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Abstract: Hot plane strain compression tests of 6013 aluminum alloy were conducted within the temperature range of 613−773 K 
and the strain rate range of 0.001−10 s−1. Based on the corrected experimental data with temperature compensation, Kriging method 
is selected to model the constitutive relationship among flow stress, temperature, strain rate and strain. The predictability and 
reliability of the constructed Kriging model are evaluated by statistical measures, comparative analysis and leave-one-out 
cross-validation (LOO-CV). The accuracy of Kriging model is validated by the R-value of 0.999 and the AARE of 0.478%. 
Meanwhile, its superiority has been demonstrated while comparing with the improved Arrhenius-type model. Furthermore, the 
generalization capability of Kriging model is identified by LOO-CV with 25 times of testing. It is indicated that Kriging method is 
competent to develop accurate model for describing the hot deformation behavior and predicting the flow stress even beyond the 
experimental conditions in hot compression tests. 
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1 Introduction 
 

Al−Mg−Si alloys have been extensively studied 
because of their superior yield strength and ultimate 
tensile strength obtained by precipitation hardening. 
6013 Al alloy developed by Alcoa is one potential 
substitute for the 2024 alloy [1]. It has been widely used 
in aircraft structures and transportation industry because 
of the high specific mechanical properties [1,2]. In 
practical manufacturing process, hot forming has been 
extensively performed on alloys, such as converting a 
cast ingot into a wrought product [3]. Constitutive 
relationship is a mathematical representation for 
describing the dependence of flow stress on the coupled 
influences of temperature, strain rate and strain. 
Modeling the constitutive relationship of a given alloy is 
significant for designing the hot deformation process and 
optimizing the microstructure and mechanical properties 
of its final products [4]. Numerous efforts have been 
devoted to finding out the effective way to build the 

accurate constitutive model [4−7]. Several classifications 
of constitutive models, such as physical-based, 
phenomenological and empirical model, have been 
proposed to date. However, the applications of these 
constitutive models are limited by their own drawbacks. 
For the physical-based models, a large number of 
material constants are difficult to obtain, which 
inevitably impose serious constraints on their practical 
applications [5]. The phenomenological and the 
empirical constitutive models are unreliable to predict 
the flow stress beyond experimental conditions, as the 
modeling process is merely on the basis of specific 
deformation mechanisms [8,9]. Moreover, the 
development of modeling material flow behavior in the 
conventional way is usually time consuming and relies 
on amounts of experimental data. Therefore, the research 
work for searching the new modeling methods has 
obtained great attention. 

The deformation behaviors of alloys at elevated 
temperature are always associated with various 
metallurgical phenomena and thereby complicated in 
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nature. That is, modeling the constitutive relationship is 
substantially solving highly complex non-linear 
engineering problems. In the previous work, artificial 
neural network (ANN) was widely employed as a novel 
approach to deal with this type of non-linear    
problems [8−11]. ANN is actually one type of 
metamodeling method which is a valuable tool to support 
a wide scope of activities in the modeling process for 
engineering design [12]. Besides ANN, some other types 
of metamodeling method were maturely developed in the 
past, such as Kriging method, multivariate polynomial 
method and radial basis function method [13]. Among 
them, Kriging method is the most popular approach to 
model the low-dimensional non-linear problems for its 
high accuracy and efficiency [12]. Comparing with other 
methods like ANN, the important advantage of Kriging 
method in application is the lower demand in the amount 
of modeling data [14]. Therefore, the new application of 
Kriging method may be a significant attempt in 
effectively modeling the hot deformation behavior of 
alloys. 

The objective of the present work is to investigate 
the applicability and effectiveness of Kriging method in 
modeling the constitutive relationship of 6013 aluminum 
alloy during hot deformation. The hot plane compression 
tests for simulating hot rolling process, were carried out 
on Gleeble−3500 thermo mechanical simulator to obtain 
the flow stress data. Considering deformation heating 
integrated with heat transfer, the experimental flow stress 
data are corrected at relatively high strain rates. Based on 
the experimental and corrected data, Kriging method is 
utilized to model the flow behavior, and the performance 
of the developed Kriging model is evaluated by 
statistical measures, comparative analysis and leave-one- 
out cross-validation (LOO-CV). 

 
2 Experimental 
 
2.1 Materials and experimental procedure 

The chemical composition of the commercial 6013 
aluminum alloy in this work was as follows: 0.95 Mg, 
0.75 Si, 0.9 Cu, 0.35 Mn (mass fraction, %) and Al 
balance. The cast ingot was processed by homogenizing 
at 813 K for 15 h and then water quenched. The 
specimens with dimensions of 20 mm × 15 mm × 10 mm 
were machined from the cast ingot for test. The hot plane 
strain compression tests were carried out using 
Gleeble−3500 thermo mechanical simulator at five 
different temperatures (613, 653, 693, 733 and 773 K) 
and five different strain rates (0.001, 0.01, 0.1, 1, and  
10 s−1). The specimens were heated to the deformation 
temperature at a rate of 10 K/s and held for 120 s to 
eliminate thermal gradient before compression, and the 

experimental procedure is shown in Fig. 1. All the 
specimens were compressed to a true strain of 0.8. In 
order to minimize the frictions between specimens and 
press indenters, the ends of specimens were covered by 
graphite lubricant. 
 

 
Fig. 1 Experimental procedure for hot plane strain compression 
tests 
 
3 Results 
 

The true stress−true strain curves obtained from 
tests are shown in Fig. 2. The flow stress is greatly 
influenced by temperature and strain rate. The yield 
stress increases with the decrease of temperature and the 
increase of strain rate. During the deformation process, 
the work hardening and the flow softening occur 
simultaneously. At first, the flow stress rapidly increases 
due to work hardening. After reaching the peak stress, 
the flow stress gradually decreases into a steady-state 
stress level, showing the characteristic of flow softening. 

Up to now, it has been accepted that the 
experimental data measured directly from the tests are 
always affected by the temperature rise induced by 
deformation heating [6,15,16]. The temperature rise of 
specimen undoubtedly leads to the experimental flow 
stress being lower than the actual one. Moreover, the 
heat transfer, which occurs among the deformed region, 
the undeformed region and the press indenter during hot 
plane strain compression, would significantly affect the 
temperature rise. In order to compensate the effect of the 
temperature rise, the experimental flow stress needs to be 
corrected based on the coupled influences of deformation 
heating and heat transfer. Considering these coupled 
influences, the temperature rise ΔT (K) of the deformed 
region of specimen can be calculated according to the 
law of energy conservation [16]: 
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Fig. 2 Experimental and corrected flow stress curves of 6013 aluminum alloy under different deformation conditions:            
(a) ε =0.001 s−1; (b) ε =0.01 s−1; (c) ε =0.1 s−1; (d) ε =1 s−1; (e) ε =10 s−1 
 
where η0 is the deformation energy conversion rate, Vdef 
is the volume of the deformed region (m3), ε is the true 
strain, σ is the true stress (MPa), η1 and η2 are the 
correction factors of heat transfer, S1 is the contact area 
between the deformed region and the press indenter (m2), 
S2 is the contact area between the deformed and the 
undeformed region of the specimen (m2), h is the contact 
heat exchange coefficient between the specimen and the 
press indenter (W·m−2·K−1), λ is the thermal conductivity 
of the alloy (W·m−1·K−1), t is the time of the heat transfer 
process (s), d is the specimen thickness in the direction 

perpendicular to the contact surface (m), ρ is the density 
of alloy (kg·m−3), and C is the specific heat capacity 
(J·kg−1·K−1). 

The stress decrease Δσ (MPa) due to the 
temperature rise is usually calculated by [15,16]  

⎟
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where Q is the activation energy for hot deformation 
(kJ·mol−1), n and α are the material parameters, R is the 
mole gas constant (J·mol−1·K−1), T is the preset 
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temperature (K). 
Based on Eqs. (1) and (2), the experimental flow 

stress data at 1 s−1 and 10 s−1 can be corrected, and the 
results are shown in Fig. 2. It can be seen that the 
corrected flow stress is higher than the experimental one. 
This also indicates that the temperature rise has a more 
significant effect on experimental flow stress at higher 
strain rates. The effect at relatively low strain rates ( ε ≤ 
0.1 s−1) is not considered in this work. 
 
4 Application and assessment of Kriging 

method in constitutive modeling 
 
4.1 Modeling foundation and preparation 

The Kriging method, which was originated from the 
geostatistics community [17], was proposed by SACKS 
et al [18] for modeling sampled data from any fields that 
satisfy the appropriate mathematical assumptions. In 
Kriging method, the random output is assumed to be 
obtained from a linear combination of regression 
functions plus a random process factor as follows: 

 

)()(
1

xx ZfbY
m

j
jj += ∑

=

                       (3) 

 
where m is the number of regression functions, fj(·) is a 
regression function, bj is the coefficient for fj(·), x is the 
design point, and Z(·) is the random process function. It 
is assumed in Kriging method that the random factor is 
from a random process, and a correlation function 
defined by the following equation: 

 
),,())(),((Cov 2121 xxxx θrZZ =                (4) 

 
where x1 and x2 are design points, and θ is a structural 
parameter to be optimized. The correlation function 
could be expressed in several different ways such as 
exponential, Gaussian and spherical [19]. 

The best linear unbiased predictor is used here, 
which satisfies the following three requirements [20]:   
1) it is a linear combination of the training data outputs: 
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where ĝ is the estimated output value, M is the number of 
design points in the training data, yi is an output in the 
training data, and ci is the coefficient for yi; 2) it is 
unbiased in prediction; and 3) it has the least prediction 
variance. 

The schematic of Kriging method for modeling the 
hot deformation behavior of 6013 aluminum alloy is 
shown in Fig. 3. The inputs of the model are log 
temperature (lg T), log strain rate (lg ε ) and strain (ε) 
whereas flow stress (σ) is the output. 
 

 

Fig. 3 Schematic of Kriging method for modeling hot 
deformation behavior 
 

A total of 300 points have been selected from the 25 
experimental (or corrected) flow stress curves for model 
training and testing, as shown in Table 1. Among them, 
the data at true strain between 0.1 and 0.8 with the 
interval of 0.1 are used for model training, while the left 
data at true strain between 0.15 and 0.75 with the interval 
of 0.2 are selected for testing. 

In order to provide a statistical view regarding the 
predictability of developed models, the correlation 
coefficient (R) and average absolute relative error 
(AARE) are employed. The correlation coefficient R can 
provide information on the strength of linear relationship 
between the experimental and the predicted values. 
However, a high R-value does not always indicate the 
satisfactory performance as the tendency of the model to 
be biased often leads to high or low values [9]. Therefore, 
the AARE has also been used in this work as an unbiased 
statistical measure to evaluate the predictability. 
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Table 1 Experimental data for model training and testing 

Data Number of points Model inputs Level Condition 

Temperature/K 5 613, 653, 693, 733, 773 

Strain rate/s−1 5 0.001, 0.01, 0.1, 1, 10 Training 200 

Strain 8 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 

Temperature/K 5 613, 653, 693, 733, 773 

Strain rate/s−1 5 0.001, 0.01, 0.1, 1, 10 Testing 100 

Strain 4 0.15, 0.35, 0.55, 0.75 
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In Eqs. (6) and (7), N is the number of testing 

samples, E is the experimental value, P is the predicted 
value, and E  and P  are the mean values of Ei and Pi, 
respectively. 
 
4.2 Predictability assessment 

The predictability of the model which is developed 
from the newly applied Kriging method, cannot be 
sufficiently reflected just by statistical measures (i.e., R 
and AARE). In fact, the comparative analysis is usually 
employed to identify the effectiveness of one specific 
method. Among the classical constitutive models, 
Arrhenius-type model has been widely recognized and 
frequently applied for describing the hot deformation 
behaviors of different materials [21]. Compensating the 
material parameters with functions of strain, the 
improved Arrhenius-type model is more complete and 
excellent than the original one [22,23]. For this reason, 
the improved Arrhenius-type model is selected in this 
section as a standard for reference to assess the 
predictability of Kriging model based on the same 
training and testing data. 
4.2.1 Improved Arrhenius-type model 

In Arrhenius-type model, the relationship among the 
flow stress, temperature and strain rate during hot 
deformation at a given strain can be expressed as [23] 
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where ε  is the strain rate (s−1), A is a material 
parameter, the function of stress f(σ) is defined by the 
following three forms: 
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In Eqs. (9)−(11), β is material parameter, and α=β/n. 

Substituting Eq. (11) into Eq. (8), then 
 

)exp()][sinh(
RT

QA n −
= ασε                    (12) 

 
Introducing the Zener−Hollomon (Z) parameter,  

Eq. (12) can be changed as 
 

nA
RT
QZ )][sinh()exp( ασε ==                 (13) 

 
In the previous research, the original Arrhenius-type 

model used to be improved by compensating the material 
parameters with functions of strain [22,23]. The values 
of α, n, Q and A can be calculated based on the training 
data from Table 1. The results show that α is lying in the 

range from 0.0142 to 0.0146. Thus, it can be determined 
as 0.0145 here by averaging the eight values of α at 
different strains. Meanwhile, the fitted curves of n(ε), 
Q(ε) and A(ε) using exponential functions are shown in 
Fig. 4. 
 

 

Fig. 4 Relationships among n (a), Q (b), A (c) and ε of 6013 
aluminum alloy 
 

According to the preceding results, the improved 
Arrhenius-type model of 6013 aluminum alloy can be 
expressed as follows: 

 
)()]514.00)[sinh(())(exp( εσεεε nA
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where Q(ε), A(ε) and n(ε) are represented as 
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4.2.2 Comparative analysis of predictability 

The prediction results from the Kriging model and 
the improved Arrhenius-type model are obtained based 
on the testing data given in Table 1. As shown in Fig. 5, 
the R-value is 0.999 from the Kriging model, which is 
higher than 0.989 from the improved Arrhenius-type 
model. Meanwhile, compared with the AARE of 5.529% 
from the improved Arrhenius-type model, the prediction 
accuracy of the Kriging model is again validated by the 
much smaller AARE of 0.478%. 
 

 
Fig. 5 Correlation between experimental (corrected) and 
predicted flow stress values: (a) Kriging; (b) Arrhenius-type 
 

In Fig. 6, the comparisons of the prediction 
accuracy between the Kriging model and the improved 
Arrhenius-type model are displayed in details. As shown 
in this figure, the prediction deviations from the Kriging 
model are smaller than the ones from the improved 
Arrhenius-type model. According to the results of the 
statistical analysis and the comparative study, the 

excellent performance of Kriging model has been 
demonstrated. It is indicated that Kriging method is 
competent in modeling the constitutive relationship of 
6013 aluminum alloy during hot deformation. 

Like most of the conventional constitutive models, 
the improved Arrhenius-type model cannot provide the 
complete physical interpretation in wide scopes of 
temperature, strain rate and strain, where various 
physical mechanisms of deformation occur [3,8,9]. It is 
difficult for this constitutive model to exactly track the 
experimental data during the hot compression. 
Fortunately, Kriging method can deal with the problem 
mentioned above very well, as it is not subjected to the 
constraints from describing physical mechanisms. 
Moreover, it is not necessary to determine a number of 
material parameters for developing Kriging model, 
which contributes to simple steps and short time required 
for model construction. Comparing with the conventional 
constitutive modeling method, there are reasons to 
believe that the newly applied Kriging method provides a 
more effective approach for solving the problems 
associated with hot deformation process. 
 
4.3 Generalization capability assessment 

Although the predictability of the developed 
Kriging model has been verified in Section 4.2, the 
applicability and superiority of Kriging method in 
modeling hot deformation behavior are still not 
completely demonstrated. Therefore, further evaluation 
is required and the implementation process is provided in 
this section. 

Generalization capability is usually considered as 
one of the crucial properties related to the applicability 
and reliability of modeling methods [24], and it is mainly 
reflected in the prediction capability outside the model 
training conditions. Leave-one-out cross-validation 
(LOO-CV) which is a special case of the cross-validation 
technique [25], is a meaningful method to evaluate the 
generalization capability [24]. In this work, LOO-CV is 
selected and the assessing process is explained as 
follows. 

Given N samples available in a data set, the model 
from Kriging method is trained with N−1 samples and 
then is tested on the sample that was left out. This 
process ends when every sample in the data set has been 
used once as a cross-validation instance. Finally, the 
R-value and the mean AARE from all the N tests are 
taken as the criteria for evaluating the generalization 
capability of modeling method. 

In this work, N equals the number of data groups 25 
(8 points per group from the training data in Table 1). 
Based on the 25 times of testing, the correlation between 
the experimental flow stress and the predicted     
values from Kriging models is shown in Fig. 7. With the  
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Fig. 6 Comparisons between experimental (corrected) and predicted (by Kriging and Arrhenius-type) flow stress: (a) ε =0.001 s−1; 
(b) ε =0.01 s−1; (c) ε =0.1 s−1; (d) ε =1 s−1; (e) ε =10 s−1 

 
R-value 0.996 and the mean AARE 5.093%, the 
generalization capability of Kriging model is thus 
validated. It is also illustrated in the comparison figure 
on the basis of five representative conditions, as shown 
in Fig. 8. In a word, the potentiality of Kriging model has 
been revealed in predicting the flow stress of 6013 
aluminum alloy beyond the experimental conditions in 
the hot compression tests. 

 
5 Conclusions 
 

1) The predictability of the constructed Kriging 
model is validated by the high R-value of 0.999 and the 
small AARE of 0.478%. Since this value of AARE is one 
order of magnitude less than 5.529% from the improved 
Arrhenius-type model, the superiority of Kriging model  
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Fig. 7 Correlation between experimental (corrected) flow stress 
and predicted values from LOO-CV 
 

 
Fig. 8 Comparison between experimental (corrected) flow 
stress curves and predicted values from LOO-CV 
 
is demonstrated in the comparative analysis. The 
competence of Kriging method is basically proved in 
developing model to describe the hot deformation 
behavior of 6013 aluminum alloy. 

2) According to the model evaluation technique 
leave-one-out cross-validation, the generalization 
capability of Kriging model is finally identified by the 
R-value of 0.996 and the mean AARE of 5.093% from 
25 times of testing. With the satisfactory performance of 
the models in prediction even beyond the experimental 
conditions, the applicability of Kriging method in 
modeling the hot deformation behavior of 6013 
aluminum alloy is completely validated. 
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基于 Kriging 方法的 6013 铝合金 
平面热压缩变形本构关系建模 

 
肖 罡 1,2，杨钦文 2，李落星 1,2 

 
1. 湖南大学 汽车车身先进设计制造国家重点实验室，长沙 410082； 

2. 湖南大学 机械与运载工程学院，长沙 410082 

 
摘  要：采用 Gleeble−3500 热模拟机测试了 6013 铝合金在 613~773 K、0.001~10 s−1下的平面应变流变力学行为，

并基于变形温升修正了试验测量的流变应力数据。选取 Kriging 方法对该热变形过程本构关系进行建模，并通过

统计学分析、对比分析和舍一交叉验证法对所建模型的预测能力与可靠性进行评价。结果表明：构建的 Kriging

模型预测精度较高，其预测值与实验值对比得到的 R 值为 0.999、AARE 值为 0.478%，相较于修正的 Arrhenius-type

模型具有显著优势。通过基于舍一交叉验证法设计的 25 次测试与验证，充分说明了 Kriging 模型具有较好的泛化

能力。由此可知，通过 Kriging 方法可高效构建精确模型以描述合金热变形流变行为并有效预测试验条件范围以

外的流变应力。 

关键词：铝合金；热变形；本构模型；Kriging 方法 

 (Edited by Yun-bin HE) 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


