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Concrete is one of the most widely used materials in civil engineering structures. Extremely high temperatures can seriously damage the concrete
structure, leading to degradation of its mechanical properties. Considering high temperatures in civil engineering applications is strongly connected with
the fire scenarios in which temperatures in concrete can reach 1000 °C. For using computer software for analysis of the reinforced concrete structures, it is
essential to formulate constitutive stress-strain models of steel and concrete, which can be done using fundamental approach or by fitting curves to
experimental data. In this paper, new stress-strain model was proposed using the two-parameter equation for fitting curves to experimental data.
Verification of the model is done using experimental results available in the literature for temperatures up to 800 °C. Comparison with the models
available in the literature was provided. The new model showed better agreement with experimental results, especially for the temperatures higher than
500 °C.
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Novi model za opisivanje krivulje naprezanje-deformacija betona pri poviSenim temperaturama

Izvorni znanstveni ¢lanak
Beton je jedan od najrasprostranjenijih materijala koji se koriste za izradu gradevinskih objekata. Djelovanje visokih temperatura moze ozbiljno ostetiti
strukturu betona, Sto dovodi do degradacije njegovih mehanickih karakteristika. Razmatranje glavnih karakteristika ponaSanja gradevinskih konstrukcija
pri visokim temperaturama je povezano s djelovanjem pozara, pri kojima se javljaju temperature u betonu i do 1000 °C. Za uporabu racunarskih softvera
za analizu armirano betonskih elemenata izlozenih pozarima neophodno je formulirati konstitutivne o-¢ modele kako ¢elika tako i betona, $to se moze
posti¢i fundamentalnim pristupom, ali i prilagodba krivulja prema eksperimentalno dobivenim podacima. U ovom radu predlozen je novi dvoparametarski
model za opisivanje krivulje naprezanje-deformacija. Novi model je potvrden na eksperimentalnim podacima dostupnim u literaturi za temperature do 800
°C. Dana je njegova usporedba s drugim modelima dostupnim u literaturi. Rezultati pokazuju bolje poklapanje s eksperimentalnim podacima, posebice pri
temperaturama ve¢im od 500 °C.

Kljucne rijeci: beton, krivulja naprezanje-deformacija; visoka temperatura

1 Introduction temperatures are presented and, based on them, a new

During their lifetime, civil engineering structures are
subjected to different effects. To ensure their safe
performance, the designers must take into consideration
all possible actions that can occur during the construction
and exploitation period. Some of them can cause the
change of the properties of construction materials.
Concrete is one of the most common materials used for
civil engineering structures. It is well known that fires and
high temperatures in general can seriously damage
concrete structure, which leads to degradation of its
mechanical properties [1]. Behaviour of concrete under
high temperatures has been investigated by many
researchers in past decades. The most relevant parameters
that have been investigated are compressive strength,
modulus of elasticity, strength in indirect tension, spalling
and stress-strain curves. Extensive literature review of
researches on these parameters is given in [2].

For using advanced computer software tools to
analyse reinforced concrete elements subjected to fires, it
is necessary to obtain constitutive stress-strain models for
both steel and concrete. This can be done by using
fundamental principles or by fitting curves to
experimentally obtained data. Although it is preferable for
the first approach to be used, many authors have proposed
stress-strain models by using fitting procedures [7+9].
The reason for this is either the paucity of data needed to
establish a fundamental model or practical aspects in that
the model is not required to be portable, but applicable to
a single identified material [3]. In this paper, several
known stress-strain models for concrete subjected to high

two-parameter model is proposed. For validating the
model, experimental results published in [4] are used. A
comparison between the new model and models from the
literature is given. The models are compared using linear
regression method, by R* value. The results are plotted as
a function of the temperature.

2  Stress-strain models
2.1 Furamura

The first one who proposed the complete stress-strain
curve for concrete was Furamura [5]. He concluded that
besides the compressive strength reduction, there was a
reduction of the slope of descending part of the curve.
Later, it was shown in [6] that if his model is normalized
with the peak stress and the strain corresponding to the
peak stress, all the curves can be represented by the
following expression:
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where ¢, is stress, ¢, is strain, gy is the peak stress and ¢,
is strain corresponding to the peak stress.

2.2 Popovics
In [7] Popovics proposed the model that can be fitted

to any concrete stress-strain curve. He defined stress-
strain curve with the following expression:
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where n is determined by fitting curve to experimental
data. He also suggested that n was only dependant on the
concrete compression strength and proposed that it is
equal to 0,4X107300,C. This was later shown not to be
entirely correct, which was also deduced by the authors of
this paper, and that it is dependent on the size of the
aggregate and the aggregate-cement ratio [4].

2.3 Anderberg and Thelandersson

In [8] Anderberg and Thelandersson proposed the
constitutive law valid at transient conditions, that can be
formulated in terms of four strain components, thermal
strain, instantaneous stress-related strain, creep (as
measured at constant temperature and constant stress) and
transient strain. They assumed instantaneous stress-related
strain as a parabolic function, considering ascending and
descending part of the stress-strain curve separately. For
ascending part they proposed the expression:

O0 _ & [, % 3
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and for descending part the straight line was assumed.
Additionally, they proposed temperature independent
slope of the descending part, which is not quite accurate
when compared to the experimental results available in
the literature.

2.4 Blagojevié¢

Blagojevi¢ realized that stress-strain curve of the
concrete at high temperatures can be considered as an
impulse function. In [9] he proposed the model which
actually represents modified expression (1) with
additional parameterv:

v
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where parameter v can be obtained by fitting curves to
experimentally obtained data. When this parameter is
equal to 1, the model becomes the same as Furamuras
normalized model. In this paper authors proposed
modification of Blagojevi¢’s model in order to achieve
better agreement with experimental results available in
the literature.

2.4 Eurocode 2
In Eurocode 2 [10] the complete stress-strain curve is

defined by the compressive strength, and the strain
corresponding to the peak stress, for a defined

temperature. For ascending part of the curve the following
expression is given

o(0) =3 Lo Jes

. -
€0 ¢
2+ —¢
6‘cl,t9

where o(6) is stress of the concrete at the temperature 6, &,
is strain, f., is the peak stress and &. is the strain
corresponding to the peak stress.

It is suggested that for numerical purposes a
descending branch should be adopted, whether linear or
nonlinear (Fig. 1). For linear descending branch the
values of different parameters of &, at different
temperatures are provided in Eurocode 2 [10].
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Figure 1 Stress-strain curve according to Eurocode 2 [10]

2 New stress-strain model

Although Eq. (4) fits generally well to the shape of
stress-strain curve of concrete at both normal and high
temperatures, some flaws can be noticed when compared
to the experimental data. They are related to the nature of
the parameterv. In Fig. 2, it is shown how this parameter
affects the shape of the stress-strain curve.

v

& &
0
Figure 2 Influence of the parameter v on the shape of the
stress-strain curve [9]

In order to explain above mentioned, the model was
compared to experimental data published in [4] (Fig. 3).
The results were obtained by testing standard concrete
cylinders with the dimensions @15%30 cm, made with
Portland cement of Type I and siliceous aggregate. The
compressive strength of the concrete was 40 MPa at 20
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°C. For fitting curves, i.e. obtaining parameter v, the least
square method was used [11]. For different temperatures,
parameters could be obtained by fitting the model to
entire curve or just for ascending branch. If the latter is
the case, different parameter or different function could
be used for descending branch.

Stress (MPa)

Strain (x1073)
Figure 3 Experimental stress strain curves of the concrete at different
temperatures [4]

In order to show the full potential of Blagojevics
model, the parameters v were obtained by fitting Eq. (4)
only to ascending branch of the experimental stress-strain
curve published in [4]. The obtained values of parameter
vare 2,12; 2,05; 3,09 and 2,66 for 308 °C, 406 °C, 702 °C
and 796 °C respectively. These temperatures were chosen
because in those curves the potential for improving the
model was clearly visible.

Fig. 4 shows comparison between experimental
stress-strain  curves and curves fitted by using
Blagojevi¢’s model for ascending branch of the curve. It
can be seen that in the first part of the ascending branch of
the curve parameter v seems to be higher and in the
second part lower than the one that corresponds to
experimental data. This fact brings the authors to
conclusion that better results would be obtained if its
values varied through the ascending branch of the curve.
The variable parameter v is proposed, with the value o at

40

the beginning and value f at the end. The value varies
with the value e.gy.. This can be represented by the
following expression:
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where o, is stress, &, is strain, oy is the peak stress, & is
strain corresponding to the peak stress, and the parameters
a and S can be obtained by fitting the curve to
experimental data. In Eq. (6) it is clear that for the value
e~0 parameter v would be equal to a and for .=¢, . the
value of vwould be .

In order to use the proposed model, the values of the
peak stress and corresponding strain must be obtained
from the experimental stress-strain curve. Parameters a
and f can be obtained by using least square method or any
other convenient fitting procedure. Least square method
has shown itself to be very efficient for this purpose. No
problems with convergence were experienced.

The mathematical nature of the proposed model is
such that it can have a concave-up part at the beginning of
loading which can be seen in stress-strain curves of the
concrete at high temperatures. In [4] this phenomenon
was explained by the closure of pre-existing cracks
caused by heating and cooling.

4  Validation of the new model and comparison

In order to validate the proposed two-parameter
model, the stress-strain curves were obtained by fitting
the model to experimental data published in [4]. The
parameters were obtained by fitting the model to
ascending branch and the whole curve separately. It is
worth noticing that the parameters o and f obtained by
fitting the curve to the ascending branch give much better
agreement with the experimental data than those
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Figure 4 Stress strain curves of concrete at different temperatures, Blagojevi¢s model vs. experimental data from [4]
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Figure 5 Stress-strain curves at different temperatures, new model vs. experimental results from [4]
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40 f----m-o ~ - R R descending branch has shown some disadvantages. As
— ' ! ' shown in Fig. 6, the curve obtained by using the two-
m TR I 1 .
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0 2 4 & 8 :
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Figure 6 Stress-strain curve at 20 °C
(two-parameter used model for both branches)

obtained by fitting to the entire curve. Due to this fact, the
first option is considered in this paper and the values of
the parameters are given in Tab. 1.

Fig. 5 shows the comparison between experimental
stress-strain curves and curves fitted by using Eq. (6) for
ascending branch of the curve. As it can be seen, the new
model fits perfectly to the ascending branch of the
experimental stress-strain curve. However, in descending
branch the agreement is not that good. Thus, the authors
recommend that the curve should be divided into two
parts.

obtained for each temperature. For each parameter the
linear function of dependency on the temperature was
approximated. With the values of parameters calculated
by these functions stress-strain curves were plotted and
shown in Fig. 7 compared to experimental curves.

Approximated functions of dependency on the
temperature are the following:

a =1,072+0,001-6, (7a)
B =2,442+0,002-0, (7b)
v =2988+0,0006-6, (7c)

where 0 is the temperature of the concrete.
It can be seen in Fig. 7 that the proposed model fits
perfectly to the experimental curves.

Table 1 The values of parameters obtained by fitting the new model to ascending branch of the stress-strain curve

T 20°C | 103°C | 203 °C | 308 °C | 406 °C | 503 °C | 603 °C | 702°C | 796 °C
a 1,157 | 1,175 | 1,204 | 1,357 | 1,383 | 1,538 | 2212 | 1,923 | 1,627
B 2320 | 2,982 | 2,617 | 3,647 | 3,364 | 2,906 | 3250 | 4678 | 4233
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Figure 7 Stress-strain curves at different temperatures: new model vs. experimental results from [4]

For additional validation of the proposed model a
comparison with the models presented in chapter 2 has
been provided. Since the models of Furamura and
Blagojevi¢ represent special cases of the proposed model,
the comparison was done only with other models.
Additionally, stress-strain curves were compared only for
the ascending branch, since two of the three presented
models do not cover the descending one.

The stress-strain curves were fitted to experimental
data shown in Fig. 8 for temperatures of 503 °C, 603 °C,
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702 °C and 796 °C. These four temperatures were
selected because in other cases the difference in the
plotted curves could not be seen clearly without
magnification. Since the suggestion that Popovics gave
for the parameter n was shown to be non-satisfactory, it
was obtained by fitting the curves for each temperature
level separately. Additionally, linear regression analysis
was performed and R? values were plotted in Fig. 9 as a
function of the temperature.
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Figure 8 Comparison of ascending branches of stress-strain curves at different temperatures

It can be seen that the proposed model gave the best
agreement with the experimental data. Both the new and
the model proposed by Popovics gave good results for the
whole range of temperatures. However, the advantage of
the proposed model is that it can follow the concave up
shape of the curves and slightly better agreement with

experimental data at temperatures higher than 500 °C. In
the case of the model of Anderberg and Thelandersson
and the model given in Eurocode 2, the advantage of the
proposed model is even bigger through the whole range of
temperature.
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Figure 9 Comparison of R* values of different models for the whole
range of the temperature

5 Conclusion

The use of modern software for calculating stresses
and deformations in concrete elements requires
knowledge of its stress-strain relation. For the mechanical
properties of the concrete when subjected to high
temperatures it is very important to know how it changes
the shape of the stress-strain curve, and how this change
can be mathematically represented. It was shown that the
approach to obtaining stress strain curve using the
proposed model for ascending branch gives very good
agreement with the experimental results. Its mathematical
nature is convenient for representing stress-strain curves
of the concrete at both normal and high temperatures.
Temperature dependence of the model parameters was
presented and the values obtained by those functions gave
very good results when compared to the experimental
data. The fact that with the increase of temperature
ascending branch becomes more linear, as well as the
phenomenon that at temperatures higher than 500 °C the
beginning part can be concave up, can be also represented
by using the proposed model. Additionally, it was shown
by regression analysis that it gives better results than
other models presented in this paper.

In the future work, the dependency of o, f and v on
different parameters other than the temperature could be
investigated.

6 References

[1] Tori¢, N.; Divi¢, V.; Boko, I. Behaviour of prestressed
hollow core concrete slab under fire — experimental study.
// Technical Gazette. 19, 4(2012), pp. 847-856.

[2] Ma, Q.; Guo, R.; Zhao,Z.; Lin, Z.; He, K. Mechanical
properties of concrete at high temperature — A review. //
Construction and Building Materials. 93(2015), pp. 371-
383. DOI: 10.1016/j.conbuildmat.2015.05.131

[3] Purkiss, J. A. Fire safety engineering design of structures.
Elsevier, Oxford, 2007.

[4] Chang, Y. F.; Chen, Y. H.; Sheu, M. S.; Yao, G. C.
Residual stress—strain relationship for concrete after
exposure to high temperatures. // Cement and Concrete
Research. 36, 10(2006), pp. 1999-2005. DOl
10.1016/j.cemconres.2006.05.029

[5] Furamura, F. Stress-strain curve of concrete at high
temperatures. / Transactions of the Architectural Institute
of Japan. Abstract No 7004, (1966), p. 686.

[6] Baldwin, R.; North, M. A. A stress strain relationship for
concrete at high temperature. // Magazine of Concrete

Research. 25, 85(1973), pp- 99-101. DOl
10.1680/macr.1973.25.85.208

[7]1 Popovics, S. A numerical approach to the complete stress-
strain curve of concrete. / Cement and Concrete Research.
3, 5(1973), pp. 583-599. DOI: 10.1016/0008-8846(73)90096-3

[8] Anderberg, Y.; Thelandersson, S. Stress and Deformation
Characteristics of Concrete, 2 — Experimental Investigation
and Material Behaviour Model // Bulletin 54, University of
Lund, Sweden, 1976.

[9] Blagojevi¢é, M. et al. Jedinstvena funkcija za opisivanje
naprezanja i deformacije betona u pozaru. // Gradevinar. 63,
1(2011), pp. 19-24.

[10] Eurocode 2: Design of concrete structures — Part 1-2:
General rules — structure Fire Design, EN 1992-1-2,
European Committee for Standardization, 2004.

[11] Hansen, P. C.; Pereyra, V.; Scherer, G. Least Squares Data
Fitting with Applications.Johns Hopkins University Press,
Baltimore, 2012.

Authors’ addresses

Nenad Stojkovi¢, MSc, Assistant

College of Applied Technical Sciences in Ni§
Aleksandra Medvedeva 20

18000 Ni§, Serbia

E-mail: svnenad@yahoo.com

Dragan Peri¢, PhD, Professor

College of Applied Technical Sciences in Ni§
Aleksandra Medvedeva 20

18000 Nis, Serbia

E-mail: dmm_nish@yahoo.com

Dragoslayv Stojié¢, PhD, Professor

University of Nis,

Faculty for Civil Engineering and Architecture,
Aleksandra Medvedeva 14

18000 Nis, Serbia

Nemanja Markovi¢, MSc, Assistant
University of Nis,

Faculty for Civil Engineering and Architecture,
Aleksandra Medvedeva 14

18000 Nis, Serbia

868

Technical Gazette 24, 3(2017), 863-868



	1 Introduction
	2 Stress-strain models
	2 New stress-strain model
	4 Validation of the new model and comparison


<<

  /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 [595.276 841.890]

>> setpagedevice



