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Abstract

The experimental-numerical model for the ground-borne vibrations calculation
arising from railway traffic is introduced. The prediction of the free-field dynamic
response at the ground distance point (from the railway track) calculation procedures
using spectral analysis means using the input experimental of data as described in
this paper. The calculation of the ground-borne vibration level at the distance is
based on the viscous-elastic soil model [1,2,3,6,7]. At a distance free-field response
numerical results are presented using response spectra or power spectral densities
(PSD) and the frequency response function (FRF) of the viscoelastic soil medium,
[6,8,9,10,11]. In the next step the response spectra at the distance ground point can
be applied for the dynamic response of structures (engineering and building)
calculation arising from railway traffic using the relevant computational building
structure model. The main aim of this paper is to point the related problem of the
vibration caused by traffic on surface railways, a subject which has been treated very
little up to now.

Keywords: microtremor, railway traffic effects on structures, prediction dynamic
half space and structures response models, in situ experimental tests, ground
vibration and structure response spectra, spectral analysis.

1 Introduction

The structures of the existent railway have many features, which are capable of
supplementing the basic stress field beneath the train. Any unsteady riding of the
vehicle such as bouncing, rolling, pitching and yawing must result in additional
fluctuating forces on the track structure. Recognized defects such as eccentric
wheels, unbalanced wheels and wheel-flats may also contribute to ground
disturbance. The track itself does not provide uniform support: the rails, themselves
of fixed length, are supported on sleepers placed at regular intervals, and the sleepers



are in turn surrounded by and rest upon stone ballast. This ballast bed may by its
very nature provide a somewhat variable support, and voids below the some
occasional sleeper are well-known faults. All of these track features can be expected
to contribute to the stress field present in the ground below and beside the train, and
hence contribute to the vibration disturbances, which propagate to the wayside. The
experimental evidences point out the impacts from the wheels passing over the rail
joints have significant influence on ground vibration transmitted from railway to
nearby regions and the spectral characteristics of the ground-borne vibration can be
significantly dependent on: (i) a unit train of identical vehicles produces ground
vibration at frequencies which are related to wagon length, (ii) vibration which are
produced by passing steady wheal load over the discrete support provided by
sleepers this effect is independent on inertia effects, (iii) vehicle vibrations (inertia
effects) and (iv) track irregularities.

The increasing interest and awareness for the problem of vibrations in the built
environment due to traffic among the population and the local and state authorities
has triggered off the need for a better insight in the physical phenomena involved in
the problem and for an estimate for the expected vibration levels. Prediction models
for ground vibration from railway train to nearby region involve consideration of
two processes: (1) the vibration generation process, and (2) the vibration
propagation process. These processes should be treated separately.

Empirical prediction models show a close relationship to a set of experimental
data but the application of the model is limited to similar conditions. Also these
models do not always provide insight in the influence of specific parameters.
Numerical prediction models allow the influence of various parameters to be
investigated [8,12,13] but a validation of the model with experimental data is
required to verify the underlying theoretical assumptions. Even though the
validation focuses on traffic induced vibrations, the numerical prediction model can
be generally applicable to other types of vibration sources.

An analytical expression for the spectral density of ground vibration as functions
of distance from both roadways and railways respectively is formulated in terms of
rail and wheel roughness, vehicle characteristics, track—soil interaction forces and
the frequency response function for the ground. The use of the random process
theory to predict the level of ground vibration in the vicinity of railways via
calculation of the spectrum of vibration at half — space point is possible by the two
principal ways: (i) — using a computer implementation of the theoretical expression
for the rail roughness spectrum, the vehicle mass distribution spectrum and a model
of vehicle dynamics and track—soil interaction and the frequency response function
(FRF) of the ground by a method involving integral transform, (if) — using average
response force spectrum derived from experimental data for authorized railway
category with corresponding track profile and the FRF of the ground or case study
experimental data and calculate response spectrum vibration at point by the same
way as mentioned in (i). The random process theory in the dynamic ground
properties investigation can be utilized as well. Also via the input signal (due to
traffic) measurement into the ground and the output signal measurement passing
through the ground, frequency response function, elastic and attenuation
characteristics of the ground can be obtained, [4,15,16].



2 The analytic - experimental prediction models

The literature review [15,17,18] shows that the prediction models still use
simplifications to predict the ground—borne vibrations due to railway traffic. The
analytical prediction model [22] results have given good agreement with measured
ones and are applicable for real engineering needs and it is suitable to be mentioned
it here. In this model impacts from the wheels passing over the rail joints are
assumed to generate the damped free vibrations in the rail. These generated
vibrations are then transmitted to ballast, roadbed and ground. If the frequencies of
the generated vibrations are much higher than the natural frequency of the ballast,
the input to the ballast is given from the envelope function of the vibration generated
at the rail. The ground vibration recorded at a distance from a railway is analysed
assuming it to be a random and statistically stationary function of time. Perhaps the
most descriptive representation of the traffic influence on a half space is provided by
a response spectrum. In proposed procedure we consider the response at a point due
to random line excitation it needs to apply spectral analysis theory to predict the
level of ground vibration at the distance by vibration spectrum calculation via FRF
of the ground.

The analytic—experimental approach suggests the test and the theory data
combination to calculate the prediction level of ground vibration. In this process as
an input signal can be used accelerations spectra (or spectral densities) derived from
experimental data bank for authorized railway category with corresponding rail

profile or accelerations spectrum S () measured at nearest ground point to the
track for individual case study. On the surface of a linear viscous—elastic half space,
the displacement response spectrum S,,,,(@) can be expressed in terms to the input

spectrum of ground vibration accelerations S (a)) [4] by

wn _|H | Sww (2.1)
where |H(w)| is the frequency response functlon magnitude for the half space
medium and W(¢) is vibration accelerations of the surface measured at a distance y
from the measured point near the track. In this approach it can be used as the input
spectra Sy (w) measured at nearest ground point to the track. The frequency
response function (transfer function) of the ground can be derived via experimental
impulse seismic method (ISM) or cross—hole test data, from which elastic and
attenuation parameters of the ground can be obtained, too. The measuring output
response acceleration spectrum at the distance Syyi(w) due to input accelerations

spectrum S (@) the FRF — H(w) is possible derived by (2.1), too.

2.1 Case study - ground vibration transmission from a railway
2.1.1 Experimental tests description

An experimental study of ground vibration transmission from a railway was carried
out [22], adjacent to the ZSR railway Bratislava — Vienna, track No.1 (No.2) in
Bratislava (BA). The track is straight and well situated on level ground (sandy loam



-3,5m and gravel sand —12,0m). This permits the ground to be modelled as a
damped, viscoelastic half space. The viscoelastic model of soil simulation using the
complex modulus conception — E =E(1+6;) and G =G(1+5) respectively, offers a
very good approach to the actual soil behaviour (E, G and or ~ o are real and
imaginary components of complex modulus). The basic equations used to describe
the viscoelastic half space analysis of wave propagation through ground with
modulus in complex form cannot be fully described here, see [2],[7]. The Raleigh’s
and shear waves propagation in half space are analysed in this form in [3].

The experimental tests for the purpose of the evaluation of elastic and attenuation
soil parameters were performed at the test site. The ground vibrations due to train
were measured at the test site adjacent to the track at distances of 3,0(7,3)m, 13,0
(17,3)m and 23,0(27,3)m respectively by accelerometers BK — 8306 (Briiel — Kjaer).
The accelerometers and impulse positions are plotted in Figure 2.1. The output
signals from the accelerometers were preamplified and recorded on portable PC
equipped with A/D converters software packages NI and DISYS. The experimental
analysis has been carried out in the Laboratory of the Department of Structural
Mechanics, University of Zilina. The ground vibrations frequencies were obtained
using spectral analysis of the recorded soil response dynamic components, which are
considered ergodic and stationary. Spectral analysis (spectra, PSD) was performed
via National Instrument software package NI LabVIEW. The wave velocities have
been investigated by means of the correlation and spectral analysis in order to obtain
cross correlation functions R,,(¢) and coherence function yxyz(f).

Vibration propagation process experimental spectral analysis. The object of the
experimental measurements was to find: spectral characteristics of the vibration
components of the track near region soils by the acceleration power spectral
densities Gi(f)—input PSD, Gu(f)—output PSD, Gu(f)—cross PSD, and the soil
frequency characteristics expressed by the frequency response function H(f) or by
gain factor of the response function | H(f) |, respectively. The pickups positions are
shown in Figure 2.1. The roadbed and ground accelerations of the vibrations were
recorded using portable notebook computer with relevant software and hardware
facilities. As an example, one of the spectral analysis results (PSD) of the vibrations
accelerations induced by train in the ground at measured point BK1 is shown in
Figure 2.2. From experimentally obtained accelerations time histories — w(¢) and
spectrum — () or PSD — Gi(f) of ground vibration at the track nearest region is
possible [4] to calculate by eq.— G, (f)=H(f)G,(f)

1) the response spectrum Syyi(f) or PSD — Gu(f) at the distance point on the
surface of a linear viscous — elastic half space via FRF of the ground (from ISM
impulse tests),

i1) the FRF—H(f) of the ground medium via input-G;(f) and output—Gy(f) PSD
measured at the track nearest region and at the distance point respectively.

2.1.2 Experimental tests results at nearby track region

The object of experimental measurements [22] of stationary signals due to moving
trains was to find:
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* the soil frequency characteristics FRF—H(f) expressed by the vibration
accelerations PSD — Gi(f), Gu(f),

» the Raleigh’s and shear wave velocities vz and v, by cross correlation function
R.(w), then derive the initial shear modulus G, =v;p Fy, , where Fy is a real

component of complex roots of frequency equation [7], and p is mass density
of soil,

« the attenuation coefficient a (m™"), obtained by standard deviations o(0), o(»)
of displacement amplitude vibration at the distances /,/, from source of
excitation using the displacement power spectral densities Gii(o) and Gkk(y). The
coefficient of attenuation is then defined as follows

a=(1,-1,) " inlkoy/0,); Kk=1,/1)">. (2.2)

The results of the stationary signal tests are as follows,[23]:

« ve=16020ms '; 5,=0.092; E,=141.60 MPa; G,=51.32 MPa,

* the dominant frequency bands are evident from inputs PSD at the point B3 on
Figure 2.2 (Test No.5 — fast train, 95,0 km/h).

* the input and output PSD at the point B3 and soil FRF are shown on Figure 2.3
(Test No.12 — bulk granular materials train, 76,0 km/h).

The calculation includes the data: 4,=10.8 m, p = 2000 kgmﬁ3 , Fre=1.0695012,
v~ 0.38 (Poisson ratio) and by (3.2) a = 0,0267(m™).



An approximate relationship between damping parameters 0 = d;~ Jd; and length 1, of
the Raleigh’s wave is 0 =|o| Az /7.

(ms®) (ms?)% Hz
15 3.5E-05
1 3E-05
0s 2 5E-05
ol 2E-D5
-0s 1.5E-05
A 1E-05
S.ELB
15 M (Hz)
5 10 15 20 (s) 20 40 ] &0 100
BK1 z — ¥(f) BK1 —PSD - G,i( f)
(ms®) (ms?)% Hz
1.25E-05
1E-05
SE-06
S5 ELB
JE-06
(Hz)
5 10 15 20  (s) 20 40 ] &0 100
BK3 z - w(?) BK1 - PSD — Gs3( /)
3E-02
2E-02
1E-02

20 40 BD 80 10D
BK1/3 —FRF-H (1)

Figure 2.3 The accelerations time histories, PSD and FRF of ground vibration at
points BK1, BK3 due to train of Bulk Carriers of Granular Materials, (76.0 km/h).

2.2 Case study — ISM tests nearby the building region
2.2.1 The impulse test description.

It is common practice in the ISM are used two or more receivers located at distance
1; (m) from source. Waves propagation generated by the source is monitored with
receivers (BK1, BK2) at the same depth as the source, (Figure 2.5). The traditional
approach used in the in situ tests to determine shear wave velocity (v;) is based on
identifying the time interval of the wave travelling between e.g. the first (BK1) and
second (BK2) receiver. Once these times are determined, velocities are calculated via
dividing distance (/) by appropriate times. Wave velocities determined by source to
receiver measurements are termed direct velocities method. Other techniques based
on correlation and spectral analysis theories was used [4] to determine body wave
velocities in the ISM test.

The experimental ISM tests in situ were performed, [23] by the impact device
(dynamic loading plate DLP, Figure 2.4), This device consists of the circular rigid



plate (1) with the contact area 4 = 1000.0 cm?, dropping weight (2) with mass Q =
12.5 kg, indention for setting the height of the weight (3), springs (4), plunger (5)
guide rod (6) casing (7) and safety pin (8). In each dynamic test there were carried
out 6 impulses in the measured spot caused by dropping weight from constant height
h. The height 4 was set experimentally to achieve the constant area impact stress p =
0.22 MPa. In the ISM common practice the dynamic impulse into the halfspace is
carried out by DLP and the propagation of surface waves generated by the source is
monitored via receivers (Bi, Bi+1) at the same depth as the source.

Figure 2.4: Dynamic loading test device — DLP

2.2.1 Experimental tests results at nearby the building region

To calculate prediction vibration level and dynamic response for projected new
building in a new railway line area it was needs to know the building site soils
dynamic parameters and FRF. The in situ impact tests at the IBM Data Centre
building site were performed [21,23]. The building site is situated in the same area
in which the new Trans European Network (TEN-T) line is projected, too. After the
both structures erection the distance between by them will be approximately 20 m,
than the prediction of building vibration level and response spectra due to operating
trains
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was required. The IBM building site layout and accelerometers and impact loading
(DLP) position during the experimental tests are shown in Figure 2.5.

The object of experimental measurements of transient signal was to find:
« the Raleigh’s and share wave velocities by using standard equipment of ISM,
* the same dynamic characteristics as mentioned in stationary signals investigation
(at nearby track region) via the spectral and correlation procedures. The
impulse test results are as follows:

o w=14510ms"; 5, =0.117; E,=109.20 MPa; G,=41.10 MPa,

e the ISM test No.5 spectral analysis results example is shown on the
Figure 2.6.
The calculation includes data: Az=9.2 m, p = 1950 kgm%, o= 0,0398(m71),
Fre=1.061457 and »=0.33.

5 Conclusions

This paper presents an overview of numerical prediction model for the ground-
borne vibrations at the distance point of the visco elastic halfspace due to railway
traffic. The numerical and numerical-experimental approach for “the ground
response at a distance” calculation procedure were introduced. Based on the results
presented in this paper the following conclusions can be drawn:

e The numerical-experimental prediction model: The ground vibration recorded
at a distance from a railway is analysed assuming it to be a random and
statistically stationary function of time. The analytic—experimental approach
process proposes the test and the theory data combination to calculate the
prediction level of ground vibration. In this process as an input signal can be
used input spectra (accelerations or spectral densities) derived from
experimental data bank for authorized railway category with corresponding
rail profile or accelerations spectrum Sy:(f) measured at nearest ground point
to the track (case study). The modelling of the soil as a viscoelastic half-space
represents the key feature of the prediction model. This soil model is used both
for the evaluation of the track—soil interaction forces as well as for the
prediction of the ground—borne vibrations.

e The proposed procedure allow to derive the FRF— H(f)of the ground medium
using output response acceleration spectrum at the distance Sy (f) and input
accelerations spectrum S:(f) measured in situ. Also utilisation of this
procedure the elastic and the attenuation parameters of the ground can be
obtained, too.

Acknowledgement

We kindly acknowledge the research project VEGA, Nr.G1/0169/12 granted by
Scientific Grant Agency of the Slovak Republic Ministry of Education. We should
also like to thank the Civil Engineering Faculty — University of Zilina for additional
support in this field research activity.



References

[1]

2]

[6]

[7]
[8]

[9]

[10]

[11]

[13]

[14]

[15]

[16]

Aubry, D., Clouteau, D. and Bonnet, G., “Modelling of wave propagation due
to fixed or mobile dynamic sources”, in N. Chouw and G. Schmid, eds,
“Wave “94”, pp. 109-121,1994.

Bencat, J., “Microtremor from Railway Traffic”, in Proc. of the 8th Int. Conf.
on Computational Structures Technology, Gran Canaria, Sept.2006. Civil —
Comp Press, Stirlingshire, Scotland, 2006.

Bencat, J.,“Microtremor due to Traffic®, Research report A — 4 — 92/b, UTC
Zilina, SK, 1992.(in Slovak)

Bendat, J. S. & Piersol, A.G., “Engineering Applications of Correlation and
Spectral Analysis “, Wiley & Sons, New York, 1993.

Degrande, G. and Lombaert, G., “High-speed train induced free field
vibrations: in situ measurements and numerical modelling”, in N. Chouw and
G. Schmid, eds, in Proc. of the International Workshop: Wave 2000, Wave
propagation, Moving load, Vibration reduction. A.A. Balkema, Rotterdam,
Ruhr Univ. Bochem, Germany, pp. 29—41, 2000.

Maldonado, M. and Le Houdec, D., “Propagation in Soil of Vibrations due to
a Tramway”, in Proc. of the 8th International Conference on Computational
Structures Technology, Gran Canaria, Sept. 2006. Civil — Comp Press,
Stirlingshire, Scotland, 2006.

Martinéek, G. “Some Problems of the Viscoelastic Bodies Dynamics”.
Research Report. I1I-6-8/18, Bratislava, USTARCH- SAV, 96 pgs.,1975.
Grassie, S. and Cox, S.,“The dynamic response of railway track with flexible
sleepers to high frequency vertical excitation®, Proceedings of the Institution
of Mechanical Engineers 198D(7), 117-124, 1984.

Dinkel, J. and Grundman, H., “Winkler parameters for railway dynamics
derived from 3D half space analysis”, in L. Fryba. et al., eds., ,,Proc. of the 4"
European Conf. on Structural Dynamics: “Eurodyn 99“, A.A. Balkema,
Rotterdam, Prague, Czech R., pp. 963-968, 1999.

Ford, R. ,,The production of ground vibrations by railway trains®“, Journal of
Sound and Vibration 116(3), 585-589, 1987.

Grundmann, H., Lieb, M. and Trommer, E., ,,The response of a layered half—
space to traffic loads moving along its surface®, Archive of Applied Mechanics
69, 55-67,1999.

Knothe, K. and Grassie, S., “Modelling of railway track and vehicle/track
interaction at high frequencies®, Vehicle Systems Dynamics 22, 209-262,
1993.

Knothe, K. and Wu, Y., ,Receptance behaviour of railway track and
subgrade®, Archive of Applied Mechanics 68, 457470, 1998.

Knothe, K. and Wu, Y., “Vertical substructural dynamic of vehicle—track—
Subgrade”, in L. Fryba and J. Napstrek, eds., Proc.of the 4rd European Conf.
on Structural Dynamics: “Eurodyn 99, A.A. Balkema, Rotterdam, Prague,
Czech Republic, pp. 849-853,1999.

Ono, K. and Yamada, M., “Analysis of railway track vibration”, Journal of
Sound and Vibration 130(2), 269-297, 1989.

Sheng, X., Jones, C.J.C. and Thompson D.J. “A Comparison of a Theoretical
Model for Quasi — Statically and Dynamically Induced Environmental
Vibration from Trains with Measurements®, in Journal of Sound and



[17]

[18]
[19]

[22]

[23]

Vibration, 267, pp. 621 — 695, 2003.

Takemiya, H. and Wang, H. “Amplification and Phase Characteristic of
Seismic Waves at Soft Alluvium”, in Proceedings of Symposium on Seismic
Wave Amplification, The Japan Society of Soil Mechanics and Foundation
Engineering, Tokio, p. 275-282, 1994.

Takemiya, H., “Traffic induced vibrations and wave propagation”, in N.
Chouw and G. Schmid, eds, “Wave 94", pp. 151-164,1994.

Van den Broeck, P. and De Roeck, G., “The vertical receptance of track
including soil-structure interaction”, in L. Fryba and J. Napstrek, eds, Proc.of
the 4rd European Conf. on Struct.Dynamic: “Eurodyn 99", A. A. Balkema,
Rotterdam, Prague, CR, pp. 849-853,1999.

Fujikake, T., “A prediction method for the propagation of ground vibration
from railway trains”, in Journal of Sound and Vibration, 111(2), p.357-360,
1986.

Bencat, J. & Papén, D., "Building Structure due to Railway Traffic Prediction
Model" in Proceedings of the Eighteenth International Congress on Sound
and Vibration, 10-14 July, 2011, Rio de Janeiro, Brazil, International Institute
of Acoustics and Vibration Publishing, paper No.R39, 2011.

Bencat, J.,et al., ”Studies on the TEN-T railway traffic effects on line side
built — up area in Bratislava”, 1*" and 2™ stage, Report PC 56/SvF/2008, UTC
SVF Zilina,2008.

Bencat, J..,et al., ”Studies on the TEN-T railway traffic effects on IBM Data
Centrum — ST building in Bratislava”, Report PC 16/SvF/2009, UTC SvF
Zilina,2008.

10




<<
  /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 /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 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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /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 <>
    /ENG ()
    /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




