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Abstract: In the field of micromechanics, the notion of representative volume element (RVE) and its
quantitative definition are of the paramount importance. The definitions of RVE, used by scientists
for different purposes, are mathematically strict but do not quantify its size. Furthermore, all the
methods of RVE size determination (available in a voluminous literature) require a large number of
numerical calculations like, for instance, those of finite element or other numerical techniques. In this
paper, it is shown that the size of RVE can be evaluated based only on the morphology of micro-
structure that is involved in the statistical microstructure descriptor, namely the two-point correlation
function. A methodology is applied to the digital image of the reconstructed 2D realization of the
boron-carbide/aluminum (B4C/Al) composite. The condition for the minimum size of RVE used in
the numerical procedure has been formulated in previous work of authors. The size of RVE is deter-
mined for different values of estimation error and the contrast in phase properties. The method is
verified by performing numerical calculations of effective thermal conductivity coefficient.

1. INTRODUCTION

The main goal of micromechanics is to evaluate the overall properties of random het-
erogeneous media based on the knowledge of both geometry and mechanical properties
of phases which constitute the material. Due to the rapid development of computer tech-
niques within the last 30 years numerical calculations regarding the effective properties
determination have become accepted as the ones that provide the most accurate results.
In the case of numerical approach, the process of effective properties evaluation – aver-
aging process – takes place over statistically representative finite-sized sample of the
material which is referred to as the representative volume element (RVE).

The RVE is usually regarded as a volume of heterogeneous body which is small
enough from a macroscopic point of view and simultaneously large enough to contain
a sufficient number of inhomogeneities. Some definitions of the RVE, used by scien-
tists for different purposes, can be found in [3], [17]. Note that these definitions are
usually mathematically strict; however, none of them provides precise information on
its size, in other words, the definitions do not quantify the size of RVE.

A large number of attempts have been made in order to quantify the RVE on the
basis of statistical and numerical analyses. GUSEV [6] used the Monte-Carlo (MC)
simulations for the generation of statistically independent realizations of periodic
elastic composite consisting of disordered non-overlapping spheres. The scatter in the
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results, i.e., averaged properties, has been investigated. In [17], statistical calculations
of numerical experiments have been performed to quantify the size of RVE for com-
posites that consist of particles in a matrix material. Several criteria as well as statisti-
cal tool, namely the Student’s t-distribution, have been taken into account in order to
quantify the size of RVE. GITMAN [3] has proposed to quantify the RVE on the basis
of the simple chi-square statistical criterion, whereas GRUFMAN and FERNAND [5]
have developed the methodology based on the Kolmogorov goodness-of-fit test.

Evaluation of the size of RVE taking into account the microstructure morphology
as well as estimation of the overall properties have been extensively studied in [1], [4],
[13], [22]. KANIT et al. [9] have proposed the method of numerical determination of
the size of RVE on the basis of the microstructural descriptor, namely the integral
range (the definition of integral range can be found in [12]). The authors claimed that
the size of RVE must be considered as a function of five parameters: the physical
property, the contrast of properties, the volume fractions of components, the wanted
relative precision for the estimation of the effective property and the number of reali-
zations of the microstructure associated with computations that one is ready to carry
out. The methodology has been verified in [10] where two materials from food indus-
try have been considered. THOMAS et al. [18] focused on the determination of RVE for
anisotropic composite with high-fiber volume fraction. Three different properties (fi-
ber area fraction, pair correlation function, effective thermal conductivity) have been
considered in order to establish the size of RVE.

In the previous paper of authors [15], an innovative procedure of RVE size determi-
nation for a particular type of random microstructure (two-phase random checkerboard)
has been proposed. The condition for the minimum size of RVE has been formulated
based on the properties of the two-point correlation function. This condition has been
then generalized for the case of any two-phase microstructure in [14], [16]. What is re-
markable, the method proposed utilizes only the morphology of microstructure contained
within the two-point correlation function, and therefore, it gives the possibility of RVE
size determination with no large number of numerical calculations – the numerical
analyses like those of FE or other methods are not necessary.

It has been shown in [14]–[16] that in the methodology proposed, the size of RVE
is directly associated with the number of random microstructure realizations. In other
words, for the evaluation of the overall property, say effective thermal conductivity
coefficient Keff, a set of n independent microstructure realizations has to be considered.
Therefore in what follows we introduce the notion of a sample. The sample is treated
as a set of finite number n of RVE elements, each having the same finite size (figure 1).
Then, the effective property Keff can be estimated as the mean value averaged over the
sample, i.e.:

,
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where Kj is the property determined from the solution of the appropriate boundary
value problem stated for the RVEj, whereas n is the sufficient number of realizations
(the size of the sample).

Fig. 1. The graphical illustration of the notion of the sample

In this paper, based on the condition proposed in [14], [16], a numerical proce-
dure of RVE size determination from a digital image of microstructure is proposed.
It has to be emphasized that the procedure of RVE size evaluation is devoted to the
case of thermal conductivity. The methodology is applied to the digital image of the
reconstructed 2D realization of the B4C/Al composite. The digital image is obtained
by the two-point probability reconstruction procedure. It is shown in the paper that
the size of RVE depends on the value of estimation error, the volume fraction of
phases as well as the contrast in phase properties (conductivities). The methodology
proposed is verified by performing numerical calculations of effective thermal con-
ductivities for different values of both estimation error and the contrast in phase
properties.

The paper is organized as follows. In Section 2, a short description of the boron
carbide/aluminum composite microstructure is provided. Next, the condition for the
minimum size of RVE with respect to overall thermal conductivity is presented. Sec-
tion 4 describes the procedure of the two-point correlation function evaluation. A
Monte Carlo approach of the two-point correlation function integration is outlined in
Section 5. The general scheme of RVE size determination procedure is outlined in
Section 6. The RVE sizes for the microstructure of the B4C/Al composite are provided
in Section 7. Next, the results of numerical calculations validating the methodology
proposed are presented. Final conclusions end the paper.

2. THE MICROSTRUCTURE OF
BORON CARBIDE/ALUMINUM COMPOSITE

As mentioned in Section 1, the methodology of RVE size determination is applied
to the digital image of the reconstructed 2D realization of the B4C/Al composite. This
microstructure has been obtained via the two-point correlation function reconstruction
procedure – for more details the reader is referred to [20], [21].
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Roughly speaking, the reconstruction process consists in finding such a realization
for which the calculated two-point correlation function )(

2
iS  best matches the “target”

two-point correlation function )(
2

~ iS  (note that )(
2
iS  is two-point correlation function of

the phase i [19]). The target function can be established, e.g., in the way of laboratory
experiments or theoretical models.

Starting from some initial realization, preserving volume fractions of phases, the
microstructure is evolved into )(

2
~ iS  by minimizing the energy E which at any time step

is defined as:
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where r is the distance between two arbitrary points in the microstructure. In the case
of digital images, r is the distance in pixels. The procedure of minimizing E (at any
time step) is performed by simulated annealing algorithm [11].

It has been shown by JIAO et al. [8] that in the case of the B4C/Al composite, the
target two-point correlation function for aluminum phase can be approximated by the
following relation:

,))22.0cos()10/exp(19.0)3/exp(81.0()(~ 2
121

)(
2 φφφ +−+−= rrrS i (3)

where φ1 = 0.353 and φ2 = 0.647 are the volume fractions of aluminum and boron car-
bide phases, respectively.

Fig. 2. The digital image (500×500 pixels) of the reconstructed 2D realization of the B4C/Al composite

Adopting the methodology presented in [20], [21] the microstructure of the B4C/Al
composite has been reconstructed. Figure 2 shows the digital image of 2D recon-
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structed realization of the composite considered. The resolution of the digital image is
500×500 pixels. The aluminum phase is shown in white, whereas black pixels are
associated with boron carbide phase.

3. THE CONDITION FOR THE MINIMUM SIZE OF
THE REPRESENTATIVE VOLUME ELEMENT

The condition for the minimum size of RVE (proposed by authors in [14], [16])
with respect to effective thermal conductivity reads:

]||||;||||;||max[|||||| 321RVE ΩΩΩΩ ≥ , (4)
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In the relations above, Θ stands for the contrast in phase properties, ε is the value
of the error tolerance assumed and lp is the so-called correlation length defined as:
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Note that in the case of digital images, the size of RVE is associated with the num-
ber of pixels contained within the image. Furthermore, assuming that the image is
a square composed of N 2 pixels, the size of RVE can be treated as ||Ω ||RVE ≥ N 2.
Therefore, utilizing the properties of equation (9) relations (5) and (6) can be rewritten
and interpreted as below:
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Observing relations (10) one can simply notice that in order to determine the size
of RVE, first, the two-point correlation function )()1(

2 rS  has to be calculated. The
methodology of )()1(

2 rS  determination is presented in the next section.

4. DETERMINATION OF THE TWO-POINT CORRELATION FUNCTION

Consider a binary (M×M pixels) image of random microstructure. We assume that
each pixel has only one of two possible values: 0 or 1. Hence, the digital image can be
interpreted as the matrix A[M×M] – each element of the matrix A is equal to 0 or 1, i.e.:
A[i, j] = 1 if pixel represents the phase for which the two-point correlation function is
calculated. Furthermore, the indices i and j correspond to the localization of the pixel
within the image – they denote the number of a row and a column, respectively. Then,
the two-point correlation function for phase 1 can be expressed as:
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A procedure of )()1(
2 rS  determination has a specific geometrical interpretation: the

two-point correlation function is evaluated by translating a line segment of the length r
(in pixels) at a distance of one pixel at a time and by spanning the whole image (each
time the end points of r are located at the pixel centers), see figure 3. The number of
events, such that two-end points of line segment of the length r are found in phase 1,
are counted and divided by the total number of trials. Note that by assuming the sys-
tem isotropy, the sampling is performed only along two orthogonal directions: rows
and columns.

Fig. 3. Geometrical interpretation of numerical evaluation of the two-point correlation function
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5. INTEGRATION OF THE TWO-POINT CORRELATION FUNCTION

In order to evaluate the integral of the two-point correlation function, we propose
the MC integration approach. In what follows, we introduce the function g given in
the following form:
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One can simply notice that:
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Therefore the function:
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can be treated as the probability density functions in Ω.
If we introduce additionally the function h(x, y) defined as:

))((),( 2
1

22)1(
2 φ−+= yxSyxh , (16)

then by inserting (15) into relation (12) we can express g as an expectation of the
function h, i.e.:
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where 〈*〉 is the expected value operator. Therefore, the estimation of the integral con-
sidered consists in generating random numbers Xi and Yi from the density functions
p(x) and p(y) and then computing the mean of h(x, y), i.e.:
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Note that in order to evaluate the MC estimator (18), pseudorandom numbers from
a non-uniform distribution have to be drawn. Following [7] this problem is divided
into two steps. First, a simple generator is used to generate uniformly distributed ran-
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dom numbers, which in a second step are transformed to follow the distribution re-
quired. Then the MC estimator of the integral (18) can be presented as:
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where the values of Qi are obtained from the uniform distribution on the interval
[0, 1], while X(Qi) as well as Y(Qi) are the non-uniformly distributed random numbers
determined via the following relations:

).)(11()(and)(11()( YQNQYXQNQX −−=−−= (20)

6. A GENERAL SCHEME OF
RVE SIZE DETERMINATION PROCEDURE

In order to determine the minimum size of RVE from the digital image of micro-
structure, one should follow these steps:

• having a digital image of microstructure, determine – using relation (11) – the
two-point correlation function for phase 1,

• assume the value of the error tolerance ε and determine the correlation length lp

defined by relation (8),
• calculate the value of ||Ω ||3 – use expression (7),
• using MC integrating procedure (equation (19)) find such N that satisfies the

following inequality:
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• determine the minimum size of RVE, i.e., NRVE as:

];max[ 3RVE NNN ≥ (22)

where N3 = 2lp = .|||| 3Ω

7. NUMERICAL RESULTS

The aluminum phase two-point correlation function for the digital image of the
B4C/Al composite has been determined utilizing the method presented in Section 4
(equation (11)). This function is graphically presented in figure 4. Based on the values
of )()1(

2 rS  the correlation length has been determined for different values of both error
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tolerance ε and the contrast in phase properties Θ – the results are summarized in table 1.
One can observe that the greater the value of the contrast Θ, the greater the value of
the correlation length and, as a consequence, the value of the size N3. Furthermore, for
a fixed value of Θ, as error ε is decreasing, the size N3 is increasing.

Fig. 4. The two-point correlation function for the B4C/Al composite (the distance r in pixels)

T a b l e  1

The correlation length lp and the size N3 for different values
of both ε and Θ

Θ ε lp N3

5 8 16
10 14 28
50 18 36

100 19 38
1000

3%

19 38
5 19 38
10 26 52
50 32 64

100 32 64
1000

1%

33 66

Next, using the MC integration procedure, i.e., relation (19), the integral of the two-
point correlation function, given by equation (12), has been calculated. In figure 5, the
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values of the function g, plotted against the size N, are graphically presented. Note that
as N is increasing, the function g is decreasing.

Fig. 5. The function g (equation (12)) plotted against the size N

Following the procedure presented in previous section, the size N has been deter-
mined by making use of relation (21). The results are summarized in table 2. Once
again, the sizes have been evaluated for different values of both error tolerance ε and
the contrast in phase properties Θ. It can be seen that the same dependence as in the
case of N3 can also be observed for the size N, i.e., the size N is increasing with the
increase in the value of Θ. Furthermore, lower values of error ε correspond to larger
values of N.

T a b l e  2

The sizes N determined by making use of relation (21)

Θ ε N
5 25

10 30
50 40
100 42

1000

3%

44
5 44

10 54
50 70
100 75

1000

1%

77
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As has been mentioned in Section 6, the final size of RVE is treated as the maxi-
mum value of two quantities (see relation (22)). Comparing the results summarized in
tables 1 and 2, we see that for all values of Θ and ε

NNN =];max[ 3 (23)

and therefore, in the case of the microstructure under consideration, the size of RVE is
NRVE = N.

8. NUMERICAL VALIDATION OF METHODOLOGY

As mentioned in the Introduction, it was shown in our previous works [14]–[16]
that the size of RVE, i.e. NRVE, is directly associated with the size of the sample n.
Therefore, in order to determine the overall thermal conductivity coefficient, one has
to consider a sufficient number of microstructure realizations and the effective prop-
erty is then estimated as the mean value averaged over all realizations (entire sample
n) – see equation (1). The sample size n can be estimated based, e.g., on the Central
Limit Theorem (for more details see [2]). Then, the number of the realizations n is
given by the following inequality [14], [16]:
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where Φ is the cumulative distribution function of the standard normal random vari-
able, α denotes the significance level and ε is the relative error of estimation.

T a b l e  3

Mean values of thermal conductivity coefficients corresponding to various values of
both estimation error ε and the contrast in properties Θ

Θ ε NRVE n K [W/mK] Keff[W/mK]
5 25 144 2.893 2.803

10 30 128 4.485 4.403
50

3%
40 140 13.807 13.550

5 44 439 2.852 2.803
10 54 398 4.480 4.403
50

1%
70 452 13.681 13.550

The methodology proposed has been verified by performing numerical calculations
for the different values of the estimation error and the contrast in properties Θ. For
previously estimated RVE sizes, i.e., NRVE = N, the mean values have been evaluated
and compared with the effective property (thermal conductivity coefficient corre-
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sponding to RVE size for which only one realization is sufficient). The results are
summarized in table 3.

It should be noted that the values of n have been determined for the significance
level α = 5%. Furthermore, the numerical calculations of the effective properties have
been performed only for the case of periodic boundary conditions prescribed at the
peripheries of each RVEj.

The results summarized in table 3 prove that for all values of Θ there is a good
agreement between the mean value K  and the effective property Keff. In figure 6, the
mean value of thermal conductivity coefficient is plotted against the size of RVE. The
results correspond to the case of Θ = 10 and the estimation error ε = 3%. Moreover, the
effective property Keff and the bounds of Voigt–Reuss as well as Hashin–Shtrikman
are also provided. We see that the value of K  corresponding to the case of NRVE = 30
is between the error bounds assumed (see figure 6). In other words, the following ine-
quality is fulfilled:

)1()()1( eff
RVE

eff εε +<<− KNKK . (25)

What is most important, relation (25) is also valid for all remaining values of ε
and Θ.

Fig. 6. The mean value of the thermal conductivity coefficient (W/mK) plotted against the size of RVE;
the Voigt–Reuss and Hashin–Shtrikman bounds

9. CONCLUSIONS

In this paper, the numerical algorithm of RVE size determination from the digital
image of microstructure has been formulated. The methodology utilizes the minimum
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RVE size condition proposed in our previous works [14], [16]. As has been mentioned
before, this condition is based on the statistical microstructure descriptor, namely the
two-point correlation function, and is devoted to the case of effective thermal conduc-
tivity.

In general, the procedure proposed consists of several simple steps. First, one has
to evaluate the two-point correlation function )1(

2S  for the digital image. It has been
proposed to calculate )1(

2S  by simple procedure based on translating a line segment
over the whole image. Note that assuming the system isotropy, the sampling is per-
formed only along two orthogonal directions: rows and columns. Then )1(

2S  can be
determined by making use of equation (11). Next, the particular integral of )1(

2S  has to
be determined. This integral is represented by the function g and is proposed to be
calculated by making use of the Monte Carlo approach (equation (19)).

Assuming the value of the error tolerance ε, we have to determine the correlation
length lp which is defined by relation (8) – then the value of N3 = 2lp is simply
evaluated. Furthermore, having the values of the function g one has to find such N
that satisfies condition (21). Finally, the size of RVE is the maximum value of N3

and N, see (22).
The methodology has been verified by applying to the digital image of the boron

carbide/aluminum composite. The microstructure of B4C/Al composite has been ob-
tained via the two-point correlation function reconstruction procedure. Using the algo-
rithm provided in Section 6, the RVE sizes have been evaluated for different values of
the estimation error ε and the contrast in properties Θ. The method proposed has been
validated by calculating the mean values of effective thermal conductivity coefficients.
The validity of relation (25) for all the values of Θ and ε confirms that the numerical
procedure presented in the paper is proper and can be successfully applied to the case
of digital images. What is most remarkable, the procedure formulated offers the possi-
bility of determining the size of RVE (for the case of thermal conductivity) with no
large number of numerical calculations – the numerical analyses like those of FE are
not necessary. Compared to other methods available in the literature, the one proposed
in this paper allows a high computational cost to be decreased.

REFERENCES

[1] DU X., OSTOJA-STARZEWSKI M., On the size of representative volume element for Darcy law in ran-
dom media, Proc. R. Soc. London A, 2006, Vol. 462, 2949–2963.

[2] FELLER W., An Introduction to Probability Theory and its Applications, Vol. I, 2nd Edition, John
Wiley and Sons, N.Y., 1961.

[3] GITMAN I.M., ASKES H., SLUYS L.J., Representative volume: existence and size determination, Engi-
neering Fracture Mechanics, 2007, Vol. 74, 2518–2534.



A. RÓŻAŃSKI, D. ŁYDŻBA68

[4] GRAHAM S., YANG N., Representative volumes of materials based on microstructural statistics,
Scripta Materialia, 2003, Vol. 48, 269–274.

[5] GRUFMAN C., FERNAND E., Determining a representative volume element capturing the morphology
of fibre reinforced polymer composites, Compos. Sci. Technol., 2007, Vol. 67, 766–775.

[6] GUSEV A., Representative volume element size for elastic composites: a numerical study, J. Mech.
Phys. Solids., 1997, Vol. 45, 1449–1459.

[7] JANKE W., Pseudo random number: generation and quality checks, Lecture Notes John von Neu-
mann Institute for Computing, 2002, Vol. 10, 447.

[8] JIAO Y., STILLINGER F.H., TORQUATO S., Modeling heterogeneous material via two-point correlation
functions. II. Algorithmic details and applications, Phys. Rev. E, 2008, Vol. 77(3).

[9] KANIT T., FOREST S., GALLIET I., MOUNOURY V., JEULIN D., Determination of the size of the repre-
sentative volume element for random composites: statistical and numerical approach, Int. J. Solids.
Struct., 2003, Vol. 40, 3647.

[10] KANIT T., N’GUYEN F., FOREST S., JEULIN D., REED M., SINGLETON S., Apparent and effective physi-
cal properties of heterogeneous materials: representativity of samples of two materials from food
industry, Comput. Methods Appl. Mech. Engrg., 2006, 195 (33–36), 3960–3982.

[11] KIRKPATRICK S., GELATT C.D., VECCHI M.P., Optimization by simulated annealing, Science, 1983,
Vol. 220, 671–680.

[12] LANTUÉJOUL C., Geostatistical Simulation Models and Algorithms, Springer, Berlin, 2002.
[13] POVIRK G.L., Incorporation of microstructural information into model of two-phase materials, Acta

Metal. Mater., 1995, Vol. 43 (8), 3199–3206.
[14] RÓŻAŃSKI A., Random composites: representativity, minimum RVE size, effective transport proper-

ties, PhD dissertation, Universite Lille 1, LML (UMR CNRS 8107), No. 40444, 2010.
[15] RÓŻAŃSKI A., ŁYDŻBA D., SHAO J.F., Numerical determination of minimum size of RVE for random

composite materials: two-point probability approach, Proceedings of the First International Sympo-
sium on Computational Geomechanics, COMGEO I, Juan les Pins, 2009.

[16] RÓŻAŃSKI A., ŁYDŻBA D., SOBÓTKA M., Numerical determination of effective transport properties
on the basis of microstructure digital images, Górnictwo i Geoinżynieria, 2010, Vol. 34 (2), 537–
552 (in Polish).

[17] STROEVEN M., ASKES H., SLUYS L.J., Numerical determination of representative volumes for
granular materials, Comput. Methods Appl. Mech. Engrg., 2004, Vol. 193, 3221–3238.

[18] THOMAS M., BOYARD N., PEREZ L., JARNY Y., DELAUNAY D., Representative volume element of
anisotropic unidirectional carbon-epoxy composite with high-fibre volume fraction, Compos. Sci.
Technol., 2008, Vol. 68, 3184.

[19] TORQUATO S., Random Heterogeneous Materials. Microstructure and Macroscopic Properties,
Springer-Verlag, New York, 2002.

[20] YEONG  C.L.Y., TORQUATO S., Reconstructing random media, Phys. Rev. E, 1998, Vol. 57, 495.
[21] YEONG C.L.Y., TORQUATO S., Reconstructing random media. II. Three-dimensional media from

two-dimensional cuts, Phys. Rev. E, 1998, Vol. 58, 224.
[22] ZEMAN J., SEJNOHA M., Numerical evaluation of effective elastic properties of graphite fiber tow

impregnated by polymer matrix, J. Mech. Phys. Solids., 2001, Vol. 49, 69.



<<
  /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


