largely sufficient and the treatment could be reduced in order to



decrease their economic and environmental costs. The calculated thicknesses for the
Champaign County till and the Sable B are ranged into 0.2 and 0.5 m. The use of these
materials for the capping layer is also suitable. To end, the required thickness for Rouen’s
silt is 0.58 m and 1.29m for Autun’s clay. These thicknesses are not compatible with the
rules of art of earthworks and in order to reuse these two materials, additional fatigue tests
are needed with a different treatment to increase their fatigue strength.

4. CONCLUSION

A rail structure was modeled on CESAR-LCPC. The distribution that leads to the maximal
tensile stress at the bottom of the capping layer has been exported to ViscoRoute© 2.0 to
estimate the stresses in the capping layer according to different modulus and different
thicknesses.

Following the road sector approach and using fatigue strength results from literature the
thickness of the capping layer were established. Results are in accordance with the rules of
art of earthworks and highlights that in situ soils treated with hydraulic binders can be used
for the capping layer of rails structure. The reuse of in situ soils avoids the production of
large amount of waste.

REFERENCES

AFNOR. (1994a). Détermination des caractéristiques mécaniques des matériaux traités aux
liants hydrauliques - NF P 98-232-4.

AFNOR. (1994b). Détermination du comportement en fatigue des matériaux traités aux
liants hydrauliques - NF P 98-233-1.

Al-Amoudi, O. S. B., Khan, K., and Al-Kahtani, N. S. (2010). "Stabilization of a Saudi
calcareous marl soil." Construction and Building Materials, 24(10), 1848-1854.

Al-Rawas, A. A., Hago, A. W., and Al-Sarmi, H. (2005). "Effect of lime, cement and Sarooj
(artificial pozzolan) on the swelling potential of an expansive soil from Oman."
Building and Environment, 40(5), 681-687.

Al Shaer, A., Duhamel, D., Sab, K., Foret, G., and Schmitt, L. (2008). "Experimental
settlement and dynamic behavior of a portion of ballasted railway track under high
speed trains." Journal of Sound and Vibration, 316(1-5), 211-233.

Bell, F. G. (1996). "Lime stabilization of clay minerals and soils." Engineering Geology,
42(4), 223-2317.

Bhattacharya, P. G., and Pandey, B. B. (1986). "Flexural fatigue strength of lime-laterite soil
mixtures." Transport Research Record, 1089, 86-92.

Chabot, A., Chupin, O., Deloffre, L., and Duhamel, D. (2010). "Viscoroute 2.0 - A Tool for
the Simulation of Moving Load Effects on Asphalt Pavement." Road Materials and
Pavements Design., 11, 227-250.

Chabot, A., Tamagny, P., Poché, D., and Duhamel, D. "Visco-elastic modelling for asphalt
pavements — Software ViscoRoute." 10th International Conference on Asphalt
Pavements, Quebec City, Canada.

Chew, S. H., Kamruzzaman, A. H. M., and Lee, F. H. (2004). "Physicochemical and
Engineering Behavior of Cement Treated Clays." Journal of Geotechnical and
Geoenvironmental Engineering, 130(7), 696-706.

Chupin, O., Chabot, A., Piau, J. M., and Duhamel, D. (2010). "Influence of sliding interfaces
on the response of a layered viscoelastic medium under a moving load."
International Journal of Solids and Structures, 47(25-26), 3435-3446.



Cokca, E. (2001). "Use of class C fly ashes for the stabilization of an expansive soil."
Journal of Geotechnical and Geoenvironmental Engineering, 127(7), 568-573.

Dac Chi, N., and Mulders, J. (1984). "Comportement en fatigue des sols fins traités a la
chaux et au ciment." Bulletin de liaison des Laboratoires des Ponts et Chaussées.

Delhomel, A., and Robinet, A. (2006). "L'utilisation du traitement des sols pour la
construction des lignes nouvelles." Revue Générale des Chemins de Fer, 7-19.

Diakhate, M., Millien, A., Petit, C., Phelipot-Mardele, A., and Pouteau, B. (2011).
"Experimental investigation of tack coat fatigue performance: Towards an improved
lifetime assessment of pavement structure interfaces." Construction and Building
Materials, 25(2), 1123-1133.

Eisenmann, J. (1977). Die Schiene als Triger und Fahrbahn - theoretische Grundlagen und
praktische Beispiele, Verlag von Wilhlem Ernst & Sohn.

Ferber, V., Jatteau, C., Landes, B., and Brossellier, E. (2010). "Evaluation "développement
durable" des travaux de terrassements." Revue Générale des Routes, 884.

Hervé, S., Fraquet, P., and Auriol, J. C. "Retour d'expérience d'une couche de forme traitée
sur la LGV Atlantique, apres 20 ans d'exploitation." GEORAIL 2011, Paris, 431-440.

Hornych, P. (2007). "Etude expérimentale et modélisation du comportement des matériaux
de chaussées non traités." 216.

Huet, C. (1963). "Etude par une méthode d'impédance du comportement viscoélastique des
matériaux hydrocarbonés," Université de Paris.

Humbert, P., Dubouchet, A., Fezans, G., and Remaud, D. (2005). "CESAR-LCPC, un
progiciel de calcul dédié au génie civil." Bulletin de liaison des Laboratoires des
Ponts et Chaussées, Numéro spécial CESAR-LCPC, (256-257), 7-37.

Jullien, A., Proust, C., Martaud, T., Rayssac, E., and Ropert, C. (2012). "Variability in the
environmental impacts of aggregate production." Resources Conservation and
Recycling, 62, 1-13.

Khay, S. E. E., Neji, J., and Loulizi, A. (2010). "Shrinkage properties of compacted sand
concrete used in pavements." Construction and Building Materials, 24(9), 1790-
1795.

Lee, M. K., and Barr, B. I. G. (2004). "An overview of the fatigue behaviour of plain and
fibre reinforced concrete." Cement & Concrete Composites, 26(4), 299-305.

Lenoir, T., Bodenes, D., David, J., Rayssac, E., and Auriol, J. "Use for earthworks of fine
soils considered unfit for treatment - Studies of the regoliths of schists from the
French region Bretagne-Pays de Loire." XXIVe Congres Mondial de la Route,
Mexico.

Li, H., Zhang, M.-h., and Ou, J.-p. (2007). "Flexural fatigue performance of concrete
containing nano-particles for pavement." International Journal of Fatigue, 29(7),
1292-1301.

Li, Y. Q., and Metcalf, J. B. (2004). "Fatigue characteristics of asphalt concrete from asphalt
slab tests." Journal of Materials in Civil Engineering, 16(4), 306-314.

Matthews, J. M., Monismith, C. L., and Craus, J. (1993). "Investigation of Laboratory
Fatigue Testing Procedures for Asphalt Aggregate Mixtures." Journal of
Transportation Engineering-Asce, 119(4), 634-654.

Nunes, M. C. M., Bridges, M. G., and Dawson, A. R. (1996). "Assessment of secondary
materials for pavement construction: Technical and environmental aspects." Waste
Management, 16(1-3), 87-96.

Patrick, J., and Arampamoorthy, H. (2010). "Quantifying the benefits of waste
minimisation." Agency research report 406, NZ Transport Agency.



Pratico, F., Saride, S., and Puppala, A. J. (2011). "Comprehensive Life-Cycle Cost Analysis
for Selection of Stabilization Alternatives for Better Performance of Low-Volume
Roads." Transportation Research Record(2204), 120-129.

Preteseille, M., Hornych, P., Chupin, O., and Lenoir, T. 2012. Use of treated soils for
sustainable rail infrastructures. /n Transport Research Arena. Athens, Greece.
Procedia - Social and Behavioral Sciences, Vol.48, pp. 276-286.

RFF, and SNCF. (2006). Référentiel Technique pour la réalisation des LGV — Partie Génie
Civil — IN3278, RFF, SNCF.

RFF, and SNCF. (2006). "Referentiel Technique pour la réalisation des LGV - Partie Génie
Civil." RFF and SNCEF, eds.

Riessberger, K. (1995). "Track - Part of the system 'Railway'." Norway, part 3 of seminar
arranged by NSB.

Salem, O., AbouRizk, S., and Ariaratnam, S. (2003). "Risk-based Life-cycle Costing of
Infrastructure  Rehabilitation and Construction Alternatives." Journal of
Infrastructure Systems, 9(1), 6-15.

Sayegh, G. (1965). "Contribution a 1'étude des propriétés viscoélastiques des bitumes purs et
des bétons bitumineux," Faculté des Sciences de Paris.

Suaris, W., Ouyang, C. S., and Fernando, V. M. (1990). "Damage Model for Cyclic Loading
of Concrete." Journal of Engineering Mechanics-Asce, 116(5), 1020-1035.

Sun, L., Hudson, K. R., and Zhang, Z. M. (2003). "Empirical-mechanistic method based
stochastic modeling of fatigue damage to predict flexible pavement cracking for
transportation infrastructure management." Journal of Transportation Engineering-
Asce, 129(2), 109-117.

Swanson, T. E., and Thompson, M. R. (1967). "Flexural fatigue strength of lime-soil
mixtures." Highway Research Record, 198, 9-18.

Wang, D. X., Abriak, N. E., Zentar, R., and Xu, W. Y. (2012). "Solidification/stabilization of
dredged marine sediments for road construction." Environmental Technology, 33(1),
95-101.




<<

  /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





