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1. Introduction

A Short Term Scientific Mission (STSM) of COST Action E55 - Modelling the performance of
timber structures - has been undertaken for exchanging knowledge and experiences about the
dynamic performances of timber flooring structures. Humans in residential or office buildings
can sense excessive floor vibrations, which produce a certain level of discomfort. Unsatisfying
vibrational floor behaviours are serviceability issues. These issues are not satisfactorily
addressed in the current design standards. Furthermore, although the establishment of the
Eurocodes provides harmonisation of design criteria within the member countries, this
harmonisation is not reached for floor vibration design in different countries such as Finland and
UK. The EC5 design criteria are either partly modified (UK National Annex) or completely
superseded (Finnish National Annex).

Research in the area of floor vibrations has been continuously carried out at Napier University in
Edinburgh of Scotland and at VIT Technical Research Centre of Finland in Espoo, whereas
different methods and techniques are used at the two institutes, which are focused on different
aspects. The research that has already been undertaken at VIT includes investigating human
discomfort due to vibrations of light-weight floors and classifying the structural floor
performances. Fundamental natural frequency, acceleration, velocity and dynamic displacement
of the flooring systems were the main parameters examined (Talja et al., 2002; Toratti et al.,
2002, 2006). The research carried out at Napier University focuses on the effect of structural and
non-structural modifications on the dynamic response of timber flooring systems. Natural
frequencies, mode shapes, damping ratios and static deflections are the parameters of main
interest (Weckendorf et al., 2006, 2007).

In brief, while the research at VTT is especially aimed to assess and classify the floor
performances, the research at Napier aims to identify contribution of individual structural and
non-structural components on variation in the dynamic response. This has formed a strong basis
for the undertaken STSM, for exchanging and enhancing the expertise with respect to different
measurement and analysis procedures, and design, construction and assessment methods.

1.1 Objectives

The Memorandum of Understanding (MoU) of COST Action ESS5 states that "attributes such as
high performance regarding reliability, serviceability and durability are generally not
associated with timber as a building material." One of the main objectives of the Action is to
improve "the knowledge concerning the behaviour of timber structural elements". Excessive
floor vibrations are serviceability issues. The described research projects will provide a better
understanding of the problems and show the effect of structural modifications on dynamic floor
performances. The MoU further states, "However, whereas the codes and regulations for the
design of concrete and steel have undergone a remarkable modernisation over the last two to
three decades, codes and regulations for the design of timber structures are falling significantly
behind." In this STSM it is specifically concentrated on the different design, assessment and
construction methods in Finland and the UK due to the fact that reconsideration of the design
rules with regard to floor vibrations is required. Contribution to design criteria is continuously
made by VTT and is aimed to be also made by Napier University in the near future.
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2. Design Guides for Controlling Floor Vibrations

The Eurocodes have been established to serve as pan-European standards in form of harmonised
design criteria within the member countries to build a common basis for design, research and
development. The design of timber structures is covered in Eurocode 5 (EC5). The criteria
associated with timber floor vibrations are part of the serviceability limit states (SLS) in ECS5.
National Annexes to EC5 provide the modified or additional design criteria by considering local
design aspects.

The design rules in EC5 to control timber floor vibrations are based on the research carried out
by Ohlsson (Ohlsson, 1982, 1988). A floor having a fundamental frequency above 8 Hz is
considered to be a high-frequency floor, where "the resultant vibration is made up of a low-
frequency semi-static component [...] and a number of resonance dominated components [...],
which are of the same magnitude, or larger than, the semi-static component" (Ohlsson, 1994).
Limiting the unit point load deflection of the floor is believed to satisfy the floor performance
regarding the semi-static component. The resonance dominated components are to be controlled
by limiting the unit impulse velocity response.

Referring to the ECS it is thus required that for floors with a fundamental natural frequency
greater than 8 Hz the deflection under a unit point load and the unit impulse velocity response of
the floor are limited. Equations for calculating the fundamental natural frequency, unit impulse
velocity response and the velocity limit are provided. A limit for the unit point load deflection
and a method for calculating the deflection are not given. The ECS does not provide guidance for
low-frequency floors.

2.1 Design in the UK and Finland

To design the floors with respect to its vibrational performance in the UK, the design rules of
ECS5 are adopted. Due to the lack of formula and limiting value regarding the deflection criterion
in ECS, guidance for determining the deflection and its limit is introduced in the UK National
Annex (UK NA to EC5-1-1). Furthermore, the damping ratio for calculating the design limit for
the unit impulse velocity response in EC5 has been doubled in the UK NA.

In the Finnish National Annex (FI NA to ECS5-1-1), completely new design criteria are
established. After classifying the floors as low- or high-frequency floors at a threshold level of 9
Hz, only a deflection limit applies for high-frequency floors. Guidance for low-frequency floors
is not given.

Table 1 provides a comparison of the design guidelines used in Finland and the UK. Table 2
shows the calculation methods to be used and Table 3 shows the limiting values. For details of
the individual factors, see EC5, UK NA to EC5-1-1 and FI NA to EC5-1-1.

2.2 Summary regarding design criteria

There are certain limitations and uncertainties when floors are designed with respect to the EC5
criteria. First of all, it is distinguished between low-frequency floors and high-frequency floors.
Whereas design criteria are provided for high-frequency floors, guidance for the design of low-
frequency floors is not given. The design thus needs to assure a fundamental frequency that is
above the given threshold for classification. For the design of high-frequency floors, unit point
load deflection and its limit need to be determined. Formulae for the calculations of these and the
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corresponding limits are not included. The calculation methods for the velocity response and its

limit are questionable since their validation is not easily proven (Hu, et al., 2001; Zhang, 2004).

Table 1: Comparison of floor classification and design guidance

Country Low-frequency floor High-frequency floor
Condition Guidance Condition Guidance
1) Limiting unit point
UK (based fi<8Hz N/A fi>8Hz load deflection w
on ECS) 2) Limiting unit impulse
velocity response v
Limiting unit point
FI (NA) fi<9Hz N/A fi>9Hz )
load deflection ¢

Table 2: Design equations for calculating frequency, deflection and velocity

Country Fundamental frequency Point load deflection Velocity response
"For a rectangular floor [...],
simply supported along all four
UK edges [..]" (EC5-1-1) 10002k, | 404+406m,)
5 =L [ED, W= 48(EI) mL B+ 200
20°N m 1o
for 2-side supported floors:
o |(ED),
=0
F?
for 4-side supported floors: S = mind ¥2 ks - (ED),
FI (NA) - Fo3 N/A
x |(EI), _—
oV (Y| (ED),
I+(2:—| +|—
b) | (EI)
!

Classification of the structures as low- and high-frequency floors and assessment of their
dynamic performances differs in Finland and the UK as this can be easily seen from the design
rules. There are two formulae provided in the FI NA to calculate the fundamental frequency.
One is used for floors supported along two edges and the other for floors supported along four
edges. The formula in the FI NA used for two-side supported floors is the one used in EC5 "for a
rectangular floor [...] simply supported along all four edges [...]." This comment in the ECS5 is
irritating since it creates the impression that the formula is rather to be used for floors supported
along four edges. However, this simplified formula may rather be valid for two side supported
floors but is also used for floors with supports along four sides.
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It can be noted that the formulae for calculating the deflection are adopted from the general
deflection equations for beams and plates but have been modified to account for factors such as
load distribution in the UK NA. Also, detailed guidance on the design of more complex flooring
structures is not given. The uncertainties of the formulations are more comprehensively shown in
the following section where simple and complex structures from the UK and Finland are
assessed by the available design criteria.

Table 3: Design limits for frequency, deflection and velocity

Country | Fundamental Point load deflection Velocity response
frequency
v <pEHED
1.8 mm/kN for / <4000 mm -
UK (NA >8 H - —
(NAY L /=8 HZ 0500/ mm/N  for 1> 4000 mm where ¢=0.02
(EC5: £=10.01)
(ED)y
. EI
0.5xming VED N for 7< 6000 mm
FI (NA) fi>9Hz i N/A
0.5 mm/kN for /> 6000 mm

An additional 0.5 mm deflection can be
allowed in case of floating and raised floors

3. Investigation of Finnish and British Flooring Systems

Before the STSM started, flooring structures had been built and tested in laboratory conditions at
VTT and Napier University. A Finnish and a British timber flooring system have been selected
for a detailed analysis using the classification and assessment methods of EC5 and the Finnish
and UK National Annexes. The flooring structures are representing the typical construction
styles in either country and are described below.

3.1 The Finnish floor

The Finnish test floor had dimensions of 6.0x4.3 m. LVL joists of 51x400 mm, spaced at 600
mm centres, were used for the structure. The ends were connected to LVL rim boards, which had
the same dimensions as the joists. The floor was simply supported on timber walls along all 4
sides and decked with 18 mm thick plywood boards which were connected to the joists using
glue and screws. A 60 mm concrete screed was added on top of a 30 mm thick hard mineral
wool (ASL2) layer that was placed on the plywood deck. The concrete screed had no structural
connection to the flooring structure. LVL blockings, staggered between the main LVL floor
beams at the third points of the span and glued to the deck, and tension bars below the rows of
blockings were used as transverse stiffeners. The plywood decking layer and the tension bars are
the only continuous primary floor structural elements in the transverse direction. However, also
the concrete screed helped to distribute the load in the direction perpendicular to the joist
direction. Figure 1 shows a Finnish test floor in construction, before isolation and concrete layer
were added, representing a typical Finnish flooring structure.
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Figure 1: Typical Finnish floor, similar to the test floor described: constructed with main
solid timber beams, blocking elements, tension bar and plywood deck

o -

3.2 The British floor

The British test floor had dimensions of 3.5x2.44 m. I-joists with a depth of 220 mm were
spaced at 400 mm centres. The ends were fixed to Glulam rim boards. The 19 mm thick
chipboard decking layers were fixed to the joists using screws at a spacing of 300 mm. The floor
was supported on timber beams along 2 edges, whereas the bottom flanges of the I-joists were
connected to the supports using screws at the joist ends. Figure 2 shows the British test floor.

3.3 Summary of construction practices

In Finland LVL or solid timber beams are usually used for constructing flooring structures.
Blockings as transverse stiffeners are recommended to be used. Furthermore, it is a standard
procedure to use adhesives in addition to screws for fixing the plywood decking to the joists. A
concrete screed is in some cases laid on top after hard mineral wool isolation has been added. In
the UK, I-joists are used nowadays to form the flooring structures. Adhesives are only
occasionally used for fixing the decking to the joists. Concrete screed is usually not utilised for
timber floors in the UK.
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Figure 2: Typical British floor built with I-joists and chipboard deck for a deflection test

4. Investigation of Design Criteria

The Finnish and British flooring structures were examined with respect to the design rules of
ECS only, ECS with the UK NA and the FI NA. Comparisons were made for the measured and
calculated values including the limits and for the design to the nationally determined parameters
(NDPs) and criteria.

4.1 Investigation of the Finnish flooring structure

The Finnish flooring structure has been assessed at two different construction stages: before and
after the concrete screed was added to the flooring system. Due to the plywood layer being glued
to the floor joists, full composite action of plywood deck and joists was assumed. Since the EC5
does not give any advice for consideration of composite action and this effect may sometimes be
neglected for simplicity, the calculations for the fundamental natural frequencies have been
repeated where composite action was not considered. For all other calculations composite action
was included. To determine the stiffness in the transverse direction, composite and non-
composite [-sections have been assumed to be effective at the position of the blocking and
tension bar, where the tension bar acted as the bottom flange, the plywood deck as the top flange
and the blockings as the web. For not overestimating the transverse stiffness, however, a width
of 0 mm has been assumed for the web.
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From Figure 3, it can be seen that the predicted frequencies are significantly higher when full
composite effect is considered. It can also be noted that the mass of the concrete drastically
reduces the fundamental frequencies in a region that becomes critical for design. The predicted
frequencies based on the design rule of the FI NA for floors supported along four edges and of
the simplified design rule of EC5 are very close if only the timber structure is considered. In case
of the floor with concrete screed, however, the calculations to the Finnish formula result in
higher fundamental frequencies by up to 12% compared to the calculations to the EC5 formula.
If the structure has no concrete screed, the fundamental frequency is well above the thresholds
but over-predicted if full composite effect between the deck and joists is assumed (Figure 3(a)).
For the flooring structure with concrete screed, the predicted frequencies are below the measured
ones and thus on the safe side (Figure 3(b)).

From Figure 4 it can be noted that all the predicted deflection values are at least 83% larger than
the measured values. It can also be clearly seen that the added concrete screed has halved the
actual floor deflection in comparison with the floor without the concrete screed. In all cases, the
floors would result in satisfactory performances if the UK design criteria are applied. In the case
of the floor without concrete topping (Figure 4(a)), the floor would be rated as unacceptable with
regard to the Finnish design rules, even though the actual measured value is below the limit and
the floor thus misclassified. The predicted values with respect to the different design criteria are
close. For the floor with concrete screed (Figure 4(b)), the deflection calculated using the UK
design rule is 72% higher than that determined from the Finnish formula.

The velocity criterion is not part of the Finnish design guide but is included in EC5 and the UK
NA. From Figure 5 it can be noted that the allowance with respect to the UK National Annex is
much higher than the one to the ECS5. The addition of the concrete screed considerably reduced
the velocity response and the limits. However, the velocity response is not a critical criterion in
this example.
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@ Design to Finnish NA

m Design to EC5 incl. UK NA

= 1. meas = 24.00 Hz

= FI NA threshold
T EC5 threshold

no composite action full composite action

(a) Without concrete screed

26.00 [

@ Design to Finnish NA
m Design to EC5 incl. UK NA

Frequency f1 [Hz]

f1. meas = 12.00 Hz

= FI NA threshold
= EC5 threshold

no composite action full composite action

(b) With concrete screed

Figure 3: Measured and predicted fundamental frequencies with respect to the design
thresholds in Finland and UK for the Finnish floor
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Figure 4: Measured and predicted point load deflections with respect to the design limits in

Finland and the UK for the Finnish floor

JAN WECKENDORF « NAPIER UNIVERSITY « 10 COLINTON ROAD « EDINBURGH EH10 5DT + UK
TELEPHONE +44 (0) 131 455 2837 « E-MAIL JJWECKENDORF@NAPIER.AC.UK



A Comparison of Design, Construction and Dynamic Performance of Timber Floors in the UK and Finland 10

0.1

0.10 —— — —— —— —— ———————E—E—E—E— e K NA |imit

0.09 - mDesignto EC5 and UK NA

0.08

0.07

0.06

0.05 +

0.04

Velocity response v [m/s/[Ns]]

0.02

0.01 -

0.0153

0.00

(a) Without concrete screed

0.10

0.09 |1 @ Designto EC5 and UK NA

0.08

0.07

0.06

0.05

o
o
=

Velocity response v [m/s/[Ns]]
o
o
w

o

o

¥}
T

0.01
0.0022
0.00 [ 1

(b) With concrete screed

Figure 5: Predicted velocity responses and limits with respect to ECS and the UK NA for
the Finnish floor
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4.2 Investigation of the British flooring structure

The deck of the British flooring structure was fixed to the joists using screws, which means that
a certain degree of composite action was achieved. The fundamental frequencies were calculated
by assuming no composite action first and then an appropriate level of composite action due to
the screw fixing. In all other calculations composite action was accounted for. The degree of
composite action has been calculated using the guidelines in EC5 (§B.2 in ECS5). The formulae
for calculating the natural frequencies of the British floor were the same for Finland and the UK
since this floor was supported along two edges only so that there are no differences in frequency
predictions (see Table 2).

Figure 6 shows that all calculated natural frequencies lie well above the threshold levels, but it
must be mentioned that the flooring structural elements were slightly oversized. However, no
matter whether composite action was considered, the measured fundamental natural frequency
was over-predicted by up to 20%.

32.00
3000 1 O Design to Finnish NA

m Design to EC5 incl. UK NA

28.00 H
26.00
24.00 -
E‘ZZ.OO

= 1. meas = 25.30 Hz

+ FI'NA threshold
* EC5 threshold

30.64

no composite action composite action

Figure 6: Measured and predicted fundamental frequencies with respect to the design
thresholds in Finland and UK for the British Timber floor

From Figure 7 it can be seen that the design to the FI NA provides relatively accurate prediction
of the unit point load deflection, the design to UK NA underestimates the actual floor deflection.
Whereas the measured and predicted deflection values are well below the UK limit and would
thus be regarded to be acceptable, they are well above the Finnish limit and thus regarded to be
unacceptable in Finland.

Figure 8 shows that the velocity response is not critical for design in this example. However, it
can be clearly noted that the corresponding limit to the UK NA is far more generous than the one
to ECS.
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Figure 7: Measured and predicted point load deflections with respect to the design limits in
Finland and the UK for the British timber floor
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Figure 8: Predicted velocity responses and limits with respect to ECS and the UK NA for
the British timber floor
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4.3 Summary of investigations

For the classification of a flooring system as high frequency floor in Finland, the fundamental
natural frequency needs to be above a threshold that is more than 12% above the EC5 (and thus
UK) requirement. The design then relies on a static deflection criterion where the allowable
deflection is usually below the UK limit. In the EC5 and the UK NA, a velocity response
criterion is included additionally.

The simplified formula in EC5 for calculating the fundamental natural frequency for floors
supported at four edges gives similar predictions as the precise formula of the FI NA for pure
timber structures. However, it is recommended to use the Finnish formula if a concrete screed is
used since it leads to more precise results, which can be considerably higher than those from the
simplified formula. The deflection criteria overestimate the measured unit point load deflection
of the two investigated Finnish flooring structures by at least 83%. The criteria yield predictions
closer to the measurement for the UK timber floor, but the deflection is under-predicted to the
UK NA and may thus not be on the safe side. The velocity limit to the UK NA is more generous
than that to the ECS5 and is 65 - 289% higher in the examples shown.

The obtained calculations reveal that it is a complex task to make accurate assumptions for
determining the transverse stiffness if, beside the decking layers, transverse stiffening elements
are used. Simple guidance for estimating the crosswise stiffness is neither provided in the
Eurocode nor properly defined in the National Annexes of Finland and the UK. The examples
also demonstrate that it is unclear whether composite action should be accounted for in the
calculation of the fundamental natural frequency. Whereas consideration of composite action of
boards and joists leads to reasonable predictions for the frequencies of the Finnish floor,
frequencies are overestimated by more than 21 % for the British floor.

5. Conclusions and Recommendations for Future Work

The research undertaken for the STSM shows the differences in the design, construction and
assessment methods in Finland and the UK. Overall it can be observed that the Finish design
rules are stricter than those of the UK, the latter being even more generous than the criteria in
EC5. Whereas all three flooring types investigated show satisfactory performances with regard to
the UK design rules, two of the systems would be classified as unacceptable to the Finnish
standards. Nevertheless, neither in UK nor in Finland can the dynamic parameters be predicted
accurately in all cases, which can result in misclassification of flooring structures as confirmed
by the NDPs.

Reconsideration of the design rules and guidance for more accurately determining the crosswise
stiffness as well as recommendations regarding composite effects are needed. Future research is
also needed to show whether different construction practices justify different design methods in
different countries. The procedures for more accurately calculating the floor performances,
thresholds and limits need to be further harmonised. Furthermore, parametric studies on the
velocity response criterion as currently used in the UK are required to assess whether this design
rule is redundant or needs modification due to a relatively high limiting value, which may satisfy
this criterion easily in common cases. This may then need further reconsideration of the given set
of design criteria regarding dynamic floor performances in the EC5 to produce appropriate
guidance for the UK NA.

JAN WECKENDORF « NAPIER UNIVERSITY « 10 COLINTON ROAD « EDINBURGH EH10 5DT + UK
TELEPHONE +44 (0) 131 455 2837 « E-MAIL JJWECKENDORF@NAPIER.AC.UK



A Comparison of Design, Construction and Dynamic Performance of Timber Floors in the UK and Finland 14

6. Acknowledgements

The Short Term Scientific Mission at VIT Technical Research Centre of Finland was very
valuable since it provided the opportunity for meeting experts in the field of dynamic
performances of flooring structures and obtaining access to test data and literature not available
in the UK and eventually allowed a comparison of design rules, construction practices and
assessment methods of Finland and the UK. The mission offered thus good networking
opportunities, widened the knowledge and produced results, which are valuable for research in
the field of light-weight floor vibrations. In particular, the proposal for this STSM by Dr.
Binsheng Zhang, the very kind and supporting supervision of the host Dr. Tomi Toratti, the help
of VTT scientists, the provision of material and facilities from VTT and the kind support of the
COST committee given for the accomplishment of this STSM are all gratefully acknowledged.
Further acknowledgment is due to James Jones and Sons Ltd., which provided the materials for
the UK test floor.

7. References

British Standards Institution (2004), BS EN 1995-1-1: Eurocode 5 [EC5-1-1] - Design of timber
structures - Part 1-1: General - Common rules and rules for buildings.

British Standards Institution (2004), The UK National Annex to EN1995-1-1 [UK NA to
EC5-1-1]: Design of timber structures - Part 1-1: General - Common rules and rules for
buildings.

COST Action E55 Committee (2006), Memorandum of Understanding, Brussels, Belgium.

Hu L., Chui Y.H. and Onysko D.M. (2001), Vibration serviceability of timber floors in
residential construction, Progress in Structural Engineering and Materials.

Ohlsson S. (1982), Floor Vibrations and Human Discomfort, PhD thesis, Chalmers University,
Sweden.

Ohlsson S. (1988), Springiness and Human Induced Floor Vibrations - A design guide, Swedish
Council for Building Research, Sweden.

Ohlsson S. (1994), Floor vibration - A serviceability problemt, Dynamics in Design, Chalmers
University of Technology, Sweden.

Talja A., Toratti T. and Jaervinen E. (2002), Lattioiden virdhtelyt - Suunnittelu ja kokeellinen
arviointi, VIT Technical Research Centre of Finland, Espoo, Finland.

Toratti T., Talja A. and Jaervinen E. (2002), Classification of human induced floor vibrations in
buildings: A wood-concrete composite floor example, The 7™ World Conference on Timber
Engineering (WCTE), Shah Alam, Malaysia.

Toratti T. and Talja A. (2006), Classification of human induced floor vibrations, Journal of
Building Accoustics, Essex, UK, 211-221.

Weckendorf J., Zhang B., Kermani A., Dodyk R. and Reid D. (2006), Assessment of vibrational
performance of timber floors, The World Conference on Timber Engineering (WCTE),
Portland, Oregon, USA.

Weckendorf J., Zhang B., Kermani A. and Reid D. (2007), Vibrational behaviour of timber
floors — experimental investigations, The 3rd PRoBE Conference, Glasgow Caledonian
University, Glasgow, UK.

VTT Technical Research Centre of Finland (2007), The Finnish National Annex to EN 1995-1-1
[FI NA to EC5-1-1]: Puurakenteiden suunnittelu - Osa 1-1:Yleiset sddnnét ja rakennuksia
koskevat sddnnot.

Zhang B. (2004), Parametric study on the design of timber floor joists to Eurocode 5 and
National Annex, Technical document for BSI Technical Committee B/525/5, TRADA, UK.

JAN WECKENDORF « NAPIER UNIVERSITY « 10 COLINTON ROAD « EDINBURGH EH10 5DT + UK
TELEPHONE +44 (0) 131 455 2837 « E-MAIL JJWECKENDORF@NAPIER.AC.UK




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


