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Verification of the Numerical Model of Optimized Bus Body Structure According to UN
Regulation No. 66
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Abstract: Bus rollover is one of the most analyzed cases of accidents, having in mind the number of potential large number of injuries and fatalities. Therefore, this type of
traffic accident became the object of numerous national and international standards and regulations. The aim of this paper is to investigate the possibilities of experimental
verification of presented simplified model of the bus body section. For that purpose, completely new multifunctional test bench was presented. The methodology applied for
the experimental part was explained. The results provided by the numerical simulation and by the experiment were presented, and appropriate analyses were performed.
The key parameters needed for the experimental verification were specified. According to the result analysis, a comparative results review was presented, confirming that
the experimental verification of the numerical model was fully acceptable. Also, all of the requirements prescribed by the applied methodology for the achieved results
acceptance were fulfilled, providing that numerical simulation, with constant improvements, could be a powerful tool for quick and reliable bus structure analysis in design

process.
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1 INTRODUCTION

Bus manufacturers worldwide put a lot of attention to
problems related to passive safety, since buses were
recognized as road vehicles intended for a large number of
passengers to be transported at the same time. Therefore,
rollover is maybe not the most common, but definitely the
most severe and most analysed type of traffic accidents
involving busses.

At the same time, bus rollover is the object of
international and national standards and regulations for a
long time. The strength of bus body structure became the
topic of UN Regulation No. 66 in December 1986 [1].
According to the Regulation, certain body structure
strength and appropriate level of energy that structure
should absorb was required, providing that passenger
residual space stays unreachable by any displaced part of
the structure.

Ever since, this UN regulation has been constantly
updated and changed, following the requirements of
increased passive safety. The latest changes of UN
Regulation No. 66, provided through the 02 Series of
amendments [2], stated a much wider group of bus classes
to undergo tests prescribed within this UN Regulation.
These changes became even more important, having in
mind that smaller busses, mainly classified as Class B,
make a significant part of public transportation nowadays.

On the other hand, most Class B busses were produced
through the modification of originally made N2 category
vehicles, and if there are no changes in the bus structure,
they are covered with R66 Approval of the base vehicle.
Requirements related to passenger comfort and advanced
design demands very often have to be followed with some
structural changes, especially in higher zones of the bus
construction, providing larger glass surfaces. Therefore,
the Approval of the base vehicle regarding bus body
strength is no longer valid, so a completely new testing
procedure has to be conducted to the modified structure.
Therefore, a quick numerical analysis could be very
important in this process, because prescribed physical tests
take too much time and require a lot of investment to
prepare the structure.

Within this paper, a numerical model prepared for the
analysis was presented, as well as the software used for it.
Also, in order for the model to be verified, a completely
new multifunctional test bench was introduced, explaining
the improvements in the testing procedure. Finally,
achieved results were presented, with appropriate analysis
and conclusions regarding the process of verification of
numerical models.

This process related to UN Regulation No. 66 was
subjected to the analysis of numerous articles for many
years. Early papers [3] to [5] dealt with simple simulation
software solutions. More recent articles [6] to [9] analysed
numerical verification that used up-to-date FEM
simulation tools, with more reliable comparative analyses.
Also, paper [10] proposed an improved criterion for
supervision of the crashworthiness. On the other hand,
some authors analyzed the behaviour of bus body structure
made of composite material [11]. Furthermore, paper [12]
proposed changes in regulation, by placing higher
requirements for the structure. Recent papers [13] to [15]
deal with formation of motion cueing algorithm for motion
simulation platform based on model predictive control, for
achieving better motion feeling compared with the current
models.

The main goal of this paper is to present a numerical
model good enough for an accurate analysis process and
simple enough to be quickly modified in order to get an
optimized structure. Also, for the verification of the
achieved numerical model, the main task is not to use the
rollover test of the complete body structure (although it is
the most reliable method), but to use the quasi-static
loading test of the body sections of the structure. Such an
approach enables us to follow the behaviour of the body
structure throughout the complete physical test and to
notice all potential weak points. With rollover test of the
complete body there is just a final result, with no
possibilities to examine the main characteristics of the
structure and to initiate weak points.

Therefore, the objective of this paper is to provide the
simplest possible numerical model which would allow
quick changes upon the information acquired by the
physical tests, and analysed through the method of
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redirected design [16]. With such an approach, we can
make quick changes and achieve an optimized numerical
model, verified by the prescribed method, with less time
and less costs.

2 NUMERICAL MODEL

The geometry used to make a numerical model of the
middle section of the bus structure is shown in Fig. 1. It is
a full-scale model representing a real middle section
consisting of 74 steel beams with 4 different cross-sections.
The steel used in simulations has a yield strength of 250
Mpa and tensile strength of 440 MPa, with a tangent
modulus of 1,450 MPa (used to describe bilinear isotropic
hardening) obtained experimentally. Thus, the nonlinear
properties of the material were considered.

0.000 1.000 2.000 (m)
I 00

0.500 1.500
Figure 1 Geometry of the middle section structure

Four bottom beams (shown in blue color in Fig. 2)
were fixed during numerical simulations, while the force
of 18,000 N was applied on five beams shown in red in
Fig. 3.
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Figure 2 Fixed bottom beams
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Figure 3 Direction of applied force

2.000 (m)

1,500
Figure 4 Finite element mesh used in numerical analysis

Finite element mesh (shown in Fig. 4) created in Ansys
Workbench consisted of 13,538 nodes and 6,764 elements
of type BEAM188. The average size of an element was 10
mm and in total 158 bonded contacts between elements
have been created using CONTA177 elements.

3 EXPERIMENTAL VERIFICATIONS

In order to verify the numerical model, one of the
physical tests provided by UN Regulation No. 66 has to be
chosen. Like previously mentioned, a quasi-static loading
test of body sections of the structure was selected, since the
behaviour of the body structure can be followed all the time
of testing. Notification of potential weak points of the
structure could be very important feedback for the
numerical model, in a way to be improved if needed.

3.1 Test Bench
For the purpose of conducting the selected test method,

a newly designed multifunctional test bench was
introduced (Fig. 5).
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Figure 5 Test bench for physical tests according to UN Regulation No. 6!

Multifunctionality of the test bench was reflected
through the implementation of all physical tests provided
by the UN Regulation:

- Rollover test of the complete body structure;
- Rollover test of body sections;
- Quasi-static loading test of body sections.

The test bench consists of two strong longitudinal
members, firmly connected to each other with transversal
supports, forming a base platform for all of the provided
tests. For the quasi-static loading test, the base platform
was used for positioning and fixing the tested body section,
as well as for fixing of support of beam and hydraulic
cylinder for applying the load. The inclination of applied
load was determined depending on the cantrail height and
easily adjusted by the position of the tested body section.

For both rollover tests, the base platform was raised to
the height prescribed for starting height of a rollover test.
Beam and its support are removed from the platform, and
hydraulic cylinder needs to be displaced under the base
platform, providing its tilting and rollover of tested
samples. All these modifications of the test bench could be
carried out in a reasonable short time, providing the
adjustment of the testing equipment to the desires of the
customers.

3.2 Test Samples

Test samples for the quasi-static loading test should be
selected in a way to clearly represent the complete bus
body structure. Since the body structure of the modified N2
category vehicle was used, there were no repetitive
segments, so the whole body structure was divided into
three sections: front, middle and rear.

Each of these three segments has its own properties
since the construction of the segments is completely
different. The front segment consists of a front panel and
one vertical pillar, as a part of the characteristic ring of the
structure. The middle segment consists of two vertical
pillars, both as a part of the characteristic rings of the
structure. Finally, the rear segment consists of one vertical
pillar, as a part of the characteristic ring of the structure and
complete rear panel.

In such a case, the easiest way is to prepare the
complete body structure for testing (as one piece), and to
divide it by cutting vertically downward to the zone where
the testing of one of the body sections has no influence to
the others. Complete body structure divided into sections
and prepared for testing is shown in Fig. 6.

igur 6 tucture divided into three sections for the purpose of quasi-
static loading test

Order of body sections testing by quasi-static loading
test was not defined by the UN Regulation. Therefore, tests
could be performed randomly, by the choice of producer or
Technical Service.

4 RESULTS

For the purpose of numerical model verification, the
results of the numerical model and quasi-static loading test
of the middle section were presented through diagrams and
comparative tables. As an outcome from the numerical
model, force, deformation and energy absorption were
shown, while from the quasi-static loading, force and
deformation were measured, and energy was calculated
upon measured quantities.

Since force applied should cause plastic deformation
of the analyzed structure, force convergence was observed,
and - as can be seen in Fig. 7 - simulation successfully
converged after 292 cumulative iterations.

Fig. 8 shows the total deformation (displacement) of
the numerical model obtained in FE simulation, while
Fig. 9 shows stress distribution in the model.

It is observable that stress obtained in numerical
simulation exceeds the yield strength of the material (250
MPa) in several beams, with the maximum value of 426
MPa obtained in one node only (indicated by tag Max in
Fig. 9). This value is very close to the tensile strength of
the material used (440 MPa), but there was no indication
of beam failure at that position in the experiment. Analysis
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of stress values in nodes that surround the node with
maximum stress showed that 426 MPa was singularity
(caused by defined boundary conditions at that node) since
all neighbor nodes had stress values at least 20% smaller
than the maximum calculated stress. However, Fig. 9
shows a dozen beams with combined stress higher than
280 MPa (yellow and orange color) where plastic

—#— Force Convergence Foree Criterion

deformation occurs in simulation. Plastic deformation
occurred in experiments in the same beams, which was the
evidence that the FE model was well defined. Thus, these
beams can be considered critical or weak parts of the
structure that should raise the attention of engineers in the
future.
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Figure 7 Force convergence achieved

Total Deformation
Type: Total Deformation

Unit: mm PRy,
Time: 1s

Max: 362.67

Min: 0

6/5/2022 10:57 AM

362.67
32238
282.08
24178
201.49
161.19
120.89
80.594
40.297

1000.00 2000.00 (mm)

500.00 1500.00
Figure 8 Maximum deformation of upper beam (363 mm)
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Figure 9 Stress distribution with maximum value of 426 MPa

The graph in Fig. 10 shows the change of energy with
the deformation of the structure. Later this value of energy

will be compared to energy measured in the experiment for
the purpose of numerical values verification.
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Figure 10 Energy - Deformation diagram for numerical model
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The results of the quasi-static loading test of the middle
section are shown in Figs. 11 to 13. Fig. 11 shows the value
ratio of force and deformation achieved by the experiment.
Certain decreases of implemented force were noticed, since
the body section entered into the zone of plastic
deformations.
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Figure 11 Force - Deformation diagram from the experiment
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Fig. 12 shows the value ratio of absorbed energy and
deformation achieved by the experiment. These values
were considered to be the main items for the comparative
analysis needed for the verification if the created optimized
numerical model could be accepted as valid.
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Figure 12 Energy - Deformation diagram from the experiment

Fig. 13 shows the increase of calculated absorbed
energy value in time. It was noticed that at the beginning
of the test energy values were very low, mainly as a result
ofthe pace of force increase and the rigidity of the bus body
section structure, which is reflected in low deformation
values.
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Figure 13 Energy-in-Time diagram from the experiment

For the final verification of the numerical model,
comparative values of force and deformation obtained
through numerical simulation and quasi-static loading test
were summarized in Tab. 1.

Table 1 Middle section comparative results

Numeri; al Physical Difference / %
simulation test
Applied force / kN 18,0 18,4 2,22%
Deformation / mm 363 397 9,37%
Level of energy / kJ 5,90 5,90 -

The results were compared for the desired level of
absorbed energy (5,9 kJ), appointed as acceptable for the
middle section of the bus body structure.

Fig. 14 shows a comparative view of energy and
deformation values achieved by numerical analysis (blue
line) and by experiment (red line).

The differences of deformation achieved by numerical
simulation and by experiment in the middle energy zone
(most of the energy range) are less or about 5%, while in
the lower energy zone the difference is higher, and in the
upper energy zone the energy grows to about 9,4%.

The deformation differences in the lower energy zone
occur due to the clearance in the construction and

measuring equipment settings, so the deformations
achieved by the experiment are much higher (increase in
deformation without an increase in force, so there is no
energy) than the deformations achieved by the numerical
analysis. However, that part of the diagram is not important
and crucial for the final results and verification of the
model, so that differences were not taken into
consideration.

—e—Numerical Analysis ——Experiment
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Figure 14 Comparative Force - Deformation diagram
(Numerical analysis and experiment)

As for the upper zones, the deformation differences
can be explained by the behavior of the material in the
plastic zone. This can be seen in Fig. 9, where the decrease
of force was noticed after entering the zone of plastic
deformation and the deformation continues to increase,
which results in increased deformation difference. At the
same time, numerical simulation at this level does not
recognize the negative gradient of force in the zone of
plastic deformation, so the simulation was performed with
the constant force after reaching the maximum value.

5 CONCLUSIONS

For the declared energy level of the middle section of
the bus body structure (5,9 kJ), the maximum achieved
difference of deformation is less than 9,4%, so the results
could be considered acceptable for the numerical
simulation verification. At the same time, the values of
deformations achieved by the experiment and by the
simulation are in the zone away from the maximum
expected deformation for residual space violation
(450 mm).

According to the required conditions for the
acceptance of the results, both requirements were fulfilled:
the expected level of energy was achieved, and the residual
space remained unviolated.

Future activities should be focused on the research of
the influence of variable force on the results (energy and
deformation), now by taking force values from experiment
and by introducing them into numerical calculations for
further model improvement. This approach is completely
in accordance with the method of redirected design,
providing the reduction of time and costs in the structure
design phase.

On the other hand, the results of such analysis should
bring us to the activities focused on optimal structure
design and achieving the total mass reduction. Of course,
these activities have to be followed with more detailed
analysis of the characteristics of joints, considering the
possibilities of their strengthening.
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Moreover, the usage of such an optimized numerical
model does not have to be limited only to mid-sized busses,
it could be applied to any bus body structure, no matter of
its size and complexity.

Acknowledgements

This paper presents the results of the research funded
by the Ministry of Education, Science and Technological
Development of the Republic of Serbia, under the
agreement No. 451-03-9/2021-14/200105 dated on
February 5%, 2021.

6 REFERENCES

[1] E/ECE/324/Rev.1/Add.65-E/ECE/TRANS/505/Rev.1/
Add.65. (1986). Uniform provisions concerning the
approval of large passenger vehicles with regard to the
strength of their superstructure. The United Nations
Economic Commission for Europe (UNECE). Geneva.

[2] E/ECE/324/Rev.1/Add.65/Rev.1/Amend.2-E/ECE/TRANS/
505/Rev.1/Add.65/Rev.1/Amend.2. (2010). Uniform
provisions concerning the approval of large passenger
vehicles with regard to the strength of their superstructure.
The United Nations Economic Commission for Europe
(UNECE). Geneva.

[3] Kogler, R. & Plemenitas, B. (1994). Development of School
Bus from the Passive Protection Point of View. Strojniski
vestnik - Journal of Mechanical Engineering, 40(1-2), 20-30.

[4] Sharma, V., Mohan, D., & Chawla, A. (1998). Mathematical
modeling of bus rollover crashes. Proceedings of the 1998
ASME International Mechanical Engineering Congress and
Exposition, 39, 9-10. https://doi.org/10.1115/IMECE1998-0005

[5] Kamal, W.N. W. M., Saad, N. H., Ghani, A. R. A., Abdullah,
N. R., & Jazam, K. I. A. (2013). Modelling and simulation
of a single deck bus subjected to rollover crash loading.
Applied Mechanics and Materials, 393, 453-459.
https://doi.org/10.4028/www.scientific.net/ AMM.393.453

[6] Wicaksono, S., Rizka Faisal Rahman, M., Mihradi, S., &
Nurhadi, 1. (2017). Finite element analysis of bus rollover
test in accordance with UN ECE R66 standard. Journal of
Engineering and Technological Sciences, 49(6), 799-810.
https://doi.org/10.5614/j.eng.technol.sci.2017.49.6.7

[7] Rogov, P. S. & Orlov, L. N. (2020). Determination of the
most efficient bus rollover computer simulation technique
according ECE R66. International Journal of Heavy Vehicle
Systems, 27(4), 422-440.
https://doi.org/10.1504/IJHVS.2020.109286

[8] Bala¢, M., Grbovi¢, A., Petrovié, A., & Popovic, V. (2018).
FEM Analysis of Pressure Vessel with an Investigation of
Cack Growth on Cylindrical Surface. Eksploatacja i
Niezawodnosc - Maintenance and Reliability, 20(3), 378-
386. https://doi.org/10.17531/ein.2018.3.5

[9] Mahmoodi-k, M., Davoodabadi, 1., Visnji¢, V., & Afkar, A.
(2014). Stress and Dynamic Analysis of Optimized Trailer
Chassis. Technical Gazette, 21(3), 599-608.

[10] Kunakorn-ong, P. & Jongpradist, P. (2020). Optimisation of
Bus Superstructure for Rollover Safety According to ECE-
R66. International Journal of Automotive Technology, 21(1),
215-225. https://doi.org/10.1007/s12239-020-0021-z

[11] Castejon, L., Miravete, A., & Cuartero, J. (2006). Composite
bus rollover simulation and testing. International Journal of
Heavy Vehicle Systems, 13(4), 281-297.
https://doi.org/10.1504/IJHVS.2006.010584

[12] Zhou, W., Kuznectov, A., Wu, C.Q., & Telichev, 1. (2020).
A comparative numerical study of motorcoach rollover
resistance under ECE R66 and proposed NHTSA regulation

conditions. International Journal of Crashworthiness, 25(2),
131-146. https://doi.org/10.1080/13588265.2018.1544476

[13] Qazani, M. R. C., Asadi, H., Khoo, S., & Nahavandi, S.
(2021). A Linear Time-Varying Model Predictive Control-
Based Motion Cueing Algorithm for Hexapod Simulation-
Based Motion Platform. /EEE Transactions on Systems,
Man, and Cybernetics: Systems, 51(10), 6096-6110.
https://doi.org/10.1109/TSMC.2019.2958062

[14] Qazani, M. R. C., Asadi, H., Mohamed, S., Lim, C. P., &
Nahavandi, S. (2022). A Time-Varying Weight MPC-Based
Motion Cueing Algorithm for Motion Simulation Platform.
IEEE Transactions on Intelligent Transportation Systems, 1-
12. https://doi.org/10.1109/TITS.2021.3106970

[15] Qazani, M. R. C., Asadi, H., Bellmann, T., Perdrammehr, S.,
Mohamed, S., & Nahavandi, S. (2020). A New Fuzzy Logic
Based Adaptive Motion Cueing Algorithm Using Parallel
Simulation-Based  Motion  Platform. 2020 IEEE,
International Conference on Fuzzy Systems (FUZZ-IEEE),
1-8. https://doi.org/10.1109/FUZZ48607.2020.9177599

[16] Miti¢, S. (2012). 4 Methodology for Redirected Design of
Bus Superstructures Regarding Their Strength. Doctoral
Dissertation, University of Belgrade, Faculty of Mechanical
Engineering.

Contact information:

Sasa MITIC, Associate Professor

(Corresponding author)

University of Belgrade, Faculty of Mechanical Engineering,
Kraljice Marije 16, 11120 Belgrade, Serbia

E-mail: smitic@mas.bg.ac.rs

Vladimir POPOVIC, Full Professor

University of Belgrade, Faculty of Mechanical Engineering,
Kraljice Marije 16, 11120 Belgrade, Serbia

E-mail: vpopovic@mas.bg.ac.rs

Ivan BLAGOJEVIC, Full Professor

University of Belgrade, Faculty of Mechanical Engineering,
Kraljice Marije 16, 11120 Belgrade, Serbia

E-mail: iblagojevic@mas.bg.ac.rs

Aleksandar GRBOVIC, Full Professor

University of Belgrade, Faculty of Mechanical Engineering,
Kraljice Marije 16, 11120 Belgrade, Serbia

E-mail: agrbovic@mas.bg.ac.rs

92

Technical Gazette 30, 1(2023), 87-92




<<
  /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


