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1. INTRODUCTION

Slender structures are characterized by their height exceeding by far their maximum
width and include both full-walled as well as openwork structures. Towers, chimneys,
masts of various intended use are typical examples of slender structures. However, in
recent years such group of technological structures has significantly grown and
nowadays wind power plants can be seen more often as an element of land and water
landscape all over the world.

A number of tower and mast structures, under structure or exploited (Widerski T., et
al., 2008) has significantly increased also on Polish territory. Rapid development of
renewable sources energy sector has forced the necessity for structure of even higher
structures grouped in farms of several or several dozen power plants.

Specification of wind power plants is based upon usage of tower or mast element as a
generator load bearing structure (Widerski T., et al., 2005). Such a structure is subject
to static and dynamic loads which result in dislocation of individual elements and whole
structure. Telecommunication masts have different tasks. They are an individual
slender structure with or without stays and are relatively poorly equipped in
transmitting—receiving devices and are characterized by less complex load. However, in
both presented structures significant dislocations can result in permanent changes in
geometry and in pre-emergency and emergency conditions.

Tower and mast structures require realization of periodical inspections of their
geometry condition (Structureal Law, 1994). Hence, at the stage of structure and
exploitation of such structures measurements of their dislocations are performed.
Necessity for such measurements is connected with safety requirements. Structure
geometry perturbation can result in catastrophic and costly consequences. The article
characterizes loads applied to slender structures, measurement methods and presents
measurement results of selected wind power plant and mast dislocations.

2. LOADS OF TOWER AND MAST STRUCTURES

During initial stage of a slender structure project preparation, a designer makes a series
of assumptions the structure designed by him should meet. The most important is the
assumption of safe load transfer during structure erection (assembly), long-term
exploitation and disassembly. It also assumes specific, stage defined, permitted loads
and deformations of individual elements or whole structure. In order to specify correct
conditions, a type and range of loads the structure shall be subject to and external
environmental) conditions characteristics it shall be exploited in, should be known.
Tower and mast structure loads include (Koztowski T., 1965):
= own weight of structure with equipment,
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= snow load,

= jceload,

= pushing and sucking force of wind,

= temperature influence,

= assembly loads,

= catastrophic loads,

= Jloads by operating devices connected with the structure intended use or existing

in specific conditions.

Own weight of structure with its equipment is relatively easy to specify. The manner for
determining snow and ice load is specified in the norm (PN-82/B-02000, PN-EN 61400-
1). The greatest difficulty is the accurate specification of wind load value (pushing and
sucking force of wind) which is of a variable nature in shorter and longer time periods
(PN-77/B-2011), in particular with reference to an operating power plant, resulting also
in some type of dynamic loads. In accordance with PN (PN-82/B-02000) wind loads have
been qualified as short-term, variable loads. As the wind results in the biggest loads for
slender structures, the designers attempt to obtain the optimum shape of the structures
which shall provide maximum reduction of aerodynamic resistance and the most
advantageous relation between the structure weight and its endurance.
In case of the power plant, the wind bears load on the tower and on operating or not
operating impeller (blades) with a generator’s car (Widerski T., et al., 2008), whilst
telecommunication masts are loaded as a whole single unit i.e. a tower with equipment
and possible stays.
Vibrations caused by unbalanced turbine impeller and by-flowing air streams are
dangerous phenomenon. Eddy excitation loads on towers result in significant
dislocations and stress (bending, twisting, spreading and tightening) in its shaft.
Transverse forces caused by winds are dynamic, transverse values changing
dynamically in short intervals. They cause the most serious danger for tower segments
joints, welded joints, openings etc.
Moreover, earthquakes (present also in Poland) (Z¢baty Z., et al., 2005) have an adverse
effect upon slender structures stability. Even relatively small additional dislocations of
such structures foundations caused by earthquakes can result in failure or structure
collapse.
The described loads operating on tower and mast structures result in their complex
dislocations of temporary or permanent nature. Hence, their monitoring is crucial and
should be conducted since the moment of such structures assembly.

3. THE SCOPE AND REQUIREMENTS OF GEODESIC MEASUREMENTS
OF TOWER AND MAST STRUCTURES

The manners of observation of slender structures dislocations must include specification
of their operation and provide results reliable enough to optimally determine
dislocations component values and deformation of selected elements and the whole
structure. The scope of necessary measurements is also crucial (Brys H., et al., 1998).
Often the orderers place specific accuracy requirements on geodesists. Thus, only
appropriately used technologies and equipment can met the expectations and provide
the required accuracy of expected measurement results.

Current determination of dislocations and forecasting dislocations for subsequent
loading conditions with the possibility of slender structures failures is the most
important task of monitoring of such structure types under exploitation. Vertical line of
its geometrical axes is the basic geometrical condition which slender structures must
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meet. Performing measurements of dislocations of wind power plants, telecommunica-
tion towers etc. aims at determination of quantity and quality changes of their shape
and location. Such changes are specified by setting dislocation indexes (translation,
rotation) and deformation indexes (e.g. inclination, twist) of inspected structure
elements. The indexes are set on the basis of dislocation vectors calculated on the basis
of periodical functions of observation of measurement network geometrical elements
located on the structure elements under observation. Such observations are usually
performed with use of geodesic and photogrammetric methods.
Periodical measurements or constant monitoring of tower and mast structures should
simultaneously include:

= surveyor measurement of benchmarks installed on foundation around the

structure shaft,

= measurement of stays sags with anchors,

= measurement of shaft dislocation, including structure inclination and twist,
Also the conditions of environmental — external influences on structures such as the
wind force, velocity and direction, sunlight etc. should be recorded.

4. TOWER AND MAST STRUCTURES MEASUREMENT METHODS

Plenty of slender structures dislocation (vertical and horizontal) measurement methods
are used in geodesic practice. Vertical dislocations depending on the required accuracy,
can be realized by geometric or precise leveling method. They are used mostly for
observation of foundations dislocations. In case of very tall structures, including among
others wind power plants (of height exceeding 120 m) it is recommended t use precise
leveling method. Benchmarks, as check points, installed on the foundations should be
linked with respect to height with previously mounted local control network, providing
correct accuracy regime.
Setting of horizontal dislocations can be conditioned by a series of available
measurement methods. A method selection depends upon the object location in the area,
visibility, availability and a number of local and accuracy factors. In order to determine
slender structures dislocation values one of the following methods can be applied:

= trigonometric,

= photogrammetric,

= automatic (inclinometers, accelerometers, electronic levels),

= direct projection,

= linear or angular indents,

= based upon satellite navigation technique.
Trigonometric method measurement requires observations obtained from three
positions located around the structure under monitoring. The distance between
individual positions is set by direct methods, and the distance from the position to tower
axis and height is set by trigonometric method (Brys H., et al., 1998). Deviation from
vertical line can be set by small angles method.
Preparation of results of dislocations measurements is based upon setting of linear
deviation for each measurement level. Set aside graphically specified linear values of
deviations for all directions of observation levels and draw lines parallel to the direction
of a device position — support base axis, on such distances. Directions to the object axis
at examined levels, specified in this manner, should cross at single point, setting the
actual location of examined structure points in horizontal plane projection.
Measurement errors resulting from tower’s vibrations, wind influence during
observations and the tower structure accuracy result in the fact that three directions set
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in this manner, determining single point on the support axis, do not cross in one point,
but they set a triangle of errors in the center of which the location of measured point
should be assumed.

Upon measuring tower and mast structures one should take into account numerous
changes in object deviation with relation to an assumed surface, caused by external
factors. Hence, the measurements must be performed in quick and efficient manner on
all positions simultaneously. During strong winds, performance of measurements must
be avoided (Brys H., et al., 1998). Measurement works with use of the trigonometric
method are recommended during stabile weather conditions, fixed wind velocity and
medium sunlight.

Photogrammetric method is just another method possible for use during observations of
tower and mast structures geometry changes. Photogrammetric setting of measurement
point dislocation value is limited to setting a dislocation which occurred between actual
and initial state. Dislocation value is specified by finding three increments of
coordinates of measured points on three planes x, y, z. The use of periodical or
inventory measurements for setting dislocations or deviations from a standard is based
upon analytical determination of check points coordinates and comparison of such
points with initial state coordinates or standard coordinates. Bi-image or multi-image
method is used for this purpose and spatial dislocations (or deviations) components Ax,
Ay, Az are set. Dislocation component can be set by comparison of coordinates which
are set during two measurements or by differential method. In the second case,
dislocation components Ax, Ay, Az are set directly as a function of measured angles,
distance changes or background coordinates changes (Sitek Z., 1991).

Monitoring of slender structures dislocations can also be realized with the use of
automatic measurement methods. Measurement of the structure deviation with use of
inclinometric sensors is based upon recording the structure deviation angle from
vertical line set by the Earth gravitation force. Inclinometer’s operating principle uses
gravitation for driving of a weight located on coding inverter dial. Internal magnetic
damping allows for short times of oscillation setting after a weight has deviated. This, in
turn, allows for detailed examination of a given structure deviation changes in very
short intervals. In case of wind power plants measurement equipment can be installed
inside the tower. Obtained measurement information is collected in data bases so it can
be supplemented with measurement results from other auxiliary measuring devices e.g.
with respect to structure temperature, wind velocity and a number of other factors at a
given measurement level.

5. EXAMPLES OF MEASUREMENT OF A WIND POWER PLANT AND A MAST
DISLOCATIONS

Monitoring of wind power plants (of height exceeding 140 m — tower + impeller)
dislocations and forecasting of further dislocations, including structure stability is
extremely important from exploitation and safety point of view. The following are the
results of observation of dislocations of a ground slab and a tower of 80 m height in
wind power plant of 2MW power, realized by the authors of the hereby paper. Several
years of measurement works aim at setting actual dislocations and preparing a forecast
for dislocation of power plant main elements.

Wind power plant measurement was realized in two stages. The first stage included
leveling of check benchmarks located on ground slab in the power plant under
monitoring. Sixteen check points were fixed in the foundation, twelve on external base
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edges and four in direct vicinity of the power plant tower jacket (Fig. 1). Measurement
results of their dislocations with respect to the initial measurement (prior to the
foundation loading) are shown in Fig. 2.

Steel tower vertical dislocations measurement was realized by precise leveling method.

The tower dislocations measurement on four levels was realized by projection method
from two positions simultaneously. At wind velocity 8 m/s, tower axis dislocation from
vertical line at height 78 m was 0.23 m (Fig. 3).
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Fig. 1. Distribution of benchmarks on

a wind Power plant ground slab. Fig. 2. Results of measurements of

vertical dislocations of a ground slab
after second measurement session.

For comparison, course and results of control
measurements of tele-transmission mast with
tower height of 60 m are presented below.
Measurement was taken by DIAZ company
from Gdansk oat the order of one of mobile
telephony operators.

Measurement was taken in accordance with the
norm (BN-69/2940-01) and included:

* measurement of shaft twist on at least
three levels, including the highest
segment (permitted value of deviation in
relation to location in a place at distance
Lis 1/2000 x L),

* measurement of tower/mast axis
deviation at ca. 18 rn of a tower,
including  the highest segment,
(permitted value of deviation for a tower
1/1000 x H, permitted value of deviation
for a mast is for the first lower span
1/2000 x H for remaining spans 1/1500 x
L1),

Fig. 3. Real horizontal dislocation of
wind power plant tower at wind
velocity of 8 m/s.
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= measurement of non — perpendicularity of a tower curb — one measurement per
a curb (permitted value of deviation is 1/750 x L.1),

= measurement of deviation of tower axis from vertical setting in segments joining
points, including the top of the highest segment (permitted value of deviation is
1/400 x L according to (ITB DB-90/02)),

= checking the level of ground slabs foundation.

Measurement of spot footing of a transmitter tower was realized by geometrical leveling
method. In order to do this characteristic points were selected on their surface which
were then leveled during measurement. Outline of horizontal setting of a tower ground
slabs (Fig. 4) presents levels of tower ground slabs height and levels of spot footing level.
Leveling measurement was taken from one measurement position in order to avoid
height transmission errors. The expected accuracy was achieved by the method
assumed. After leveling of spot footing, measurement of vertical line of a mast from
three positions was performed. Observation positions were selected in order for vertical
angles during structure observation not to exceed 30° — 45°. Adopted shape of
measurement network provided the best setting ability for the object geometry. The
observation results are presented in the outline of control measurement of a the tower
vertical line (Fig. 5). Permitted deviation from vertical line of the examined object was
60 mm. Dislocations of the examined object were within the permitted range of
deviations.

0573

3mm

fl=21.6 mm

flmax (resultants) = +/- 84,85 mm

- According to the Polish norm PN-B-03204/02
Deviation max fx and fy 1/1000 * H = 60 mm
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Fig. 4. Outline of horizontal setting of a  Fjg 5, Qutline of control measurement of a

tower ground(s}l(ilb,s (SIAZ company tower vertical line (DIAZ company Gdansk).
ansk).

6. CONCLUSIONS

Environmental (extreme) external factors adversely influence operating conditions of
slender structures. Insufficient knowledge on structure load value and investors’ aim to
reduce investment costs can lead to structureal catastrophe. Currently, designing of
wind power plants structures and masts is based upon mathematical models. Despite
their significant reliability newly built power plants and masts are prone to failures. It is
connected with insufficient abilities of programs for verification of load accumulated
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with respect to long-term exploitation, situations which are difficult to foresee and
“human” errors. In case of wind power plants, the designers specify their exploitation
period to be ca. 20 years. However, importing of used and partially highly exploited
wind turbines to Poland is becoming more popular. In order to verify calculations for
the newly built structures and to monitor “reactivated” wind power plants it is
necessary to perform geodesic observations of deviations of these structures which are
often subject to extreme environmental loads. Monitoring of geodesic slender structures
in particular under intensive loads such as wind power plants and masts is necessary for
providing safety of their operation and of persons present in the vicinity. Detailed
geodesic observations of dislocations can also influence the methods of evaluation and
setting structureal loads which wind power plants and masts are subject to.

REFERENCES

Brys$ H., Przewlocki S.: 1998 ,,Geodezyjne metody pomiaru przemieszczen budowli” (,,Geodesic
methods for measurement of structures dislocations”). Wydawnictwo Naukowe PWN
Warszawa.

Kozlowski T.: 1965 ,,Stalowe maszty i wieze radiowe i telewizyjne” (,,Steel masts and radio and
television towers”) Wydawnictwo Arkady Warszawa.

Sitek Z.: 1991 ,Fotogrametria ogdélna i inzZynieryjna”(,,General and technological
photogrammetry”). Panstwowe Przedsi¢gbiorstwo Wydawnictw Kartograficznych
Warszawa — Wroclaw.

Widerski T., Kuralowicz Z.: 2008 ,,Uwarunkowania lokalizacji elektrowni wiatrowych —
wybrane problemy” (,,Conditioning for location of wind power plants — selected aspects”)
Inzynieria Morska i Geotechnika Nr 5/2008, Gdansk.

Widerski T., Kuralowicz Z.: 2005 ,,Elektrownie wiatrowe - budowa i rozwiazania techniczne”
(,Wind power plants — structure and technical solutions”) Inzynieria Morska
i Geotechnika Nr 3/2005, Gdansk.

Zembaty Z., Cholewicki A., Jankowski R., Szulc J.: 2005 ,,Trzesienia ziemi 21 wrze$nia 2004 r.
w Polsce polnocno-wschodniej oraz ich wplyw na obiekty budowlane” (,,Earthquakes the
21th of September 2004 in North — East Poland and their influence on structureal
objects”) Inzynieria i Budownictwo, Nr 1/2005, Warszawa.

BN-69/2940-01 ,,Konstrukcje stalowe. Maszty oraz wieze radiowe i telewizyjne. Wymagania
i badania” (“Steel structures. Masts and radio and television towers. Requirements and
research”).

ITB DB-90/02 Materialy Instytutu Techniki Budowlanej (Materials Institute of Structureal
Technique).

Materialy z Firmy Uslugowo Handlowej DIAZ w Gdansku (Materials from DIAZ company in
Gdansk).

Ustawa z dnia 7 lipca 1994 r. Prawo budowlane Dz.U. 2006 Nr 156 poz 1118 (The Act as of the
7™ of July 1994. Structureal Law, Journal of Laws 2006 no 156 position 1118).

PN-82/B-02000 ,,Obciazenia budowli. Zasada ustalania wartos$ci” (“Loads of structures. The
principle for setting of values”).

PN-EN 61400-1 ,,Turbozespoly wiatrowe — Cz¢$§¢ 1: Wymagania dotyczace projektowania”
(,Wind turbosets — Part 1: Designing requirements”).

PN-77 B-2011 ,,Obciazenia w obliczeniach statycznych - Obcigzenie Wiatrem” (,,Loads in static
calculations — wind loads”).







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


