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ABSTRACT

The indoor climate in buildings has changed in the last decade due to more efficient climatic
systems, floor heating systems and larger open floor areas with more natural light. All this has induced
increasing ranges of relative humidity between different seasons. Also with decreasing relative humidity
(in the winter 30-50% RH, in the summer 70-90% RH), floor-heating systems increase the temperature
in wooden parquet planks for example. Such variations can result in troublesome deformations,
delamination of the surface layer and development of cracks in the parquet flooring boards. Sometimes
there is only deterioration of the appearance but the durability of the flooring system can also be reduced.
Many laboratory tests have to be done before reaching an optimal design of the parquet elements. Due
to high coasts and time constraints of experiments, other supplementary research methods should be
tested and evaluated. The articles’ main objective was to increase understanding of the behaviour of
parquet floors exposed to different climatic conditions using numerical calculation. The use of the finite
element models provides options for design purposes of wood flooring systems. Several finite element
models for adequate design have been created, tested and applied. After calibration and validation of
the calculation method, parameter studies on the influence of material properties, geometry of the
parquet floors and the long-term behaviour of the wood and glue line were performed. The results
show a strong relation between material and geometry choice on the deformation, for example the gap
opening and on the stress distribution in glue line, which can induce delamination of the surface layer
and distortional effects of the parquet boards.
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INTRODUCTION

During the last decade the use of wood flooring systems in Europe has increased dramatically.
In Sweden for example the proportion of wood flooring systems rose steadily from 30% in the
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seventies to its current 80%. This rapid growth has resulted in the development of new products,
enabling the industry to maintain and increase its market share. The paper’s main objective is
to increase understanding of the behaviour of parquet floors exposed to different climates using
numerical analysis. The calculation in this work has been performed with the commercial finite
element program ABAQUS. In addition, several experimental tests were made to study the
deformation performance of parquet boards, to determine material parameters and to get results for
calibration and validation. The beam theory of Bernoulli applied to both directions of the square
specimens gave a simple, additional validation instrument for the deformational behaviour.

The influences of different parameters such as material properties, material orientation and
properties of the glue line and geometry of the product on the stresses and deformations were tested
and discussed. Several finite element models were created to simulate the behaviour of the parquet
planks under changing climate. In addition, several experimental tests were made to study the
deformation performance of parquet boards, to determine material parameters and to get results for
calibration and validation. The beam theory of Bernoulli applied to both directions of the square
specimens gave a simple, additional validation instrument for the deformational behaviour.

A parameter study of the long time behaviour of the parquet planks resulted in better
understanding of the influence of creeping on the aforesaid deformations and failure modes.

MATERIAL AND METHODS

A specific parquet floor product from Sweden was tested in the context of this research. The used
parquet consisted of three main layers: surface layer (SL) (3.6mm in the testes product), core layer
(CL) (8.6mm) and backing layer (BL) (2mm), c.f. Fig. 1. The different layers were glued crosswise
together with urea formaldehyde resin. The geometry of one entire plank was 188x14.2x2500mm.
Laboratory tests on basic material and parquet planks were performed to examine basic material
properties, and to provide data for validation of the finite element method calculations.

188mm
Half element = 94mm Helf element = %4mm £
o«
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— Corelayer: Fine (Anus sylvestrisL_)
local coordinate system —— Backinglayer: Veneer pine

Fig. 1: Geometry and consistence of the parquet floor

Test series 1: Tests on basic material

The sorption behaviour, density, static modulus of elasticity in longitudinal direction and the
hygroexpansion factors of pine (Pinus sylvestris L.) and oak (Quercus robur L) have been determined.
The static modulus of elasticity in longitudinal direction was evaluated using a three point-bending
test. For the adsorption behaviour, 20 samples from each species were conditioned in a climatic
chamber of 20° degrees and 25% relative humidity (RH) until they reached equilibrium moisture
content (EMC). Thereafter, the climate has been changed going from 25% to over 50% and up
to 85% relative humidity, all at a temperature of 20°C. The shrinkage and swelling coefficients in
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longitudinal, radial and tangential direction have been measured at changing climate from 60%
down to 25% (shrinking, 20 specimens) and up to 85% (swelling, 20 specimens) respectively, all at
a temperature of 20° Celsius.

Test series 2: Parquet planks

30 square samples with a side length of 150mm were cut out of parquet planks and
conditioned in a standard climate of 20°/65% relative humidity until reaching equilibrium
moisture content. 15 specimens had lacquered surface layer and 15 specimens were non-
lacquered. One dimensional moisture transport was enforced on 5 lacquered and 5 non-
lacquered specimens by applying moisture insulation on the edges. The samples were dried to
a climate of 20°/25 for a period of 28 days. The bending behaviour has been measured at four
points on the surface layer of the specimens. The vertical deformation was measured along two
directions of the plate. In position A according Fig. 2, the grain direction of the core layer
and thus x axis was parallel to the primary axis of the global coordinate system, thereafter 90
degree rotation counter clockwise of the plate was done for the second measurements. The plate
was supported at the downside of point B, G and I.,B’,G” and T’ respectively. Three variables
(thickness of the plate, curvature in x and y direction respectively), describing the vertical
deformation of the specimen, have been evaluated from the eight measurements data using
least square fit and Bernoulli beam theory.
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Fig. 2: Measurement of the plate’s vertical deformation in two directions and evaluation with beam theory
of Bernoulli (At: thickness change, K: curvature in x and y direction respectively)

direction of x axis

~ direction of xaxis

Analytical model A: Calibration model

Basic information about orthotropic elasticity, moisture induced stresses, mechanosorptive
effects and elastic constants can be found in Baronas et al. (2001), Kollmann (1982), Koc and
Houska (2002), Ormarsson (1999) and the Wood handbook (1999).

A finite element model with the same dimension and built up as the test samples of test series
2 has been created for the calibration and verification of the numerical analysis. The glue lines
between the backing and core and core and surface layer respectively, were modelled as a 0.1mm
thick layer (UF resin) with material data taken from Hagstrand (1999). Thermally coupled and
quadratic interpolated brick elements have been used for the calculation. Whereas the diffusion
coefficient [m?2 s1] in formula (1) replaced the temperature T [deg], ¢ [J kg1K1] the specific heat ¢
[J kg 1K1, p [kg/m3] the density (set to 1) and the thermal conductivity A [J sm1K1] in formula
(2), see Carlslaw and Jaeger (1959) and Eriksson (2005).
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For simplifying the transport model, the moisture content at the surface was in equilibrium with
moisture content corresponding to the relative humidity of circulating air, ug,¢ = uy;, . This imposed
boundary condition is called the boundary condition of Drichlet, Koc and Houska (2002). An effective
coefficient of diffusion for the entire parquet plank was determined and compared to results of test
series 2 (specimens with moisture-isolated edges).

Some simplification for the estimation of the effective coefficient of diffusion have been done:

¢ The diffusion coefficient of pine and oak wood and in radial and tangential directed were set as
equal

*  The estimated diffusion coefficient was assumed as constant until 15% MC, e.g. Jonsson (2005)

*  The model does not consider any interfacial layer between the wood layers and the glue layer.
The interfacial layers have been reduced to a continuative 0.1 mm thick composite layer.

'The bending deformations of the plate in plane xz and yz have been calculated and compared to
results of test series 2. The static boundary conditions were included respecting the test set up of test
series 2 according to Fig. 3. The degrees of freedom uy, u, and us were restrained on the lower edge of
point B and in vertical direction u, on the lower edge of point G and I respectively, see Fig. 4. The gaps
between the pine strips in the core layer were modelled as seams in ABAQUS. The layer consisted of
three strips (left, middle and right) each with different direction of the growth rings (longitudinal L,
radial R and tangential T). The material orientation of the surface layer has been varied from 0 degrees
(Tangential direction parallel to uy or x direction according to Fig. 3 until 90 degrees (Tangential
direction perpendicular u; or x direction). The angle of the growth rings has been set similar to the test
specimens of test series 2. Transforming the stiffness matrix of the oak layer’s different strips simulated
the influence of the growth ring’s direction. The transformation was done for both the stiffness matrix
and the hygroexpansion factors. A coordinate transformation of the orthogonal coordinate system
around the longitudinal axis (L) has been performed.
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Fig. 3: Geometry and material of the parquet plank. The angle of the growth rings in the surface layer differs
between the strips
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Analytical model B: Distortional effects

A finite element model (Fig. 4.) was applied to predict the distortional behaviour of
the parquet plank’s central part. Parameter study on the influence of geometry, material
and creeping of the surface layer were performed. The model corresponded to half the
width of the strip and a depth of 26mm. This depth included 2 half width core sticks
(2x12.5mm) and 1mm spacing between the sticks. The depth of the model was relatively
small compared to the length of the parquet planks, which is 2500mm. The parquet strip
was 10mm wide, 14.4mm thick in a three-layer structure (3.6mm surface layer (SL), 8.6mm
core layer (CL) and 2mm backing layer (BL)) glued together with two 0.1mm thick UF
resin layers. The vertical deformation of the parquet planks has been calculated between
point A and point B. These points were located on nodes, point B on the boundary edge
whereas point A was located 10mm from the boundary to minimize the local deformation
shape of the unconstrained face in plane yz at x=0. The surface in plane yz at the value
x=94mm was constraint in u; or x direction according to the coordinate system in Fig. 2.
The surface could not be blocked in u, or z direction in order to allow free movement of the
surface layer in vertically direction. The edge below was also constraint in u, or z direction
for stability reasons. The surfaces in plane xz were constraint in uj or y direction. This
boundary condition simulated an infinite depth of the parquet plank. Coupled temperature-
displacement and quadratic interpolated elements have been chosen for the model.

Moisture exchange
limited to top surface

A (0/14.2/13) T

2(2) ><< ‘

e
J— 1) . 214120
l 9 {u2=0

B (94/14.2/13)

0

3(y) 4
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Fig. 4: Analytical model A: Geometry, static system and boundary conditions used for the modelling of the
distortional effects

Analytical model C: Gap opening

The proposed model was applied to predict the deformation behaviour of the click
joint and the gaps of the surface layer. The model corresponded to half the width of the
parquet plank on the right and left side of the click joint. Because stresses mainly occurred
in xz, the model was reduced to two dimensions. The side edges of the model were coupled
to the reference points A and B in uy or x direction. The symmetrical behaviour has been
introduced to the model by constraint equations. The rotation of the edge at point A
is the same as that of the corresponding surface at point B (4 ;=¢p ;). The horizontal
deformation in u; or x direction had similar values but opposite signs (u4 ;=-u; p). The
model was founded on an elastic layer with a very small E-modulus giving the stability
in u, or z direction. This was done in order to simplify the model, such that no contact
algorithms for modelling the contact with the foundation had to be used. The contact of
the model in the click joint was modelled by a contact algorithm triggering reaction forces
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in the case where the elements of the tongue come in contact with the element of the groove
in the joint region. Seams have been introduced for simulating the gaps in the surface layer.
Coupled temperature-displacement and quadratic interpolated triangular and quadratic
elements were chosen for the model.
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Fig. 5: Geometry, static system and boundary conditions of model C

RESULTS

Model A: Calibration and comparison to test series 2.

The estimation of the moisture transport using different effective diffusion coefficients resulted
in D g=1.8e-11 [m?2 s71]. The value obtained was about 1.5 to 2 times smaller as in Simpson (1993)
for example. The difference may be caused by the influence of the two glue lines in the parquet
element that acts as a moisture barrier.

The specimens without edge isolation (A1-A10 for lacquered and A11-A20 for non
lacquered specimens) reached equilibrium moisture content at a climate of 207/25% after 28
days conditioning. Thus, the numerical analyses were performed as steady state calculation.
The comparison of the vertical deformation v between test specimen and numerical analyze
according to Fig. 6 are shown in Fig. 7. The bending of the plank in xz plane was strongly
dominating (v>>w). The introduction of different angle of growth rings for each of the
tree strips of the surface layer according to Fig. 3 had an important influence on the plates
deformation behaviour. The surface treatment (lacquered (a) or non lacquered (b)) did only
slightly influence the bending behaviour of the square samples.

Fig. 6: Bending v in xz plane
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Fig. 7a: Test results versus numerical FEM calculations, moisture content change from 10.25% to 6.85%.
Bending deformation of lacquered specimens (A1-A10 are the specifications of the samples of test series 2)
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Fig. 7b: Test results versus numerical FEM calculations, moisture content change from 10.25% to 6.85%.
Bending deformation of lacquered specimens (A11-A12 are the specifications of the samples of test series 2)
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Model B: Cupping of the parquet

The cupping effect under drying climate using different material, angle of the growth rings
and geometry has been calculated. At the begin of the calculation the boundary condition of the
surface layer was changed in moisture content from 7.5% down to 5%. The influences of the angle
of the growth rings of the surface, its thicknesses and its materials on the cupping of the parquet are
shown in Fig. 6. The cupping minimum occurs under 45deg (Fig. 8a) in both strips of the surface
layer. Among others, a big influence from the geometry (thickness from the layers, Fig. 8b) and the

species (Fig. 8¢) can be detected.

Fig. 8a: Influence of the surface layer’s angle of growth rings after reduction moisture content from 7.5%
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Fig. 8b: Influence of the surface layer’s thickness after reduction moisture content from 7.5% down to 5%
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Fig. 8c: Influence of the surface layer’s material after reduction moisture content from 7.5% down to 5%

Model C: Stresses in the glue line and gap opening

CUTA

T CUTC

Fig. 9: Model and cuts for stress calculation. S11: Horizontal stress, S22 Vertical stress and 8§12 Shear
stress

Fig. 10, 11 shows results of the influence of the material and geometry on the stress
distribution. The absolute values of the stresses are extremely mesh-size dependent. Maximum
values of the stresses cannot be evaluated in this model. The curves have to be compared on the
basis of their gradients. The main target of the parameter study was to minimize the gradient of
the vertical, horizontal and shear stresses. The vertical stress S22 and the shear stresses S12 in the
glue line can lead to delamination. Steeper curve close to the gap indicates an increased risk for
crack formation and propagation. Here, the highest gradient of vertical stresses can be observed
for the beech wood. The creeping is stress depending see Jonsson (2005) and Hanhijirvi (1995).
Thus, higher horizontal stresses can lead to higher creeping effect in the wood. A stress gradient
in the surface layer may result in stronger creeping of the surface layer at the bottom as on the
top. In Fig. 12, the effect of a creeping gradient in the surface layer has been modelled. The shape
of the vertical stresses S22 after creeping gradient is shown in Fig. 12.
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Fig. 10: Vertical stresses §22 in CUT A: Different materials in the surface and core layer (HDF)
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Fig. 11: Horizontal stresses 811 in CUT B Influence of the geometry of the surface layer
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Fig. 12: Influence of creeping gradient in the surface layer

CONCLUSION

A design with a model of a whole parquet system helps finding optimal solutions in terms
of stresses in the glue line and gap opening of the surface layer. Here, the finite element method
brings several advantages compared to traditional testing. The time needed for simulating changing
climatic cycles is much smaller compared to laboratory tests. The design process of wood flooring
systems should include basic material testing, finite element analyses and, finally, testing of the
developed product. Other advantages include the possibility to optimize the geometry of the
joint and the lay-up of the planks in a rather straightforward manner. The material and the angle
of growth ring in the surface layer have a considerable influence on the deformation and stress
distribution of the parquet planks. An angle of 45° (between tangential direction and horizontal
plane) in the surface layer minimized the cupping deformation. From the design perspective, results
based on calculations with elastic properties of the glue line without introducing creeping factors
are conservative; bigger deformations than experienced in practice are predicted. The material
properties of the glue line and lacquer are difficult to determine, although the finite element
method can be used for parameter estimation. The material properties of the glue line and lacquer
are difficult to determine, although the finite element method can be used for parameter estimation.
The long time behaviour of the glue line did not considerably influence the deformation and stress
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distribution. It seems to be a good approach in terms of modelling to assign the UF resin layer

properties making it less hygroscopic than wood and acting as a linear elastic layer. A hygroscopic
material model may make more sense for the wood material than for the glue line. Periodic loading
can increases the creeping effect, delamination may also occur after several summer - winter cycles.

10.
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12.

100

REFERENCES

Baronas, R., Ivanauskas, F., Juodeikiene, 1., Kajalavicius, A., 2001: Modelling of moisture
movement in wood during outdoor storage. - In: Nonlinear Analysis: Modelling and control
3(2): 3

Bodig, J.; Jane, A., 1982: Mechanics of wood and wood composites. - Van Nostrand
Reinhold, New York, 712 pp.

Carslaw, H.S., Jaeger, ].C., 1959: Conduction of Heat in Solids. — Oxford University Press,
London, 510 pp.

Eriksson, J., 2005: Moisture transport and moisture induced distortions in timber. -
Doctoral Thesis, Departement of Applied Mechanics, Chalmers University of Technology,
Goteborg, 148 pp.

Hagstrand, P-O., 1999: Mechanical analysis of melamine-formaldehyde composites -
Doctoral Thesis, Departement of Polymeric Materials, Chalmers University of Technology,
Goteborg, 44 pp.

Hanhijirvi, A., 1995: Modelling of creep deformation mechanisms in wood. -Dissertation,
Technical Research Centre of Finland, Espoo, 143 pp.

Koc, P., Houska, M., 2002: Characterisation of the sorptive properties of spruce wood by the
inverse identification Method. Holz als Roh und Werkstoff 60: 265-271

Kollmann, F., 1982: Technologie des Holzes und der Holzwerkstoffe 2. Auflage- Springer
Verlag, Berlin, Heidelberg, New York, 1050 pp.

Jonsson, J., 2005: Moisture induced stresses in timber structures. -Doctoral Thesis, Report
TVBK-1031, Division of Structural Engineering, Lund University, 49 pp.

Ormarsson, S., 1999: Numerical Analysis of Moisture-Related Distorsions in sawn timber. —
Doctoral Thesis, Departement of Structural Mechanics, Chalmers University of Technology,
Goteborg, 213 pp.

Simpson, W.T., 1993: Determination and use of moisture diffusion coefficient to characterize
drying of northern red oak (Quercus rubra), Wood science and technology. 27: 409-420
Wood handbook, 1999: Wood as an engineering material. USDA Forest Products
Laboratory, Forest Laboratory, Wisconsin, USA (online)



Vol. 54 (1): 2009

SAMUEL BLUMER
Lunp UNIVERSITY
DivisioN oF STRUCTURAL MECHANICS
Lunp
SWEDEN

PeTER N1IEMZ
Swiss FEDERAL INsTITUTE OF TECHNOLOGY
INsTITUTE FOR BUILDING MATERIALS
ZURICH
SWITZERLAND

Erix SERrRANO
Swiss FEDERAL INSTITUTE OF TECHNOLOGY
INSTITUTE FOR BUiLDING MATERIALS
ZURICH
SWITZERLAND

PER JoHAN GUSTAFSSON
Swiss FEDERAL INsTITUTE OF TECHNOLOGY
INSTITUTE FOR BUiLDING MATERIALS
ZURICH
SWITZERLAND

101



WOOD RESEARCH

102




<<
  /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 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /OPM 1
  /ParseDSCComments false
  /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 (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


