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Abstract 
 

Exploring possibilities of modelling deformation of TRIP steel during manufacturing of fasteners was the objective of 
the paper. Homogenised flow stress model for the investigated steels was determined first on the basis of compression 
tests. Inverse analysis was applied to eliminate the effect of friction and deformation heating in compression. Possibility 
of prediction of local strains and stresses accounting for the TRIP effect was investigated next. Representative Volume 
Element (RVE) and Statistically Similar Representative Volume Element (SSRVE) with TRIP microstructures were de-
veloped and subjected to deformation. Transformation of the retained austenite into martensite was simulated. Computing 
costs of the RVE and SSRVE were compared and it was shown that they are an order of the magnitude lower for the lat-
ter. The SSRVE based micro model, which can be attached to the FE code which simulates forging of fasteners, is the 
main output of the paper. 
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1. INTRODUCTION 

A long-standing ambition for steel product man-
ufacturers has been to develop a class of steels 
where both ductility and strength can be simultane-
ously improved. This improvement in modern car-
bon steels is obtained by a combination of soft fer-
rite with hard constituents like bainite, martensite 
and retained austenite (Kuziak et al., 2008). In this 
group of steels, transformation-induced plasticity 
TRIP-assisted steels are particularly appealing. TRIP 
steels are a class of multiphase steels that exhibit a 
good combination of strength and ductility. This 
unique characteristic is attributed to the presence of 
a metastable retained austenite (RA) in the micro-
structure at room temperature. Upon applied thermal 
and/or mechanical loadings, the retained austenite 
may transform into a harder martensitic phase, 
which may increase the effective strength of the 
material. In addition, transformation from austenite 
to martensite is accompanied by shape and volume 

changes, which are accommodated by local plastic 
deformations in the surrounding phases, creating the 
so-called “TRIP-effect” (Iwamoto, 2008; Davut, 
2013). The additional plastic deformation due to the 
transformation increases the effective work-
hardening of the material. In comparison to similar 
steels that contain no retained austenite in their mi-
crostructure, e.g., dual-phase (DP) steels, TRIP 
steels have a similar ultimate strength, but exhibit a 
significantly higher ductility. 

Problem of deformation of TRIP steels has been 
thoroughly researched during last two decades. Per-
lade et al. (2003) proposed mean field physically 
based model for TRIP-aided carbon steels. Ad-
vanced mechanical models were created by Per-
dahcioglu and Geijselaers (2015). Authors of (Pa-
patriantafillou et al., 2004) treated TRIP steels as 
composite materials with a ferritic matrix containing 
bainite and retained austenite, which gradually trans-
forms into martensite. The effective properties and 
overall behaviour of TRIP steels are determined by 
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using homogenization techniques for non-linear 
composites. Homogeneization was applied to devel-
op a methodology for the numerical integration of 
the resulting elastoplastic constitutive equations in 
the finite element (FE) method. Problem of coupling 
between plasticity and martensitic phase transfor-
mation has been treated by Cherkaoui (2000). Many 
more papers dealing with deformation of TRIP steels 
and TRIP effect were published and comprehensive 
review was done in (Fonstein, 2015). The objectives 
of the present paper were formulated having in mind 
a model with prospective application to industrial 
forging process of fasteners. These objectives were 
twofold. The first was identification of the conven-
tional model with coefficients determined on the 
basis of compression tests performed on Gleeble 
3800. This model was applied in simulations of pri-
mary forming processes in the manufacturing chain. 
The second objective was development of the micro 
model of the TRIP effect, using SSRVE (Statistical-
ly Similar Representative Volume Element) ap-
proach (Schroeder et al., 2011). This model when 
attached to the FE code will have capability to pre-
dict local properties (hardness) accounting for the 
TRIP effect. In the present paper an attempt was 
made to develop SSRVE for the TRIP steel using the 
methodology, which was successfully applied by 
Rauch et al. (2011) to represent Dual Phase (DP) 
microstructure. It appeared that the quality of the 
micrographs was not satisfactory to distinguish and 
reproduce unambiguously ferrite, bainite, retained 
austenite and martensite. Therefore, artificial genera-
tion method was used in the present paper to develop 
SSRVE for a TRIP steel. 

2. LOW-ALLOYED TRIP STEELS 

The term ”TRIP steel” actually covers a wide 
range of steels containing a meta-stable austenite 
phase, which can be present in room temperature 
microstructure of both high and low alloyed steels 
(Davut, 2013; Fonstein, 2015). Typical microstruc-
ture of an undeformed low-alloyed TRIP steel is 
composed of ferrite, bainite, metastable retained 
austenite and potentially martensite. Intercritical 
ferrite is the most dominant phase since it occupies 
up to 80% of the microstructure. Ferrite has a body-
centred cubic (BCC) lattice and it is the softest phase 
among the constituent phases. The size of ferrite 
grains in a typical TRIP steel is in the range of 5 − 
10 μm (Furnemont et al., 2002). Unlike ferrite, 
a typical bainite is not a single-phase constituent and 

it consists of fine platelets of ferrite that form and 
cementite (Fe3C) that precipitates in-between and/or 
inside the ferrite platelets. In general, bainite is 
harder than intercritical ferrite due to its finer struc-
ture as well as the presence of carbide precipitations. 
Due to presence of the silicon, the bainite in TRIP 
steels is essentially carbide-free and is referred to as 
”bainitic ferrite”, which is not exactly the same as 
the typical bainite (Bhadeshia and Christian, 1990). 
Mechanisms contributing to development of the 
microstructure in the Si-containing bainitic steels are 
described well by Guo et al. (2017). In the present 
paper in the SSRVE bainite is treated as an uniform 
phase with homogenized properties. 

Retained austenite is the key constituent of the 
TRIP steel microstructure. It is a meta-stable phase 
at room temperature. Carbon enrichment and the 
constraining effect from neighbouring grains stabi-
lize austenite at room temperature. Due to the 
strengthening effect of carbon, the strength of re-
tained austenite in TRIP steels is generally higher 
than that of the ferrite. Occasionally, the initial TRIP 
steel microstructure can contain a small fraction of 
martensite, that forms when the austenite is rapidly 
cooled.  

As it has been mentioned in the introduction, the 
unique mechanical properties of TRIP steels are 
attributed mainly to the presence of the metastable 
retained austenite phase in the room temperature 
microstructure. During deformation the retained 
austenite can transform into a harder martensite, 
which would increase the effective strength of the 
material. The plastic strain appears first in the soft 
phase and the harder phase can maintain its ductility 
until the later stages of overall deformation. Repro-
ducing these phenomena in the SSRVE was one of 
the objective of the present paper. 

3. EXPERIMENT 

Experiments were performed on the Gleeble 
3800 thermomechanical simulator in the Institute for 
Ferrous Metallurgy in Gliwice. Two steels with 
chemical composition in Table 1 were tested. Dif-
ference between the steels was mainly in the silicon 
content. Each steel was prepared in the form of la-
boratory heat (marked L in the paper) and in the 
form of samples taken from the production (marked 
P in the paper). The samples measuring φ5×7 mm 
were deformed at temperatures 20, 100, 200 and 
300oC and at strain rates 0.1, 1 and 10,  s-1. The total 
strain measured as the height reduction was ε = 1 (ε 
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= ln(h1/h2), where h1, h2 – height of the sample be-
fore and after the test). Load vs. displacement data 
were monitored at each test. Beyond this, surface 
temperature of the sample was measured. Selected 
examples of the registered loads are shown in Fig. 1. 
It is seen in this figure that the effects of strain rate 
and temperature are small. Beyond this the strain 
rate sensitivity is reverse, the loads decrease with 
increasing strain rate. Fig. 2 shows comparison of 
loads measured for various steels. These plots show 
that differences between various materials are negli-
gible. The results for the strain rate of 0.1 s-1 only 
are presented but similar results were obtained for 
other strain rates. 

Table 1. Chemical composition of the investigated steels, wt%. 

Steel C Mn Si P S Cr 

A 0.08 1.44 0.847 0.008 0.019 0.03 

B 0.18 1.39 0.228 0.011 0.008 0.03 

 
 

4. INVERSE ANALYSIS 

Inverse analysis was used to determine the real 
flow stress corrected against the effect of friction 
and deformation heating in the plastometric tests. 
The latter is particularly important, what is con-
firmed by plots in figure 3, where measurements of 
the temperature are shown. It is seen that in fast tests 
an increase of the temperature exceeds 100oC. 

The inverse algorithm proposed by Szeliga et al. 
(2006) and described in detail in (Pietrzyk et al., 
2015) was used. The flow stress values correspond-
ing to the subsequent strains were determined using 
optimization techniques. The quadratic norm of the 
error between measured and calculated compression 
loads was used as the objective function: 

 

2

1 1

1 1
m cNt Ns

ij ij

m
i j ij

F F

Nt Ns F= =

  −
 Φ =      

   (1)  

 a)  b) 

            

 c)  d) 

            
Fig. 1. Selected example of the registered loads for the laboratory heat (L) of the steel A, strain rate 0.1 s-1 (a) and different tempera-
tures: 20oC (b), 200oC (c) and 300oC (d) and different strain rates. 
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Fig. 3. Temperatures measured during the tests. 

where: m
ijF , c

ijF  – measured and calculated load,  

Nt – number of tests, Ns – number of load measure-
ment sampling points in one test, Φ – quadratic 
norm of the error. For each iteration of the optimiza-

tion procedure: coefficients of the flow curve equa-
tions were adjusted, simulation was performed and 
calculated compression loads were compared with 
the experimental values. 

Due to the influence of friction and deformation 
heating application of the inverse analysis of the 
plastometric tests is an inevitable condition of ob-
taining realistic flow stress data. Selected results of 
the analysis for the laboratory heat of the steel A are 
shown in figure 4. The curves in this figure represent 
flow stress as a function of true strain, which were 
obtained in a tabular form. This relation can be con-
sidered a property of material for isothermal, con-
stant strain rate conditions. The obtained functions 
introduced in the finite element program together 
with correction for variations of temperature and 
strain rate will give perfect agreement between 
measured and predicted loads.   

 a)  b) 

            

 c) d) 

            
Fig. 2. Selected examples of comparison of the registered loads for steels A and B at various states, strain rate 0.1 s-1 and different 
temperatures. 
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a) 

  

b) 

  

c) 

 
Fig. 4. Flow stress as a function of true strain for the laboratory 
heat of the steel A, true strain rates 0.1 s-1 (a), 1 s-1 (b) and  
10 s-1 (c). 

The same results presented for one temperature 
and different true strain rates are shown in figure 5. 
Analysis of all results sows that the flow stress de-
creases noticeably when temperature increases from 
the room temperature to 100oC. Further increase of 
the temperature has small effect. Influence of the 
strain rate is negligible and inconsistent. Therefore, 

the second part of the inverse analysis was per-
formed and coefficients in the equation describing 
the flow stress were the design variables in the opti-
mization.  

The equation proposed by Hensel-Spittel (1970) 
was used as the flow stress model: 

 ( ) ( )σ αε ε ε β= −exp expn m
p q T  (2)  

where: ε – effective true strain, T – temperature in 
oC, α, n, q, m, β  - coefficients, which were deter-
mined using the inverse analysis. 

For the laboratory heat of the steel A the optimi-
zation yielded the following valued of coefficients: 
α = 1108, n = 0.193, q = 0,  m = 0, β  = 0.0000437. 
Inverse analysis for the remaining steels showed that 
only coefficient A changed slightly and the follow-
ing values were obtained: for the production samples 
of the steel A α = 1063.7, for the laboratory heat of 
the steel B α = 1227.3 and for the production sam-
ples of the steel B α = 1194.4. These coefficients 
mean that on average, the materials does not show 
strain rate sensitivity and very weak dependence on 
the temperature. Equation (2) with optimal coeffi-
cient could be used in the FE simulation of the pri-
mary forming processes in the manufacturing chain. 
Since plots of the flow stress calculated from equa-
tion (2) with optimal coefficients coincide with the 
plots obtained in the tabular form from the first step 
of the inverse analysis, they are not shown in the 
paper. 

5. RVE AND SSRVE 

5.1. Representation of the TRIP microstructure 
 

Using microstructure in calculations in explicit way 
is always computationally costly due to the necessity 
of applying very fine mesh to obtain reliable dis-
cretization of the surface. This is a reason why often 
Representative Volume Elements (RVE) are used. 
An usual RVE is determined by the smallest possi-
ble sub domain, which is still able to represent the 
macroscopic behaviour of the material. In the micro-
macro modelling approach a RVE representing the 
underlying microstructure is attached at each Gauss 
point of the macroscopic solution. The constitutive 
law describing material behaviour in the macroscale 
is obtained by averaging the first Piola-Kirchoff 
stresses with respect to the RVE.  
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Analysis of the computing costs showed that that 
RVE simulations with the TRIP effect are still not 
effective. Although the RVEs are the smallest possi-
ble by a definition, they still can be too complex for 
the efficient calculations, in particular when mul-
tiscale approach is applied. Therefore, the construc-
tion of statistically similar RVE (SSRVE), which is 
characterized by a lower complexity than the small-
est possible substructure, was proposed as a second 
alternative in this paper.  

The theoretical basis of the micro-macro model-
ling is well described in the scientific literature, e.g. 
(Schroder et al., 2011) and it is not repeated here. 
The focus is on the development of the simple 
SSRVE, which will allow to decrease the computing 
costs and will make micro-macro modelling ap-
proach more efficient.  

 
5.2. Construction of the SSRVE 

 
Schematic illustration of the TRIP steel micro-

structure is shown in Fig. 6a.The basic idea of the 

SSRVE is to replace a RVE with an arbitrary com-
plex inclusion morphology by a periodic one com-
posed of optimal unit cells. This idea was proposed 
by Schroeder et al. (2011). Authors of the present 
paper developed an algorithm based on shape coeffi-
cients described in (Rauch et al., 2011), where it was 
used to the analysis of the DP steel microstructures. 
The parameters, describing fraction of different 
phases and their geometrical characteristics, which 
form a group of the most important parameters, were 
applied by Rauch et al. (2011). An attempt to use 
this approach for the TRIP steels was made in the 
present paper but due to not satisfactory quality of 
micrographs the results were unambiguous. There-
fore, in order to test and validate the micro model, 
SSRVE was generated artificially for the typical 
phase composition of the TRIP steel containing fer-
rite (~40%), bainite (~40%), martensite (~10%) and 
residual austenite (~10%), as shown schematically in 
Fig. 6b.The volume fractions of phases were the 
only criterion in optimization. This SSRVE was 
subjected to deformation in compression. 

 a) b) 

             

 c) d) 

           
Fig. 5. Flow stress as a function of true strain for the laboratory heats of the steel A at 20oC (a), 100oC (b), 200oC (c), 300oC (d), and 
true strain rates 0.1 s-1, 1 s-1 and 10 s-1. 
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a) 

  

b) 

 
Fig. 6. Schematic illustration of the TRIP steel microstructure 
(a) and artificially generated SSRVE.  

5.3. Deformation 
 
Before forging hot rolled steel rods are subjected 

to cold drawing first. The objective is to improve 
surface quality and to reduce variations of the diam-
eter. Macro scale simulations of the drawing process 
were performed using finite element (FE) method 
and SSRVE representing TRIP microstructure was 
attached to the flow lines in the deformation zone, as 
it is shown by Konstantinov et al. (2015). An image 
of the TRIP microstructure shown in Fig. 6b was 
used to perform the micro scale simulation. A bina-
rized image of the microstructure was covered with 
a FE mesh with 12000 linear quadrilateral elements 
using Abaqus standard library. 10% displacement 
boundary condition was applied on a top tool part. 
Position of bottom tool was fixed entire whole simu-
lation. Frictionless mechanical contact between arti-
ficial tools and microstructure was used. The rheo-
logical model was elastoplastic. Flow stress curves 
for the phase components proposed by Papatrianta-
fillou (2005) are presented in figure 7. 

 
Fig. 7. Flow curves for phase components.  

a) 

  

b) 

 
Fig. 8. RVE (a) and SSRVE (b) with TRIP microstructure.  
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 a) b) 

            

 c) d) 

            

 e) f) 

            

 g) h) 

            
Fig. 9. Calculated shapes of islands of retained austenite (blue) and martensite (red) in the RVE after the strain of 5E-06 (a), 6E-04 (b), 
0.0036 (c), 0.016 (d), 0.0357 (e), 0.076 (f), and 0.12 (g), enlarged single martensite island, 12x12μm sample (h) 
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The strain-induced transformation effect has 
very well been studied for metastable austenite stain-
less steels and for TRIP steels, see for example 
(Murr, 1987). An empirical formula for the strain 
induced transformation effect in multiphase steel has 
been proposed in (Goel et al., 1985; Wiewiórowska, 
2010. The mechanical stability of the austenite has 
been also studied by Ludwigson and Berger (1969) 
and the following experimentally found mathemati-
cal relation was used in this paper: 

 
0 0

1 1 B

RA RA RA

A

F F F

ε− =  (3)  

where: FRA0, FRA – initial and current volume frac-
tion of residual austenite in the TRIP steel micro-
structure, respectively, A – a constant representing 

the propensity to transform, B – the autocatalytic 
transformation index., ε – strain. 

In publication (Wei et al., 2002) material param-
eters A and B in equation (3) were determined exper-
imentally for very low strain rates and for dynamic 
conditions. In the present paper linear relation of A 
and B on logarithm of the strain rate was assumed 
and values obtained by Wei et al. (2002)were inter-
polated by the following functions of the strain rate: 

 
( )

( )
9.697 1.5386 lg

0.775 0.05746lg

A

B

ε
ε

= +

= +




 (4)  

In order to validate this approach numerical sim-
ulations of deformation of the TRIP microstructure 
were performed. RVE with TRIP microstructure was 
developed first and was subjected to deformation by 

a) b)  

 
 

 

 

 

 
 

Fig. 10. Effective stress distribution (top) and effective strain distribution (bottom) during RVE deformation without TRIP effect (a) and 
with TRIP effect (b). 

a b c d  

   

 

Fig. 11. Calculated shapes of islands of retained austenite (blue) and martensite (red) in the SSRVE after the strain of 0.0202 (a), 0.017 
(b), 0.03 (c), 0.38  (d). 
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compression to the strain of 0.15 with the average 
strain rate of 9.06×10-3 s-1. In this approach the RVE 
with the microstructure shown in Fig. 8a containing 
50% of ferrite (white), 20% of bainite (green), 10% 
of martensite (black) and 20% of retained austenite 
(red) was investigated. The size of the RVE was 
1500×1500 μm. The fully coupled model was used. 
Results showing martensite and retained austenite at 
various stages of deformation are presented in Fig. 
9. 

Further numerical tests included simulation of 
the RVE shown in Fig. 8a accounting for the TRIP 
effect and neglecting it. Results of these simulations 
are presented in Fig. 10. It is seen that accounting 
for the TRIP effect has noticeable influence on stress 
and strain distribution in the deformation zone. 

By using this methodology, simple, periodic unit 
cell, which reflects the behaviour of the source TRIP 
microstructure, was obtained (Fig. 8b). SSRVE cell 
was generated inside optimization procedure where 
selected features of source RVE image and artificial 
cell were compared. Non-uniform rational B-spline 
(NURBS) were used for grains representation due to 
proven high geometry modelling capabilities and 
low computational cost. Deformation of the statisti-
cally similar representative element with the TRIP 
microstructure was simulated and the results are 
presented in figure 11.  

Computing times for different approaches were 
compared and the following results were obtained 
for the processor Intel Core i7 6700K when 8 Cores 
were used: 
− RVE – without the TRIP effect: 1414 s 
− RVE – with the TRIP effect: 15385 s  
− SSRVE – with the TRIP effect: 1732 s 

6. DISCUSSION OF RESULTS AND 
CONCLUSIONS 

In the first approach the flow stress model for 
the investigated steels was determined on the basis 
of the inverse analysis for the compression tests. In 
order to analyse local material behaviour accounting 
for the TRIP effect, an attempt of simulation of the 
steel sample with the TRIP microstructure was per-
formed. This microstructure was reproduces in the 
RVE and in the SSRVE. Motion of the interface 
between retained austenite and progressing marten-
site was simulated. The following conclusions were 
drawn on the basis of analysis of numerical results:  
− Flow stress model developed on the basis of 

compression tests can be used for simulation of 

primary forming processes in the manufacturing 
chain for fasteners (drawing). Inverse analysis of 
the compression tests showed negligible sensi-
tivity of the investigated steels to the strain rate 
and temperature. 

− Accounting for the TRIP effect has an influence 
on the character of the local distribution of 
strains and stresses. 

− Application of the statistically similar repre-
sentative element allowed to decrease compu-
ting costs significantly. 

− SSRVE with the TRIP microstructure, when 
attached to the FE code for simulation of finish-
ing forming operations (eg. rolling of the 
thread), would be capable to predict local prop-
erties of the product accounting for the trans-
formation of the retained austenite into marten-
site. 
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NUMERYCZNY MODEL ODKSZTAŁCENIA NA ZIMNO 

STALI TRIP 

Streszczenie 
 
Głównym celem artykułu było zbadanie możliwości modelo-

wania odkształcenia stali TRIP w procesie wytwarzania elemen-
tów złącznych. W pierwszej kolejności wyznaczono zhomogeni-
zowane naprężenie uplastyczniające badanych stali wykorzystując 
wyniki prób ściskania. W celu wyeliminowania wpływu tarcia 
i zamiany pracy odkształcenia na ciepło zastosowano analizę 
odwrotną. W drugiej części pracy badano możliwości przewidy-
wania lokalnych odkształceń i naprężeń z uwzględnieniem efektu 
TRIP w stali. Skonstruowano reprezentatywny element objętości 
(REO) i statystycznie podobny reprezentatywny element objętości 
(SPREO) z mikrostrukturą TRIP. Te elementy zostały poddane 
odkształceniom w temperaturze otoczenia. W trakcie odkształce-
nia modelowano transformację austenitu szczątkowego w marten-
zyt. Porównano koszty obliczeń dla REO i SPREO i wykazano, że 
dla SPREO są one o rząd wielkości mniejsze. SPREO z mikro-
strukturą TRIP, który może zostać zaimplementowany w modelu 
MES symulującym kucie elementów złącznych, jest głównym 
wynikiem pracy. 
 

Received: December 20, 2017 
Received in a revised form: January 31, 2018 

Accepted: February 18, 2018 

 



<<
  /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


