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SUMMARY

Recent arch pedestrian bridges are discussed in terms their architecture and structural
solutions and their static function. Structures that combine an arch with a cable or a
stress ribbon are also presented.

Keywords: Arch, buried arch, deck arch, through and half-through arch, directly
walkable structure, true arch, tied arch, cable, stress ribbon.

1. INTRODUCTION

Arch bridges have been built from the beginning of human history and their
development illustrates the progress of science and technology. A properly designed arch
expresses the flow of internal forces through the structural system and makes a statement
regarding a bridge’s function. The arch has therefore become a symbol of bridge
structures and many engineering firms and conferences use the arch shape for their logo.

Recent progress in understanding the structural behaviour combined with modern
analytical programs allow to design bridges of complex shapes. The bridge deck can be
in plan and vertical curves, the supporting arches can be inclined or curved. The deck
supporting members or hangers can create a space net.

A correctly designed arch has a funicular shape with respect to the design load and
therefore for the dead load it is primarily stressed by compression stresses.
Unfortunately, the development of some arch bridges designed by ambitious architects
has not arisen from their basic static function, but by a wish to create something new and
unusual. These structures are not discussed in this paper.

In recent years, many interesting arch footbridges have been built. The authors have no
intention of presenting them all, but they do want to illustrate recent developments and
to show those bridges that are — according to them — interesting from the point of view of
the architectural or structural solution, or the process of construction. They understand
that their selection is personal. Since the authors wanted to present their own ideas, they
also present several structures on which design they had an opportunity to participate.

According to the nature of the crossing, buried structures, deck arches or through arches
are designed - see Fig. 1. Since pedestrian walkways can be designed with larger slopes,
directly walkable structures are also built — see Fig. 2.
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Fig. 1. Classical Arches. Fig. 2. Directly Walkable Arches.

The arch horizontal force can be resisted by subsoil (see Fig. 1 and 2a) or by a steel or
prestressed concrete deck (see Fig. 3). The first variant is an example of a true arch,
whereas the second variant is a tied arch. In directly walkable structures, tension can be
resisted by straight or curved cables (see Fig. 2b and 2c) or by stress ribbons (see Fig. 4).
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Fig. 3. Self-Anchored (Tied) Arches. Fig. 4. Arche & Stress Ribbon Structures.

2. BURIED STRUCTURES

Buried structures (see Fig. la) allow to design walkways that flow across obstacles
without an interruption. An excellent example is the Cannstatter Street Pedestrian
Bridge, built in 1977 in Stuttgart, Germany according to Prof. Schlaich’s design — see
Fig. 5, [1].
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Fig. 5. Cannstatter Street Pedestrian Bridge, Stuttgart, Germany.

The bridge is formed by a thin shell arching over a span of 51.20 m, with a thickness of
only 400 mm. To increase its stiffness and strength, its longer edges are folded slightly
upward. Thus the structure thus consists of three curved planes joined along their sides.

The width of the central surface is six meters at the crown, splaying out to 11 meters at
the abutments. The arch is covered in earth, which forms the walking surface and helps
stabilize its shape. The arch horizontal force is resisted by prestressed concrete ties
buried under the road.

On either side of the walkway, troughs are integrated into the folded-up part of the shell
and plants have been encouraged to grow over the sides.

The firm Strasky, Husty and Partners (SHP) has designed two buried structures that
transfer pedestrians and animals across the Motorway D1 — see Fig. 6, [2].

—

Fig. 6. Bridges across the Motorway D1, Czech Republic.

The Bridges across the Motorway D1 are formed by two-span flat shells with spans of
25.00m and a rise of 3.30m. The cylindrical shells, with a thickness from
0.550 to 0.365 m, are supported by an intermediate support and end footings. The shell’s
horizontal force is resisted by prestressed ties — stress ribbons that are situated above the
shells. The ties are anchored in anchor blocks that are connected with shell’s footings by
compressed struts. The anchor blocks, shells’ end footings and intermediate supports are
supported by drilled piles. In the bridge’s transverse direction, the structure is divided
into three parts. The edges of the cylindrical shells follow the slope of the fill and
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therefore the side shells have variable width. The total width of the bridge at the shell’s
crown is 60.30 m, above the central pier it is 64.10 m, and at footings it is 86.20 m.

3. DECK ARCHES

Deck arches (see Fig. 1b and 3b) have a deck which is supported by struts that can be
vertical, inclined or they can form a plane or space truss system (see Figs. 7a through
7¢). The arches can be formed by concrete or steel ribs, steel pipes or concrete slabs or
shells. In the last option, the arches together with struts can form a space shell structure —
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Fig. 7. Deck arches.

Arch pedestrian bridges with small and medium spans usually have a concrete deck that
is supported by steel pipes or solid bars. The first structures of this type were built in
1993 in Stuttgart [1]. Since that time, many similar structures have been built.

A striking example is the Streicker Pedestrian Bridge, built in 2010 in the campus of
Princeton University in New Jersey, USA — see Fig. 8, [3]. The bridge of a total length of
106 m and variable width, spans Washington Road, connecting the athletics and science
buildings on the east side of the campus with new and existing buildings and facilities on
the west side.

In plan, the prestressed concrete deck has an ‘X’ shape. The central portion of the bridge
deck is supported by a weathering steel arch. The V shaped columns made of weathering
steel pipes, connecting the arch with the deck, also support the ramps. Railings are
composed of stainless steel posts and trim carrying stainless steel mesh guards. The
bridge was designed by Prof. Christian Menn of Switzerland in collaboration with the
engineering firm HNTB, New York.

Another outstanding example is the Ripshorst Pedestrian Bridge built in 1997 over the
Rhine/Herne-Canal near Oberhausen in Germany — see Fig. 9, [1]. A curved deck formed
by a steel multi-cell box girder is supported by a single steel arch. To obtain pure
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Fig. 8. Streicker Pedestrian Bridge, Princeton, New Jersey, USA.

compression in the arch, a hanging model was used for determining the arch geometry.
Due to the spatial curve of the arch, numerous V-shaped vertical struts of different
geometries had to be connected with the arch using cast steel nodes. The bridge was
designed by design firm Schlaich, Bergermann and Partners, Stuttgart.

Fig. 9. Ripshorst Pedestrian Bridge, Germany.

A similar approach was used to determine the arch shape of the Curved Arch Bridges
studied at the Brno University of Technology, Brno, [4]. The study was performed for a
circular deck with a radius of 37.5 m. The arch has a vertical rise of 6.0 m. The deck was
formed by a steel pipe stiffened by transverse ribs supporting the concrete deck slab, the
arch was formed by a steel pipe. The deck was supported by inclined struts connected
both with the arch and the deck. The optimum shape of the arch was obtained by an
analysis of the curved suspension structure in which the deck was suspended on a
suspension cable of zero stiffness.

The static analysis was verified by testing the bridge model, built in the scale 1:10. This
test was done together with the sets of the curved structure suspended on the arch — see
Fig. 10.
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Fig. 10. Model Test — Brno University of Technology.

The Streicker and Ripshorst Pedestrian Bridges are assembled from slender structural
members that have a human scale. A different approach was used in the design of the
Bridge across the Mondego River in Coimbra, Portugal — see Fig. 11, [5]. The bridge, of
a total length of 274.5 m, has four spans of lengths 30.5 + 64.0 + 110.0 + 64.0 m. In
plan, the bridge is composed of two mutually offset straight ramps that are connected at
the middle of the main span by a central platform. Both, the arches and the tied girders
are formed by robust steel boxes that support a timber deck. The bridge, built in 2005,
was designed by Prof. Da Fonseca and ARUP, London.
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Fig. 11. Pedestrian Bridge across the Mondego River, Coimbra, Portugal.

Although the light, uniform load of pedestrian bridges calls out for the use of shell
structures, unfortunately, none has yet been built. However, they are being proposed and
studied [6].

4. THROUGH AND HALF-THROUGH ARCHES

Recently, many structures with decks suspended on arches have been built. Though the
deck is typically made from steel or concrete, the arches are usually from steel. The
arches can be vertical or inclined, and they can be situated in the bridge axis or on deck’s
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edges — see Fig. 12. While simple structures with vertical arches look boring and
industrial, more complex structures with inclined arches have a modern, dynamic
appearance. Inward inclination gives the user a feeling of safety, outward inclination a
feeling of openness. The relatively small deck width of pedestrian bridges justifies the
design of one side deck’s suspension on inclined arches. This arrangement is suitable for
curved bridge decks.
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Fig. 13. Shell arches.
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Fig. 12. Through arches. Fig. 14. Suspenders arrangement.

The arches can be substituted by a shell on which the bridge deck be suspended. The
suspension can be on the bridge’s edges or in its axis — see Fig. 13. Suspenders can be
vertical, inclined or can create a net — see Fig. 14.
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Serving as an example of a bridge that is suspended along the bridge axis is the
Pedestrian Bridge across the Svratka River — see Fig. 15. This bridge, built in 2014 in
the city of Brno, Czech Republic, connects new sport facilities situated on both banks of
the river. The prestressed concrete deck formed by a spine girder with overhangs is
suspended on a single steel arch of a trapezoidal cross section and a span length of
58.5 m. The spine girder that protrudes above the deck slab naturally divides pedestrian
and cyclist paths. The arch is filled with concrete. The bridge was designed by Strasky,
Husty and Partners, Brno.

Fig. 15. Pedestrian bridge across the Svratka River, Brno, Czech Republic.

The inward inclination of arches was used in the design of the McLoughlin Boulevard
Pedestrian Bridge, Portland, Oregon (see Fig. 16), [7]. The bridge is formed by
a slender concrete deck suspended on two arches with a of a span of 73.8 m. Because
the deck anchor blocks are connected to the arch footings by struts, the structure forms
a self-anchored system. Since the deck is suspended on the arches via suspenders of
a radial arrangement, the steel arches have a funicular/circular shape.

Fig. 16. McLoughlin Boulevard Pedestrian Bridge, Portland, Oregon, USA.
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The arches are formed by 457 mm-diameter pipes that are braced by two wall
diaphragms. The deck is assembled from precast segments and a composite deck slab.
The bridge was designed by OBEC Consulting Engineers, Eugene, OR and by Jiri
Strasky.

Fig. 17. Tempe Town Lake Pedestrian Bridge, Arizona, USA.

Inclined arches can also mutually intersect one another, as they do in a design of the
Tempe Town Lake Pedestrian Bridge, Arizona, USA — see Fig. 17, [8]. The bridge, built
in 2011, connects existing bike and pedestrian paths from the north and south sides of
the lake. The structure of a total length of 278 m, consists of four simple span tied arches
68.8 m in length. The supports are formed by the existing Tempe Town Lake Dam’s
concrete piers. The arches are formed by 406 mm-diameter steel pipes; the deck is
formed by longitudinal steel girders, floor beams and a composite concrete slab. The
suspenders have a diagonal (net) arrangement. The bridge was designed by T.Y. Lin
International, Phoenix.

Outward inclination of arches has been used in many structures. However, the most
striking example is the Butterfly Bridge over the River Great Ouse built in 1997 in
Bedford, UK.

Fig. 18. Butterfly Bridge over the River Great Ouse, Bedford, UK.
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—see Fig. 18 [9]. The arches of a small span of length of 32 m are formed by steel pipes;
the deck is formed by longitudinal steel pipes and floor beams that support a timber
deck. The bridge was conceived and designed by Wilkinson Eyre architects.

Fig. 19. Minto Island Pedestrian Bridge over the Willamette River, Salem, Oregon, USA.

A slender prestressed concrete deck suspended on inclined arches was used in the design
of the Minto Island Pedestrian Bridge, now being constructed in the city of Salem over
the Willamette River — see Fig. 19 [7]. The bridge is formed by a continuous girder of
5 spans, ranging from 15.24 to 93.88 m in length. The main span is assembled from
precast segments only 420 mm thick and a cast-in-place concrete slab; the arches are
formed by 750 mm diameter steel pipes. The bridge design is the work of OBEC
Consulting Engineers, Eugene, OR and by Jiri Strasky.

One-side suspension of a curved deck was utilized in the construction of the outstanding
Gateshead Millennium Bridge spanning the River Tyne in Newcastle, UK — see Fig. 20
[9]. The bridge, opened in 2001, is the world's first and only tilting bridge. The main
span, 105 m in length, is suspended on a parabolic arch; the curved 8 m wide deck is
formed by a non-symmetrical box girder.

Six 450 mm diameter hydraulic rams (three on each side) rotate the bridge back on large

Fig. 20. Gateshead Millennium Bridge spanning the River Tyne, Newcastle, UK.
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bearings to allow small ships and boats (up to 25 m) to pass underneath. The bridge takes
as little as 4.5 minutes to rotate through the full 40° from closed to open, depending on
wind speed. The award-winning structure was conceived and designed by architect
Wilkinson Eyre and structural engineers Gifford.

Fig. 21. Pedestrian bridge across the border River Olse, Czech and Polish Tesin.

One-side suspension of a curved deck was also utilized in constructing the Pedestrian
Bridge across the border River Olse. The bridge connects two cities: Czech and Polish
Tesin — see Fig. 21, [7]. The structure of a total length of 95.40 m, is curved in plan with
a radius of 100 m and in a crest elevation. It has four spans of lengths from 13 to 45 m.
The deck is formed by a slender box girder with a non-symmetrical streamline cross
section that is stiffened by a one-side inclined arch in the main span.

Fig. 22. Cascara Pedestrian Bridge, Madrid, Spain.
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The deck is fixed into end abutments and is supported by elastomer pads on intermediate
piers. To balance the torsional moment due to the dead load, the deck is prestressed using
radial cables situated at the edge curbs. Both the girder and the arch are a composite of
steel and concrete. The bridge was designed by Strasky, Husty and Partners, Brno.

Concrete shells with a span length of 41 m were used in the construction of the two
Cascara Bridges Madrid Rio, built in 2007 in Madrid, Spain — see Fig. 22, [10]. The
bridges have a steel deck 8 m wide that is suspended from the shell edges. The shell
ceilings have a mosaic created by Spanish artist Daniel Canogar. The bridge was
conceived by West 8 + MRIO arquitectos.
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Fig. 23. Diagonal Arch Shell.

For a design competition for a Pedestrian Bridge in Jersey, UK, on which we were
working with architect Cezary Bednarski, we have proposed a shell with a span of 62 m
on which a slender composite deck is suspended, [11]. The shell, created by projecting
two cylindrical shells, creates a diagonal arch shell. The arch shell diagonally crosses the
deck that serves as a tied girder. The shell was made from aluminum. A similar structural
solution was also used in one option for the Harbor Drive Bridge in San Diego. In this
case, the structure was formed by a concrete shell of two spans of 2 x 53.65 m.

To check our analysis and ascertain the ultimate capacity of the structure, a model of the
arch shell at a scale of 1:20 was made — see Fig. 23. The shell was cast from a high
strength concrete with a characteristic strength of 150 MPa. The function of the arch
shell for different positions of the live load was checked first. Finally, the ultimate
capacity was determined.

5. DIRECTLY WALKABLE ARCHES

Flat arches can be used for pedestrian bridges without a stiffening deck. Due to their
small rise they are stressed by large horizontal forces. An example is the Constitution
Pedestrian Bridge, Venice, Italy designed by Santiago Calatrava — see Fig. 24, [12].

The bridge of a span of 80.8 m and a variable width from 6.5 to 9.0 m, is formed by a
flat arch with a rise of 4.76 m. The rise/span ratio is 1/16. The arch is formed by top and
bottom steel cords mutually connected by skew struts. The top cord supports the stairs
lined with glass strips. The bridge was built in 2008.
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Fig. 24. Constitution Pedestrian Bridge, Venice, Italy.

For a design competition for the Leamouth Pedestrian Bridge, London on which we were
working with architect Jan Kaplicky, we developed a three hinge arch in which the deck
and supporting structural member form one structure — see Fig. 25, [11].

Fig. 25. Leamouth Pedestrian Bridge, London, UK.

The span of the arch is 105 m; the rise is 10.3 m. The deck, with a trough cross section,
has a variable depth and width. It was formed using a multi-cell box girder stiffened by
transverse and longitudinal stiffeners. The structure could be made from or aluminium or
high-strength concrete. In the plan of the deck elliptical openings for lifts and viewing
platforms were created.

While in the previous designs the arch horizontal force is resisted by soil, in the design
of the Inachus Bridge, Beppu, Japan the arch force is resisted by a steel tension tie — see
Fig. 26, [13]. The bridge has a lenticular shape, with an arched upper chord and a
suspended lower chord. The granite upper chord serves not only as the principal
structural member, but also forms the deck for pedestrian traffic. The span length of the
bridge is 34 m, the distance between the top and bottom chord is 2.20 m. The upper
chord is post-tensioned by prestressing tendons running through holes drilled in the
granite blocks. This bridge was designed by Prof. Kawaguchi and built in 1994.
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Fig. 26. Inachus Bridge, Beppu, Japan.

6. ARCH & STRESS RIBBON STRUCTURES

If the cable shown in Fig. 2¢ is substituted by a stress ribbon, we get the the structural
system used in the design of the Simone de Beauvoir Pedestrian Bridge, Paris, France —
see Fig. 27, [10] The bridge of a total length of 304 m and width of 12 m, combines
a flat arch with a stress ribbon. The central portion of a lentil shape has a length of
106 m. The stability of the flat arch is given by its connection with the stress ribbon.
Both the arch and stress ribbon are made from structural steel. The bridge, built in 2006,
was conceived by Dietmar Feichtinger Architectes.

Fig. 27. Simone de Beauvoir Pedestrian Bridge, Paris, France.

The static system presented in Fig. 4b was used in a design for the Pedestrian Bridge
across the Expressway R35 near the city of Olomouc, Czech Republic — see Fig. 28, [11].
The bridge is formed by a stress-ribbon of two spans that is supported by an arch. The
stress-ribbon, which is 76.50 m in length, was assembled of precast segments 3.00 m
long supported and prestressed by two external tendons. The bridge was built in 2007.
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Fig. 28 Pedestrian Bridge across the Expressway R35 near a city of Olomouc Czech Republlc

Recently we have been studying a Curved Arch & Stress Ribbon Structure, [14], utilizing
the static scheme displayed in Fig. 4a. In the longitudinal direction, the structure forms a
self-anchored structural system combining a curved stress ribbon and a curved flat arch.
The deck of both structures is formed by an eccentric steel pipe stiffened by L-shaped
diaphragms. Its horizontal part supports a slender concrete deck; the vertical part
supports a steel pipe in which prestressing cable is situated. Since both the arch and
stress ribbon are fixed into end abutments, the horizontal components of prestressing
radial forces not only balance the dead load’s torsional moments, but also create uniform
compression in the deck.

This static scheme was studied on a pedestrian bridge of the span of 45 m that was in a
plan curvature of a radius of 32.212 m. The maximum longitudinal slope at the
abutments was 7%. This structure was not only analyzed, but its function was verified on
a static model built in the scale 1:6 — see Fig. 29.
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Fig. 29. Model Test of the Curved Structure Combining Flat Arch & Stress Ribbon.
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7.

CONCLUSIONS

From the presented examples it is clear that arch pedestrian bridges can have different
architectural and structural arrangements that can be used for a large variety of crossings.
Although the arch is one of the oldest structural members, arch structures can continue to
be developed further.

REFERENCES

(1]

(2]

(3]
[4]

(3]

HOLGATE A., The Art of Structural Engineering, The work of Jogr Schlaich and
his Team. Edition Axel Menges, Stuttgart/London 1997. ISBN 3/930698-67-6.

SVOBODA P, STRASKY J., PYTLIK P, Buried Bridge across the Freeway D47
near the Vlllage of Hrabuvka Structural Concrete in the Czech Republic 2006-
2009, 3" fib Congress, Washlngton 2010.

MENN C., Die Bedeutung der Kreativitit beim Briickenentwurt, /6. Dresdner
Briickenbausymposium, 2006.

NECAS R., HOCHMAN D., TRENZ J., STRASKY J., Space Arch Structures.
Arch 2013, 7th Conference on Arch Bridges, Trogir — Split, Croatia.

DA FONSECA AA., BALMOND C., Conceptual design of the New Coimbra
Footbridge, Footbrldge 2006, 2" International Conference, Venice, Italy 2005.

FENU L., MADAMA G., TATTONI S., On the Shaping and Constructlon of
Footbrldges with R/C Shell Structure Footbridge 2006, 2" International
Conference, Venice, Italy 2005.

STRASKY J., ROMPORTLT., KOCOUREK P, RAYOR G., Integral Arch
Bridges. Arch 2013, 7th Conference on Arch Bridges, Trogir — Split, Croatia.

HELLER D., ESCAMILLA III J., Design and Construction of the Tempe Town
Lake Pedestrian Bridge, 2011 Western Bridge Engineers' Seminar, AZ.

PEARCE M., JOBSON R., Bridge Builders. 1ISBN 0471 49786 X. Wiley-
Academy. John Wiley & Sons, Chichester, UK 2002.

AMBROSINI G., Footbridge Atlas, Celid, Torino 2012, ISBN 978-88-7661-990-8.

STRASKY J., Bridges Utilizing High-strength Concrete, 30" Conference of
Slovenian Structural Engineers, Bled 2008.

SIVIERO E., BRISEGHELLA B., The IVth Bridge over the Grand Canal of
Venice: from Conceptual Design to Construction. Shell and Spatial Structures,
Structural Architecture — Towards the future looking to the past, IASS 2007,
Venice.

KAWAGUCHI M., Granite Pedestrian Bridge, Beppu, Japan, Structural
Engineering International, August 1996. SEI Volume 6, Number 3, pp. 148-149.

KOCOUREK P., JURIK M., NECAS R., STRASKY J., Curved Stress Ribbon
and Flat Arch Pedestrian Bridges, Conference Footbridge 2011, Wroclaw, Poland.

118




<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /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 /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 <<
    /POL ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


