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Abstract

The finite element method(FEM) is proven to be an effective approximate method of structural analysis if proper element types
and meshes are chosen, and recently, the method is often applied to solve complex dynamic and nonlinear problems. A properly
chosen element type and mesh yields reliable results for dynamic finite element structural analysis. However, dynamic behavior of
a structure may include unpredictably large strains in some parts of the structure, and using the initial mesh throughout the
duration of a dynamic analysis may include some elements to go through strains beyond the elements’ reliable limits. Thus, the
finite element mesh for a dynamic analysis must be dynamically adaptive, and considering the rapid process of analysis in real
time, the dynamically adaptive finite element mesh generating schemes must be computationally efficient. In this paper, a
computationally efficient dynamically adaptive finite element mesh generation scheme for dynamic analyses of structures is
described. The concept of representative strain value is used for error estimates and the refinements of meshes use combinations of
the h-method(node movement) and the r-method(element division). The shape coefficient for element mesh is used to correct
overly distorted elements. The validity of the scheme is shown through a cantilever beam example under a concentrated load with
varying values. The example shows reasonable accuracy and efficient computing time. Furthermore, the study shows the potential

for the scheme's effective use in complex structural dynamic problems such as those under seismic or erratic wind loads.

Keywords - structural engineering, structural dynamics, dynamically adaptive finite element mesh, finite

element method

1. Introduction

The finite element method (FEM) is proven to be
an effective approximate method of structural analysis
(Bathe and Wilson, 1976: Belytschko et al., 1996;
Cook et al., 1989: Reddy, 1993: Zienkiewcz et al.,
2005). When the method is applied to dynamics
analyzed in the time domain, the meshes may need
to be modified at each time step as the finite element
results of an analysis largely depend on the mesh
and the element types used (Heesom and Mahdjoubi,
2001). Dynamic behavior of a structure may include
unpredictably large strains in some parts of the
structure, and if the initial mesh is used throughout
the duration of a dynamic analysis, some elements

may go through strains beyond the elements’ reliable

limits during the analysis. Thus, the finite element
mesh for a dynamic analysis must be dynamically
adaptive, and considering the rapid process of analysis
in real time, the dynamically adaptive finite element
mesh generating scheme must be computationally
efficient.

In this paper, a dynamically adaptive finite element
mesh generation scheme for dynamic analysis of
structures is described. An adaptive mesh generation
process involves estimation of error given a mesh and
generation of a new improved mesh based on the
error (Choi and Jung, 1998: Choi and Yu, 1998: de
Las Casa, 1988: Zienkiewcz and Zhu, 1987). The
dynamically adaptive scheme uses computationally
simple error estimation based on representative strain.

The mesh generating scheme combines the r-method
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Dynamically Adaptive Finite Element Mesh Generation Schemes

(moving an existing node) and the h-method (dividing
an element into smaller elements). The scheme includes
a check for limiting distortion for each element using
the concept of shape factor that is easily computed
for each shape. The dynamic analysis considered is in
time domain, based on direct integration. As an
example, an undamped cantilever beam modeled with
four node quadrilateral isoparametric elements for
plane stress is considered. The results of the analyses
of the example show that the proposed dynamically
adaptive finite element mesh scheme using the error
estimation based on the representative strain, the
r-h method, and the shape factor is efficient compu-
tationally and have reasonable confidence level for

complex dynamic problems in structural analysis.

2. Adaptive mesh scheme for dynamic analysis

2.1 Error estimation with representative

strains

The results of a finite element analysis largely
depend of the type of element and the mesh used. An
adaptive mesh generation scheme attempts to automate
the mesh generation and in the scheme, accuracy of
error estimation of a given mesh is essential (Hwang,
1988 Jeong et al., 2003; McFee and Giannacopoulos,
2001: Ohnimus et al., 2001: Stampgle et al., 2001:
Yoon, 2005; Zhu et al., 1991). In general engineering
problems, accurate solutions are not known and thus
accurate error estimation is inherently a difficult
problem. In addition, error estimation for adaptive
mesh needs to be computationally efficient, especially
for dynamic problems, since there are extensive
additional computations needed for many aspects of
adaptive mesh generation and analyses that follow.
Norm of a matrix is generally used to represent error
of a mesh where the matrix includes values of stress,
strain and displacements. The error in the domain Q

may be represented as follows:
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Here o, € are the exact solutions for stress and
strain and o, ¢ are the finite element solutions. The
error defined in Egs. (2~5) are the representative
strain of element based on the standard deviations of
the strains at the Gauss points in the element
computed during the previous finite element analysis
(Jeong and Yoon, 2003: Yoon, 2009). The z axis is
not considered in z—y planar problems, and the
representative strain values of element ¢ are

represented by the following equations:

lell, = @)

lell, = (3)
E Viey ™ Vo)’

el = | == (4)

lell = {lel, +lell, +lell } x ——— (5)

total

Here, lel,, is the x directional standard deviation

of the strain, n_ is the number of Gauss points in

gx

x direction, €., is the z directional strain of Gauss

Jx

point j, and e, is the 2 directional strain: [el,

iy

* . . . .
Ng,. €. €, are the similar y directional values and

* . .
lelhyy. 7geye Viey. ey are the similar z—y shear
strain values. In addition, A4, is the element area

and 4,,, is the total area of the mesh.

2.2 Dynamic analysis

The direct numerical integration in the time
domain is used for the dynamic analysis. Specifically,
the Newmark-8 method, a reliable explicit method
widely used in dynamic structural analysis, is used
(Bathe and Wilson, 1976: Belytschko, 1974 Newmark,
1959). The equations in the Newmark-8 method may

be summarized as follows:
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Here, w,, u,;, u, are the displacement, velocity,
and acceleration vectors in the ith step and u,,,,
w;,,, u;., are the similar quantities in the i+1th
step; At is the time step length and 0.1 is used for
At: @ and v are parameters selected by the user
and the recommended values of 5=1/4 and y=1/2
are used.

The matrix equilibrium equations for the ith step

may be represented as follows:
K,“iﬂ :Fiyﬂ (8)

The matrices &' and F, i, represent the following:

9)

= B8)(At)%u,]
(10)

Here, K is the stiffness matrix, M is the mass
matrix, and F,., is the force vector for the ¢+1th

time step.
2.3 Adaptive Mesh Generation Scheme

The adaptive mesh generation based on the error
estimation with representative strains is formulated
combining the r-method and the h-method. The
rr-method moves existing nodes based on the

following equations for the new coordinates z,, y,:

Ny,
e (lel,)

L S (11)

n m

3 (lell)
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Y= (12)
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Here, z,, y, are the coordinates of the centroid

ci

of the element, n, is the number of elements and

lell, is the representative strain value of the element
Eq. (11) and Eq. (12) for nodes on the boundary

are modified according to the following equations:

Mm

xl(, (llell;)

(lell,

(13)

MMH

Mw

331l

(lel)

MMH

Yp = (14)

i=1

Here, x,, v, are the z, y coordinates of the
central point on the boundary. A further attempt to
keep the elements rectangular, and width to depth
ratio to be close to 1 are maintained. A concept of
shape factor defined in Eq. (15) and described in
detail in reference Yoon (2009) is used to limit

distortion of elements.

VA, (15)

Shape Factor = O2—5Ln

Here, L, is the length of the boundary of the
element. The shape factor is 1 for square and an
attempt to keep shape factor to be close to 1 is
maintained:; shapes with a shape factor less than
0.95 are not used.

The h-method divides an element into smaller
elements of the same type. The elements to be
subdivided are based on the discretization parameter
d:
max P (16)

d=a Xmean [HeHsz]

Here, « is a constant, meanllel;,;;.] is the average
representative strain value of the initial mesh and
max P is the maximum value of the applied load.
After a parametric study, a value of 15.0 is used for
Q.

The r-h method combines r-method and h-method.
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Various means of combining have been studied (de
Las Casas, 1988: Hwang, 1988:. Yoon and Jeong,
2005). To obtain an optimal combination of r-method
and h-method, first the representative strain values

are normalized at each step using the following

equations.
min[HeHj]Xa-Fb:O (17)
max [llell;] < a+b=100 (18)

Here, min [llel;], max [lel;,] are the minimum and
maximum values of the representative strains, and
a, b are constants in each step determined from Eqg.
(17) and Eq. (18). These two equations are used to
normalize the representative strains to range from 0

to 100.

A dispersion parameter Or is defined as follows:
Cr=|M, — M| (19)

Here, 2, is the average of the normalized repre-
sentative strains and A4)is the mode of distribution of
the representative strain values. A value for Or need
to be set to combine the r-method and the h-method
and a reasonable value is around 20 where if Cr is
larger than this value, r-method is used, and in other
cases, the h-method is used.

In the h-method, the refinement of the mesh is
terminated when the change in the representative
strain values is less than 1% or when the element’s
discretization parameter is less than d in Eq. (16).
In the r-method, the refinement of the mesh is termi-
nated when the element’s discretization parameter is
less than d in Eq. (16).

3. Case Study

The example considered is a deep cantilever beam
shown in Fig. 1 where the dimensions are shown.
The beam is modeled with four node isoparametric
quadrilateral elements. The dynamic loading is a
lateral concentrated load P where the value is a

function of time. The variation of value considered
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Fig. 1 Cantilever beam example
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Fig. 2 Time variation of load P
is given by the following equation:
P=—500sin (2nt) (20)

The duration of the loading is 1 second as shown
in Fig. 2 and the unit for loading is Newton. Since
the free vibration response continues after 1 second,
the response considered is for 5 seconds. A crude
initial mesh formed by four equal elements arranged
along the beam axis is used for the investigation.
More appropriate initial mesh increases the efficiency
of the algorithm.

The beam is Hcm thick and the material obeys
Hooke's law for elasticity with the modulus of
elasticity of 210x105N/em? and Poisson’s ratio of 0.3.
The unit mass is 7.85x10°kg/cm’. The time step
selected for analysis is 0.034 seconds yielding 145
steps. For comparison purposes, solutions from a
regularly discretized mesh of 1024 elements is
termed the engineering solution, the ones from 256
elements is terms the general solution, and the
solution from the converged adaptive mesh is termed

the strategy solution. Fig. 3, Fig. 4, Fig. 5 and Fig.



0.004

—@— Engineering Solution
0.003 v O General Solution

—-¥— Strategy Solution

0.002 A

0.001

Displacement at A(cm)
o
o
8

t(sec)
Fig. 3 Vertical displacement of the free end
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Fig. 5 Mid-vertical normal stress at the fixed end

Table 1 Representative strain values for the adaptive

scheme
Maximum. Sum of Variation of
Step | Method | Representative |Representative| Representative
Strain (%) Strain (%) Strain (%)
0 0.0000297 0.0000659 -
1 h 0.0000057 0.0000456 30.81
2 h 0.0000011 0.0000253 44.53
3 r 0.0000009 0.0000251 0.72
4 r 0.0000008 0.0000251 0.14
5 r 0.0000008 0.0000250 0.16
6 h 0.0000002 0.0000147 41.22

6 show respectively, the comparisons of the vertical
displacement of the free end, the mid-horizontal (x
directional) normal stress at the fixed end, the
mid-vertical (y directional) normal stress at the fixed
end, the mid-shear stress at the free end of the
engineering, the general, and the strategy solutions.
The figures show close agreement among the three

solutions.
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Fig. 4 Mid-horizontal normal stress at the fixed end
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Fig. 6 Mid-shear stress at the free end

Table 1 shows the representative strain values in
the initial steps of the dynamic adaptive mesh where
the transitions of the r-method and the h-method are
shown. Fig. 7 shows some samples of the generated
mesh during the analysis and Fig. 8 shows the mesh
during the maximum deflection at the free end which
is at 0.275 seconds, where the number of elements is
193 and the number of nodes is 232. Note that at the
boundary between fine and coarse mesh, the nodes at
the middle of the coarse mesh is slaved to the end
nodes for displacement compatibility.

Although the computing efficiency is continuously
increasing in general, the enormous amount of
computing needed in the time domain finite element
dynamic analysis of structures, computing efficiency in
every aspect of the algorithm is important in order for
the method to be practical (Ladeveze and Oden, 1998;
MacLeod, 2002; Rafiz and Easterbrook, 2005). Table

2 shows the comparative computation times and error
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Fig. 7 Generated meshes during analysis
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Fig. 8 Mesh during the maximum deflection at the
free end (0.275sec, 193elements, 232nodes)

Table 2 Comparative computation times and error

Displacement | Stress Error . .
. Analysis Time
Solution Error vs Vs .
. . . . (Reduction vs
Method Engineering | Engineering Engineering in %)
(%) (%) i g
. . ohrs 4min 10sec
Engineering 0.00 0.00 (0.00)
8min 14sec
General 0.72 1.84 (2.960)
Strat 3.11 8.03 Zmin lsec
ratesy : : (0.553)

where it shows reasonable accuracy and extreme

computational efficiency of the strategy solution when

compared to the engineering solution: only 8.03% error

increase at 0.553% computing time.
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4. Conclusions

A dynamically adaptive mesh generation scheme
for dynamic analyses of structures in time domain is
presented. The scheme uses representative strain
value from each element computed from the previous
time step for estimation of error and an efficient
combination of the r-method and the h-method for
mesh refinement. Analysis of the application of the
proposed scheme to a cantilever beam example shows
the following conclusions.

1) The representative strain value for estimation of
error gives reasonable relative error. Since the
computational requirement is small, the scheme
is computationally efficient and successfully
achieves the objective of identifying relative
errors among the previous elements.

2) An efficient combination scheme combining the
traditional r-method and the h-method of is
shown to be practical as checks for limiting
distortions of elements are incorporated.

The proposed adaptive mesh algorithm is computa-
tionally efficient and thus the scheme has potential
to be appropriate for real time computations of large
complex structures under erratic time dependent loads
such as earthquakes and turbulent winds, problems
important in maintenance of structures and structural
hazard mitigation. Some aspects of the scheme still
need to be improved, one of which is the appropriate

selection of the initial mesh that starts the algorithm.

Acknowledgements

This work was supported by 2008 Hongik University
Research Fund.

References

Bathe, K.J., Wilson, E.L. (1976) Numerical Methods
in Finite Element Analysis, Prentice Hall, Englewood
Cliffs.

Belytschko, T. (1974) Transient Analysis, Structural
Mechanics, Computer Programs, Surveys, Assessments,



and Availability, Edited by Pilkey, W., Saczalski, K.
and Schaeffer, H. University of Virginia Press,
Charlottesville, Virginia, pp.255~276.

Belytschko, T., Hughes, J.R., Bathe, K.J. (1996)
Finite Element Procedures, Prentice-Hall, Englewood
Cliffs.

Choi, C., Jung, H. (1998) Adaptive Mesh Generation
for Dynamic Finite element Analysis, J. Korean Soc.
of Civil Eng.(in Korean), 18(1-2), pp.203~220.

Choi, C.K., Yu, W.J. (1998) Adaptive Finite Element
Wind Analysis with Mesh Refinement and Recovery
(in Korean), Wind and Structures, 1, pp.111~125.

Cook, R.D., Malkus, D.S., Plesha, M.E. (1989)
Concepts and Applications of Finite Element
Analysis, 3rd Ed. John Wiley & Sons, New York.

de Las Casas, E.B. (1988) R-H Mesh Improvement
Algorithms for the Finite Element Method, Ph.D.
Dissertation, Purdue University, West Lafayette.

Heesom, D., Mahdjoubi, L. (2001) Effect of Grid
Resolution and Terrain Characteristics on Data
from DTM, J. Comp. in Civil Eng., ASCE, 15(2),
pp.137~143.

Hwang, S.W. (1988) A Study on the r-h Method in
the Finite Element Method, Master’s Thesis(in
Korean), Inha University, Inchon.

Jeong, Y.C., Yoon, C. (2003) Representative Strain
Value Based Adaptive Mesh Generation for Plane
Stress, Hongik J. Science and Tech., 7, pp.71~86.

Jeong, Y.C., Yoon, C., Hong, S. (2003) Adaptive
Mesh Generation Scheme for Planar Problems using
Representative Strain Values for Error(in Korean),
Proc., Korean Soc. Comp. Structural Eng., 16
(2-31), pp.403~409.

Ladeveze, P., Oden, J.T., Editors. (1998) Advances
in Adaptive Computational Methods in Mechanics
Studies in Applied Mechanics, 47, Elsevier, Oxford.

MacLeod, I.A. (2002) The Education of Structural
Analyst, Proc., Asranet Symp., Asranet, Dept. of
Naval Architecture and Marine Eng., Univ. of
Glasgow and Strathclyde, London.

McFee, S., Giannacopoulos, D. (2001) Optimal
Discretizations in Adaptive Finite Element Elect-
romagnetics, Int. J. Numer. Meth. Eng., 52(9),
pp.939~978.

Yoon, Chongyul * Park, Joon Seok

Newmark, N.M. (1959) A Method of Computation for
Structural Dynamics, J. Eng. Mech. Division, American
Society of Civil Engineers, 85(EM3), pp.67~9%4.

Ohnimus, S., Stein, E., Walhorn, E. (2001) Local
Error Estimates of FEM for Displacements and
Stresses in Linear Elasticity by Solving Local Neumann
Problems, Int. J. Numer. Meth. Eng., 52(7),
pp.727~746.

Rafiq, M.Y., Easterbrook, D.J. (2005) Using the
Computer to Develop a Better Understanding in
Teaching Structural Engineering Behavior to Under-
graduates, J. Comp. in Civil Eng., 19(1), pp.34~44.

Reddy, J.N. (1993) An Introduction to the Finite
Element Method, 2nd Ed., McGraw-Hill, New York.

Stampfle, M., Hunt, K.J., Kalkkuhl, J. (2001)
Efficient Simulation of Parameter-Dependent Vehicle
Dynamics, Int. J. Numer. Meth. Eng., 52(11),
pp.1273~1299.

Yoon, C. (2005) Adaptive Mesh Generation for
Dynamic Finite Element Analysis(in Korean), J.
Korean Soc. Civil Eng., 25(6A), pp.989~998.

Yoon, C. (2009) Computer Aided Teaching of Structural
Engineering Using Adaptive Schemes in the Finite
Element Method, J. Korean Soc. Hazard Mitigation.,
9(1), pp.9~13.

Zhu, J.Z., Zienkiewicz, 0.C., Hinton, E., Wu, J.
(1991) A New Approach to the Development of
Automatic Quadrilateral Mesh Generation, Int. J.
Numer. Meth. Eng., 32, pp.849~866.

Zienkiewicz, 0.C., Taylor, R.L., Zhu, J.Z. (2005)
The Finite Element Method: Its Basis and Funda-
mentals, 6th Ed. Elsevier Butterworth-Heinemann,
Oxford.

Zienkiewcz, 0.C., Zhu, J.Z. (1987) A Simple Error
Estimator and Adaptive Procedure for Practical
Engineering Analysis, Int. J. Numer. Meth. Eng.,
24, pp.337~357.

a2 20104 10€ 30¢
At 20104 118 4¢
3

2 20704 11& 29¢

AP ESHE =822 H23F HM65(2010.12) 665

o
H
[l




<<
  /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


