
 409 – 415 ISSN 1641-8581 

 
Publishing House 
A K A P I T  

COMPUTER METHODS IN MATERIALS SCIENCE 
Informatyka w Technologii Materiałów 

 
Vol. 9, 2009, No. 4 

 
 
 

ELASTO-PLASTIC MATERIAL MODEL WITH DAMAGE 
PARAMETER IN METAL FATIGUE 

 
 

TOMASZ BEDNAREK1,2*, WŁODZIMIERZ SOSNOWSKI1,2, TOMASZ SZOLC1 
 

1Institute of Fundamental Technological Research of the Polish Academy of Sciences, 
02-106 Warszawa, ul. Pawińskiego 5b 

2 Kazimierz Wielki University, 85-064 Bydgoszcz, ul. Chodkiewicza 30 
*Corresponding Author: bednarek@ippt.gov.pl 

 
 

Abstract 
 

In this paper the numerical method for prediction of fatigue life of structure is presented. The finite element model-
ling and damage parameter calculation are based on the algorithm described originally by Chaboche (1987), Luccioni et 
al. (1996) and Oller et al. (2005). This algorithm is simplified, i.e. the Goodman relationships between the mean and 
stress amplitude are included. It is extended and applied for simulation of crack propagation in the rotor shaft. The mate-
rial constitutive model includes plastic effects and damage. The S–N fatigue functions taken from experiment are modi-
fied so as to be dependent on the real ratio between minimum and maximum stress in the critical zones. So the coupling 
between damage, plasticity and fatigue is taken into account. 
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1. INTRODUCTION 

Fatigue phenomena can be defined as a process 
of permanent and progressive degradation of the 
material under cycling loading. A progressive loss of 
material strength is localized and depends on the 
number of load cycles, stress amplitude, stress ratio. 
The loss of material strength can be interpreted as 
micro cracking (taking into account local plastic 
effects) which can evaluate to macro cracks and lead 
to final collapse of the structure. In this paper fatigue 
phenomena is modelled by damage mechanics ex-
tending the work of  Chaboche (1987) and Oller 
(2005). 

2. THERMODYNAMICAL BASICS 

The inelastic theories of damage and plasticity 
allow to solve mechanical problems with material 

behaviour beyond the elastic range, however they 
are not sensitive to cyclic load effects. Therefore the 
thermodynamic basics of inelastic material with 
fatigue damage parameter is here recovered. 

Generally, damage parameter d is a fourth order 
tensor (Cauvin & Testa, 1999). If we assume fully 
isotropic material behaviour the damage tensor d is 
reduced to a scalar value d. In spite of the simplifica-
tion of the nature of fatigue fracture, which is an 
anisotropic phenomenon, many authors apply iso-
tropic damage parameter (Luccioni et. al., 1996; 
Lemaitre, 1992).  

In this paper an constitutive model of an inelas-
tic material with isotropic fatigue damage parameter 
is introduced. The free Helmholtz energy Ψ can be 
divided into two independent parts: corresponding to 
the elastic material behaviour Ψe and another corre-
sponding to the plastic structure deformation Ψp. 
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where εij
e is the elastic part of the strain tensor and 

α, β are the internal material parameters correspond-
ing to plasticity and elasticity.  

The elastic part of the free energy, considering 
infinite small deformations and constant tempera-
ture, can be formulated as 
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where ρ is the material density, Cd
ijkl is the fourth 

order constitutive tensor which takes into account 
the evolution of the internal parameter β (Lemaitre, 
1992; Chaboche, 1987). Generally 

 0)( ijkl
d
ijkl CgC β= ,  (3) 

C0
ijkl is the constitutive fourth order tensor without 

influence of internal parameter β,  g(β) is the scalar 
transformation function (whose argument is, gener-
ally, a tensor) of constitutive pure material tensor 
C0

ijkl. Kachanov (1958), was the first, connected 
transformation function  g(·) with the degradation of 
the material ( d≡β ). He took advantage of empiri-
cal linear dependence 

 0)(   )( ijkl
d
ijkl CdDCdDdg −=⇒−= ,  (4) 

where D is the critical damage value and d describes 
the level of degradation of the pure material. If d=0 
the material is not damaged, and when d=D material 
strength is collapsed. Usually parameter D is taken 
as 1, in spite of fact that scientific researches indi-
cate that collapse of element may occur with much 
smaller value of parameter D (Szala, 1998). In this 
paper it is assumed that D=1.  

After substitution of equation (4) into equation 
(2) we obtain the formula of elastic part of the free 
Helmholtz energy with internal damage parameter 
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where Ψe0 is the elastic part of free energy without 
damage.  

The Clausius – Duhem inequality in energetic 
form can be formulated as follows 

 ( ) .01
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θ
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where (Sosnowski, 2003; Luccioni et al., 1996) 
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where η is the entropy , θ is the temperature and qi is 
the vector of heat flux. The material derivative of the 
free Helmholtz energy (derivation of equations (1) 
and (2)) is as follows 
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After substitution of equation (8) into equation (6) 
and making an assumption that d≡β  gives 
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The stress value in the damaged element can be 
calculated by a substitution of derivatives equation 
(5) into equation (7) 
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or 

 ,  (10b) 

where o
ijσ  is the stress in an undamaged element. 

The second thermodynamical law indicates, that 
inequality (6) must be satisfied. Ostrowska-
Maciejewska (1994) made an assumption, that ine-
quality (6) must be satisfy separately for mechanical 
and thermal parts. In that case inequality (6), which 
describes energy dissipation, can be divided into two 
parts: the mechanical one (plastic and damage dissi-
pation) and the thermal one (thermal dissipation):  

 0≥
∂
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−
∂
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−=Γ d
d

ep
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ijijm
&&& ρα

α
ρεσ  
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The process of fatigue damage evolution must 
satisfy conditions in equation (11). In the fatigue 
analysis of structures two kinds of energy dissipation 
have to be taken into account: plastic dissipation and 
dissipation which corresponds with fatigue degrada-
tion of material. When a change of temperature has 

o
ijij d σσ )1( −=
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influence in the process also thermal dissipation 
must be taken into account.  

 
Fig. 1. Yield – damage evolution surface. 

3. PLASTIC FUNCTION AND EVOLUTION 
OF DAMAGE IN FATIGUE ANALYSIS 

Elastic limit is described by the yield criterion 

 0),()(),( ≤−= ασσασ ijijij KfF   (12)  

where K(σij,α) is yield limit. 
The theory of plasticity establish that there exists 

a plastic potential. The scalar function G(σ) is the 
plastic potential for pε& . The flow law is (Sosnowski, 
2003; Ostrowska-Maciejewska, 1994) 

 0      where, >
∂
∂

= λ
σ

λε
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p
ij

G
& ,  (13) 

where λ is the scalar function. If we assume, that 
plastic potential G is identified with the flow func-
tion f, equation (13) will be the associated flow law  
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= λ
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In an analogy to the associated flow law, a mate-
rial fatigue strength limit can be build.  

,0),,(),()(),( ≤−= RNfdfdF aredijrijij
D σσσσσ

   (15) 

where σ  is the equivalent stress (i.e. Huber – von 
Mises stress) in the damaged element, fr is the fa-
tigue endurance limit and fred is the reduction of ma-
terial strength function. Reduction of the material 
strength function fred depends on the stress history 
(number of  cycles loading – unloading), amplitude 
of equivalent stress aσ  and the stress ratio R. Simi-
larly like in the case of theory of plasticity, an evolu-
tion of damage parameter is given by equation (Luc-
cioni et al., 1996; Lemaitre, 1992; Oller et al., 2005) 
 

 0    , ≥
∂

∂
= dFd

D
&&

σ
μ   (16) 

where μ has similar properties to λ. 
The described above mechanical and damage 

processes allows to define a fatigue limit surface. 
The fatigue limit surface, presented in figure 1, has 
taken into account the plastic effects of deforma-
tion. The process of degradation of material 
strength is limited by the fatigue limit surface 
and it allows to simulate propagation of fatigue 
damage during the load history.  

4. REDUCTION OF MATERIAL STRENGTH 
FUNCTION 

An analytical form of the fatigue strength func-
tion with respect of the number of cycles N and the 
stress ratio R is proposed. This work extends the 
work of Luccioni et al. (1996), Chaboche (1987) and 
Oller et al. (2005).  

[ ] [ ],10)()(),( )(log)( 10
βα NRthuth tRSSRSNRSN −−+= (17) 

where, for 1≤R  

 γ)5.05.0)(()( RSSSRS eueth +−+=  

 δαα )5.05.0()( RRt ++=   (18a) 

and for 1>R  

 γ)
2
15.0)(()(
R

SSSRS eueth +−+=  

 δαα )
2
15.0()(
R

Rt ++= . (18b) 

Su is the material tensile strength, α, β, γ, δ are 
the material parameters, Sth is the fatigue thresh-
old function depending on the endurance fatigue 
stress Se and the stress ratio R.  

A modification of the S – N function formulas 
developed by Oller et al. (2005) is done in order to 
lead to a full agreement of the presented method 
with the classical stress methods. The introduced 
correction also takes into account an influence of 
mean stress value σmed and the stress ratio R on fa-
tigue life of the structure in agreement with Good-
man’s concept (Marczewska et al., 2006). 
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In figure 2 the proposed S – N function is pre-

sented. The influence of the stress ratio R is shown. 
The bold points indicate fatigue threshold values 
calculated by Goodman’s concept. After transforma-
tion of equation (17) and substitution of the stress 
analysis result (i.e. FEM analysis introduced by 
Marczewska et al. (2006)) as ),( RNS≡σ , we 
obtain the fatigue life of the structure. Fatigue life is 
expressed as a number of cycles to failure. 
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The S – N curve determined by equation (17) 
and equation (19) allows to determine fatigue life of 
the structure where the load is characterized by con-
stant amplitude and constant stress ratio. It is ob-
served that in fatigue crack propagation consecutive 
material points are damaged (separated) along 

a crack. In order to describe evolu-
tion of fatigue crack authors intro-
duce a material strength reduction 
function, dNRfred −≡1),,(σ  
(Luccioni et al., 1996; Oller et al., 
2005). 
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where exponent m is the material 
brittleness measure. In figure 3 
reduction of material strength 
function for different parameters 
m is presented. 

The strength reduction func-
tion is identified with damage of 
material point 

dNRfred −≡1),,(σ , in that case 
equations (4) and (10) can be re-
written as  

   0),,( ijklred
d
ijkl CNRfC σ=   and 

     o
ijredij NRf σσσ ),,(= .  (21) 

Furthermore 

 u
red

ud SNRfS ),,(σ= , (22) 

where Sud is the damaged material strength. 

5. NUMERICAL EXAMPLE – DOUBLE DISK 
ROTOR SHAFT SYSTEM 

In the first step numerical calculations have been 
performed for the single-span rotor-shaft system 
with two heavy identical rotors of 2 kN of weight 
each located on the shaft between two journal bear-
ings, as shown in figure 4. The total length of the 
shaft system is 2.315 m. The bearing span is equal to 
1.6 m and the total weight of the considered rotor-
shaft system is 5.9 kN. In this system the transverse 
crack of depth ratio a/φ=0.1 is assumed in the shaft 
cross-section corresponding to the one-half of the 
bearing span, as shown in figure 4, where φ=0.12 m. 

The system dynamic response has been obtained 
for the range of system exploitation rotational speeds 
500÷12000 rpm. Dynamic analysis of cracked shaft 
was performed by continous-discrete one-dimensional 
hybrid model approach developed by Szolc et al. 
(2006). 

 
Fig. 2. The proposed S–N curve for different R values. 

 

 
Fig. 3. Proposed strength reduction function. 
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Fig. 5. Local model of the cracked shaft segment (Szolc et al., 
2006). 

 

 
Fig. 6. Evolution of the fatigue damage. 

The quantities of particular interest in these in-
vestigations are the lateral vibration displacements 
of the shaft at the heavy rotor locations, bending and 
torsional moments as well as the longitudinal force 
transmitted by the shaft cracked zone.  

The bending, torsional and axial loads in the form 
of time histories or amplitudes of dynamic forces and 
moments, obtained by means the one-dimensional 
hybrid model, are then included into the three-
dimensional FEM model to act here as quasi-static 
excitations. Thus, the left-hand edge of the shaft seg-

ment shown in figure 5 has 
been assumed clamped and the 
right-hand edge is loaded by 
the bending moments acting in 
the 0xy and 0xz planes, the 
torsional moment acting 
around the 0x axis, as well as 
by the axial force acting along 
the 0x axis. Such an approach 
enables us to determine the 
time- and space-varying stress 
distribution in the cracked shaft 

segment. This stress distribution is regarded here as 
an input data for fatigue life estimation for the con-
sidered rotor-shaft as well as for prediction of the 
crack propagation process. This task is solved using 
presented fatigue-damage mechanics concept incor-
porated into the finite element code FEAP developed 
by Taylor (1999) and supplemented by the 
Marczewska et al. (2006). The material parameters 
are as follows: Young’s modulus E = 210 GPa and 
Poison’s ratio v = 0.3, the saturation flow stress corre-
sponding to the material ultimate stress defining its 
static strength Su = 520 MPa and the threshold stress 
is equal to Sth = 260 MPa. 

The considered rotational speeds of the shaft 
(see table 1) correspond to the resonance frequencies 
of the rotor-shaft system, except 6000 rpm which is 
an operational speed. The fatigue analysis of the 
rotor-shaft system was carried out on the local 
model of the faulty shaft segment presented in figure 
5. The local model is a short slice of the faulty shaft 
and it is modelled using 3D hexahedral finite ele-
ments. The left-hand side end of the faulty shaft 
segment was fully constrained. On the opposite 
right-hand side of this segment end the external dy-
namic load was imposed (see table 1). 

The fatigue life of the shaft system was calcu-
lated by equation (19). In the case of the first three 
rotational speeds (3972 rpm, 6000 rpm and 7944 
rpm) this kind of a crack does not involve prematu-
ral fatigue collapse. The stress level in the crack tip 
is below the material fatigue limit. The rotational 
speed 9990 rpm is a critical value for this kind of 
crack. A time of its duration is very short and it 
amounts about 3 min. The rotational speed 9990 rpm 
significantly exceeds the nominal operational speed 
of this rotor-shaft system. Additionally, then this 
rotor-shaft system would operate under resonant 
conditions.  

 

 
Fig. 4. Model of the two–bearing cracked rotor–shaft system (Szolc et. al., 2006). 
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A simulation of fatigue crack propagation was 

also performed. The consecutive phases of crack 
increment are presented in figure 6. In the initial 
time period of operation, i.e. between 0 and 20 000 
cycles, the speed of crack propagation is relatively 
small. A further operation leads to an increase of the 
crack propagation speed. After the overflow value of 
30 500 cycles the crack grows unstably.  

6. CONCLUSIONS 

− A fatigue model based on continuum mechanic 
with its general expressions for the elasto-
plastic-damage constitutive equations, sensitive 
for cyclic loads, has been presented. 

− Damage mechanics in fatigue analysis allows to 
take into account interactions between elastic 
and plastic material behaviour. 

− Effective numerical tool based on the FEM pro-
gram to fatigue analysis of structures was devel-
oped.  

− Knowledge about localization, direction and 
propagation speed of fatigue crack allows to im-
prove the structure. 

− It is possible to extend presented constitutive 
equations by thermal fatigue. 
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Table 1. Vibration amplitudes of inertial forces in cracked rotor-shaft system (Szolc et. al., 2006). 

rotational speed 3972 rpm 6000 rpm 7944 rpm 9990 rpm 

form of the eigenvector 
 

bending 
form design speed 

 

bending 
form  

torsional 
form 

ampl. of the bending moment in 
vertical plane 100 [Nm] 220 [Nm] 340 [Nm] 740 [Nm] 

ampl. of the bending moment in 
horizontal plane 95 [Nm] 210 [Nm] 370 [Nm] 730 [Nm] 

ampl. of the torsional moment 100 [Nm] 13 [Nm] 200 [Nm] 11.5 [Nm] 

ampl. of the longitudinal force 50 [N] 145 [N] 205 [N] 590 [N] 

fatigue life below fatigue limit below fatigue limit below fatigue limit 30999 rot., 
~3 min of work 
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SPRĘŻYSTO-PLASTYCZNY MODEL MATERIAŁU 

Z USZKODZENIEM W ANALIZIE ZMĘCZENIOWEJ 
METALI 

Streszczenie 
 
W pracy zaproponowano metodę oceny trwałości zmęcze-

niowej konstrukcji przy pomocy metody elementów skończo-
nych oraz sprężysto-plastycznego modelu materiału z izotropo-
wym parametrem uszkodzenia. Sformułowano prawa konstytu-
tywne dla materiału na podstawie teorii plastyczności i mecha-
niki uszkodzeń wykorzystując wyniki prac Chaboche’a (1987), 
Luccioni’ego i innych (1996), Ollera i innych (2005) oraz wła-
sne, uproszczone modele obliczeniowe (Marczewska et al., 
2006). Zaproponowano analityczną postać krzywej zmęczenio-
wej dla stali z uwzględnieniem współczynnika asymetrii cyklu 
obciążenia oraz funkcję degradacji materiału związaną ze zmę-
czeniem. Parametry materiałowe dopasowano do rzeczywistych 
badań eksperymentalnych. Opracowany algorytm obliczeń 
wykorzystano do symulacji procesu pękania zmęczeniowego 
wału maszyny wirnikowej. 
 
 

Received: September 25, 2008 
Received in a revised form: March 19, 2009 

Accepted: May 12, 2009 
 



<<
  /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
  /CreateJDFFile false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
    /POL <>
  >>
  /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


