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NATIONAL REPORT OF THE CZECH REPUBLIC
7™ fib CONGRESS - LISBON 2026

The Czech national fib group is delighted again to
present its national report published on the occasion
of the fib Congress. It is traditionally prepared by the
team of the Czech Concrete Society (CCS). The report
represents a summary of the most important concrete
structures built in the period from the last fib Congress
until now. It covers structures completed from 2022
to 2025 built in the Czech Republic and also abroad,
which were designed or executed by Czech engineers
and companies. As usual, bridges make up a great
majority of the presented structures. After the covid
period, when construction activity was reduced, the
investment in traffic infrastructure increased steadily in
the last 3 years and many structures were built in the last
few years. It is expected that this trend will also continue
in 2026. Interesting technologies were applied and also
advanced materials were used in new structures and
also in the rehabilitation of existing structures.

In the report, 17 bridges, 8 footbridges and 5 other
projects are presented. 4 bridges and 1 footbridge were
built abroad. Czech engineers participated in large
projects in Slovakia. The highway viaduct Krivan-Mytna
is more than 4 km long (page 042-047) There are
interesting semi-integral structures built by different
technologies (cantilever casting, application of movable
scaffolding systems and incremental launching).
The viaducts with central spine box girders and long
cantilevers fit very well into the beautiful landscape.
An interesting construction technology was applied at
the highway bridge close to Uhersko (page 020-023)
where the completed part of the bridge rotated over
the railway so that the limitation of railway traffic was
minimized. A cable stayed bridge close to Pardubice
(page 014-015) was built by the incremental launching
method and then the stays were installed and temporary
supports removed. The railway bridge at Cervena has
a nice arch with the record span (156 m) in Czechia at
the moment (page 016-019). The new bridge over the
Vltava River in Prague (Dvorecky bridge) is an example
of a structure with an extraordinary architectural
appearance (page 006-013).

Footbridges offer possibilities for a wide range of
structural systems from simple beam elements to
cable stayed and suspension structures. UHPC was
applied in several cases for improving the durability
or for reduction of the self-weight of the structure.
Lightweight aggregate concrete was used in the stands
of a new multipurpose arena in Brno.

Great attention is paid to rehabilitation of existing
bridges. A thorough repair of the heavily loaded
Barrandov bridge in Prague (page 058-061) was
designed and executed with the minimum impact into
the traffic on the bridge. Finally, application of UHPC
contributed to acceleration of construction works and to
increased durability of the strengthening of the bridge
deck.

NARODNI ZPRAVA CESKE REPUBLIKY
7. KONGRES fib - LISABON - 2026

Ceska narodni skupina fib s potésenim opét prezentuje
svou zpravu u prilezitosti kongresu fib. Narodni zprava
je tradi¢né pripravovana tymem Ceské betonafské spo-
le¢nosti (CBS) a predstavuje piehled nejvyznamngjsich
betonovych staveb realizovanych v obdobi od posledni-
ho kongresu fib. To pokryva projekty dokoncené v letech
2022 az 2025 v Cesku nebo také v zahranici, pokud byly
navrzeny nebo postaveny ceskymi inZzenyry a spolec-
nostmi. Jako obvykle tvofi velkou vétSinu prezentova-
nych staveb mosty. Po covidové epidemii, kdy stavebnf
¢innost byla redukovana, se investice do dopravni infra-
struktury béhem poslednich tii let stabilné navysovaly,
a proto bylo postaveno mnoho staveb. Ocekavé se, ze
podobny trend potrva i v roce 2026. Pro nové konstrukce
i pro opravy téch stavajicich byly pouzity zajimavé tech-
nologie i nové materidly.

Narodni zprava predstavuje 17 mostl, osm lavek pro
pési a cyklisty a pét dalsich projektd. Z toho Ctyfi mosty
a jedna lavka byly realizovany v zahrani¢i. Cesti inze-
nyfi se Ucastnili velkych projektl zvlasté na Slovensku.
Délni¢ni viadukt Krivan-Mytna je dlouhy vice nez 4 km
(str. 042-047) Obsahuje semiintegrované konstrukce sta-
vené rlznymi technologiemi (letmou betonaZi, betonazi
na posuvné skruzi a vysouvanim). Viadukty se stfednim
patefovym nosnikem a dlouhymi konzolami zapadajf
velmi dobfe do krasné krajiny. Zajimava technologie byla
pouzita pro vystavbu mostu u obce Uhersko (str. 020
023) kde byly zhotovené ¢asti mostu otoceny pres ze-
lezni¢ni trat, aby bylo minimalizovdno omezeni Zeleznic-
niho provozu. Zavéseny most u Pardubic (str. 014-015)
byl staven vysouvanim a teprve pak byly instalovany
zavésy a odstranény docasné podpory. Zelezni¢ni most
u Cervené ma pékny oblouk s nyni rekordnim rozpétim
v Cesku (156 m) (str. 016-019) Novy most pfes Vltavu
v Praze (Dvorecky most) je prikladem stavby s mimorad-
nym architektonickym vyrazem (str. 006-013).

Lavky nabizeji moznosti pro Siroké spektrum konstruke-
nich systém od jednoduchych trdmd po zavésené a vi-
suté systémy. V nékolika pfipadech byl pouzit UHPC pro
zlepseni trvanlivosti nebo k redukci vlastni tihy konstruk-
ce. Lehky beton byl uplatnén na tribundch multifunkeni
areny v Brné.

Velkd pozornost je téz vénovana opravam stavajicich
mostd. Dlkladnd oprava velmi zatizeného Barrandov-
ského mostu v Praze (str. 058-061) byla navrzena a reali-
zovana s minimalnim omezenim provozu. Pouziti UHPC
nakonec pfispélo k urychlenf stavebnich praci a k vy3si
trvanlivosti zesfleni mostovky.

Clanky v narodnf zpravé ilustruji schopnosti ¢eskych in-
zenyrl navrhovat a realizovat sirokou Skdlu betonovych
staveb inovativnimi zpUsoby s ohledem na architekto-
nické, environmentalni a technické pozadavky.

Ceské betonaiska spole¢nost publikovanim této zpravy
a technickych specifikaci, organizaci kurzd a konferencf
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The articles in the report illustrate the ability of the Czech  a rozsifovanim znalosti nejen mezi svymi ¢leny podporu-
engineers to design and build structures in an innovative  je rozvoj stavebnich technologif.
way considering architectural, environmental and

) : : : Jan L. Vitek
technical requirements in a great variety of structures.

vedouc ¢eské narodni skupiny fib
The Czech concrete society supports the development

of construction technologies by publishing this report

and technical guidelines, by organizing courses and

conferences and by dissemination of knowledge among

their members and beyond.

Jan L. Vitek
Head of the Czech National fib Group
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DVORECKY BRIDGE ACROSS THE VLTAVA RIVER IN PRAGUE

DVORECKY MOST PRES VLTAVU V PRAZE

Fig.1 Render of the winning
design from the architectural
competition

Obr.1  Vizualizace vitézného
navrhu architektonické soutéze

Fig.2 Longitudinal section
Obr.2  Podélny fez

Fig.3 Plan view
Obr.3  Situace / Padorys
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Upon its completion this year, Dvorecky Bridge became Prague’s 19th bridge across the Vitava River.
It is designated for use by public transport tram and bus lines, vehicles of the integrated emergency
response system, and pedestrians and cyclists; it is not intended for private automobile traffic. Its design
emerged from an international architectural and structural engineering competition. The winning design is
a continuous box-girder bridge structure made of white prestressed concrete, featuring six spans and two
dominant piers in the river, with distinctive atypical shaping of all parts of the bridge, referencing Prague’s
famous Cubism (Fig. 1).

Dvorecky most se stal po svém dokonceni v letoSnim roce 19. prazskym mostem pres feku Vitavu. Je urcéen
pro provoz tramvajovych a autobusovych linek méstské hromadné dopravy, vozidel integrovaného zachran-
ného systému a pro pohyb chodct a cyklistd, neslouzi tak individualni automobilové dopravé. Jeho podoba
vzesla z mezinarodni architektonicko-konstrukéni soutéze. Vitéznym navrhem se stala spojitd mostni komo-
rova konstrukce z bilého predpjatého betonu o Sesti mostnich polich a dvou dominantnich pilifich v fece,
s vyraznym netypickym tvarovanim vsech ¢asti mostu, odkazujicim na slavny prazsky kubismus (Obr. 1).

DESIGN OF THE BRIDGE while the river piers are intentionally made visually, when
looking along the bridge, more substantial, supporting
the entire width of the structure. The actual shaping
of the substructure and the superstructure is unusual
and distinctly contemporary, systematically utilizing the
The layout of the winning design conceptually honors the  interplay of triangular surfaces with emphasized edges,
typology of Prague’s arched bridges across the Vitava; in  thereby also referencing the original and famous Cubist
the main spans across the river, it employs an arch motif, ~ structures beneath the nearby Vysehrad Basilica.

The bridge is designed as a continuous 337.8m long box
girder structure made of prestressed concrete with six
spans, each 30 + 51.5 + 62.5 + 87 + 62.5 + 42.5 m (Fig. 2).
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The two main piers in the river (water piers) are skewed,
follow the angle of the river's flow relative to the route
(bridge axis) (Fig. 3) and are rigidly connected to the
superstructure, thus together forming a frame. The main
span between the water piers is 87 m long, allowing
navigation on the river through a single 80 m wide
navigation channel. In the adjacent section near the Podoli
bank, the bridge further crosses a 40 m wide navigation
channel for handling the Racek boat hotel. On the left bank,
the structure crosses Nadrazni and Strakonicka Streets in
its first two spans; behind the abutment, the route then
smoothly connects to Na Zlichoveé Street with the existing
tram line. The main span of the bridge safely crosses the
river's 7 m high navigation profile; toward the right bank,
the bridge level then descends to smoothly connect with
the tram line on Podolské nébrezi. Despite the significant
drop in level on the right bank, the superstructure is
located above the prescribed standard reserve above the
Q2002 level (the extreme flood level in Prague in 2002,
corresponding to approximately a thousand-year flood).

FOUNDATION OF THE BRIDGE AND COFFERDAMS
IN THE RIVERBED

The structure is located in the river valley floodplain, where
the existing banks are covered by thick, often highly
heterogeneous fill that was placed here in the past to
protect the area against high water levels in the Vltava
River. The Quaternary cover consists mainly of sandy-clay
alluvium with low bearing capacity and relatively high
load bearing terrace gravels. The bedrock massif consists
of shales with tuff inserts; near the surface, the shales are
irregularly weathered, and the massif is folded with variable
layer inclination. A key factor complicating the foundation
is the presence of a geological fault zone in the river
area of pier P4. Here, strongly tectonically fractured shales
and quartzites were encountered, and a lamprophyre
vein was also documented marginally. Significant
tectonic fracturing in the shales is manifested by local
degradation into rock with low to extremely low strength,
frequent weathering, crushing, and abundant clay filling
in numerous cracks. In such significantly fractured rock,
discontinuous blocks of significantly stronger rock (shale,
quartzite, or even lamprophyre) of various sizes often
float freely. In the quartzite zones, tectonics manifests as
significant disruption, and the rock shows a fragmentary
decay, with clay filling in the cracks also being common.

The feasibility of using deep foundation elements in the
fault zone was the subject of numerous consultations with
geotechnical engineers and foundation experts during
the design phase. Some recommendations suggested
abandoning pile foundations and replacing them with
spread foundations combined with extensive subsoil
grouting, while others proposed foundations on small-
profile piles up to 300 mm in diameter. Still others, on the
contrary, suggested using piles of the largest possible
diameter so that any boulders encountered could be
removed or solid rock layers broken up. In the tender
specifications, the designer opted for a larger number of
900 mm diameter piles for pier P4. Due to the significantly

Petr KOUKOLIK
Metrostav TBR, a.s.
petr.koukolik
@m-tbr.cz

Radim CIHLAR
Strabag, a.s.
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poorer quality of the rock (class R5/R6), the pile length was
designed to be 20 m long here, whereas for pier P5, also
located in the river, but outside the fault zone, short piles
5 m long were planned, embedded in sound bedrock of
class R3-R2.

With the exception of the aforementioned pier P4 all
other piers and both abutments were designed to be
founded on 1200 mm diameter piles, generally with the
pile bottoms embedded in rock subsoil of class R4-R3 (R2).

One of the most demanding parts of the bridge con-
struction was the execution of piles P4 and P5, along with
their construction pits. The drilled piles for both piers in the
riverbed were constructed from a floating pontoon, on
which a drilling rig was placed, and drilling was carried out
through the water column to the riverbed. Pier P5 is based
on a total of 23 drilled piles 1200 mm in diameter, with
a total length of 5.0 m. The foundation joint of pier P5 is at a
depth of approx. 3.5 m below the level of the bottom of the
Vltava riverbed, so the boreholes were approx. 8.5 m long.
Although hard rock up to class R2 was encountered about
6 m below the riverbed, the required minimum pile length
of 5.0 m was ultimately achieved with considerable effort.

The pontoon with the drilling rig then moved to the
location of pier P4 to construct 20m long piles. Although
this was a fault zone, the actual construction of the piles
almost replicated the scenario at pier P5, where hard
rock layers, difficult to drill, were encountered relatively
early on. After several attempts at various locations on
the foundation with similar results, work on the piles for
pier P4 was suspended, and it was decided to prepare
a more detailed supplementary geological survey. As part
of this, five additional core drillings were carried out in
the ground plan of the P4 pier foundation, along with
other supplementary tests and measurements (logging
measurements and seismic tomography between
drillings).The results of the work refined the interpretation
of the geological composition of the subsoil and the

Fig.4  Seismic tomography
of the subsoil of pier P4
Obr.4  Seismicka tomografie
podlozi pilite P4
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Fig.5 Sealed cofferdam

of pier P5

Obr.5 Tésnénd jimka
pilife P5

Fig.6 Formwork

of abutment O7
Obr.6 Bednénfopéry O7

Fig.7 Shaping of
abutment O7

Obr.7  Tvarovani opéry O7
Fig.8 Shaping of pier P4
Obr.8 Tvarovani pilife P4
Fig.9 Typical cross sections
Obr.9 Typické pricné rezy

characteristics of the geotechnical types encountered,
and provided information on the distribution of tectonic
disturbance areas in the form of a 3D subsoil model (Fig. 4).
The basic characteristics of the disturbed massif were
specified as class R4 rock. Based on the additional survey,
the technical solution for the foundation was recalculated
and modified. Pier P4 is ultimately founded on a total of
48 piles @ 1200 mm, with a total length of 8.0-12.0 m,
where the variable length of the piles is designed with
regard to the detected inclination of the layers of firmer
positions from the 3D model of the subsoil. With the
help of a special drill head, the piles were successfully
implemented in accordance with the modified design.

At the same time, grouting of the bases of all piles of pier
P4 was designed and subsequently carried out in order to
eliminate possible settling at the bases caused by possible
loosening of the rock on the contact surface of the pile
base due to the drilling technology and difficult cleaning
of the bases in rocks of varying quality, small thickness and
significant inclination of the layers. This limited the possible
differential settlement of the foundations of piers P4 and
P5, which would have been unfavourable for the frame
structure.

Even before work began on the P4 and P5 water piers,
several sheet pile driving tests were carried out to verify the
feasibility of constructing sealed sheet pile cofferdams for
the foundations and shafts of piers P4 and P5. The results
of the tests showed that the originally planned design
of sealed double-shell cofferdams, constructed using
conventional or vibratory pile driving, with subsequent
sealing of the space between the two shells with a clay-
cement mixture, appeared to be unfeasible. During the
tests, it was not possible to drive the sheet piles down
to the weathered edge of the rock subsoil, which was
intended to prevent water from flowing under the feet
and thus ensure the functionality of the cofferdam. Based
on this finding, the technical solution for sealed sheet
pile cofferdams was changed to single-shell cofferdams,
with sheet piles driven into pre-drilled holes 1200 mm in
diameter, and the holes subsequently filled with a clay-
cement mixture up to the riverbed level.

The pre-drilled holes were made to a depth of approxi-
mately 6.5 m from the bottom level, so the sheet piles
were embedded at least 1.5 m into the bedrock under the
gravel terrace. The cofferdams were then gradually secured
statically during pumping water out using massive steel
spacer frames on two levels, and reinforced with concrete
at the bottom (Fig. 5). The outer shell of the cofferdams is
protected against impact from vessels by a fender system
installed on an independent set of sheet piles. During
construction, the cofferdams proved to be sufficiently
watertight, and residual inflows into the pit were easily
pumped out. Only once during construction did the water
level in the Vltava River rise to a height that required
flooding the cofferdams for safety; after the water level
dropped, they were drained again.

SUBSTRUCTURE

All elements of the substructure are monolithic reinforced
concrete. The shapes of the substructure, of both the
abutments and piers, follow the architectural design of the
entire bridge; all visible surfaces are composed of triangles
with accentuated sharp edges.

The abutments of the bridge follow the shape of the
superstructure (Fig. 6), as do the adjoining wings in the
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form of retaining walls. Safety doors are installed in the
abutment walls, or rather in the side surface of the wing,
allowing access to the superstructure box.

The O1 abutment on the Smichov side is significantly
skew in its ground plan, following the course of Nadrazni
Street under the bridge. The O1 abutment consists
of a massive shaft with a bearing sill and screen walls
smoothly connecting to the shaft. The front face of the
abutment shaft is significantly inclined forward and further
divided into triangular sections. Along both wings, there
are separate structural elements, such as access staircases
to the bridge.

The O7 abutment on the Podoli bank is perpendicular to
the bridge axis. The main part of the abutment consists
of a massive shaft with a bearing sill, and screen walls
smoothly connecting to the shaft, and wing beginnings.
The front face of the abutment shaft is composed of
triangular surfaces at various angles (Fig. 7). The abutment
also includes an internal divided space behind the
closing wall, which serves partly as a publicly accessible
facility with toilets and partly as non-public space used
for the operation of the arena under the last bridge
span (see below). The abutment’s bearing sill has two
height levels: the higher one at the level of the bearing
pads that support the superstructure, and the lower
one, allowing access from the facilities to the inner
chamber of the abutment. The adjacent wings are then
formed by separate monolithic reinforced concrete angle
walls.

Piers P2, P3 and P6, located on both banks, have a similar
structural design, consisting of a single slender shaft. In
the horizontal section, the shafts have a trapezoidal shape,
variable in height in both directions, and, transversely,
they widen with height, allowing bearings to be placed
on them at the top. The surfaces are again formed by
triangular planes. In addition, the individual edges of
the P2 pier shaft rotate in one direction, creating the
impression of a helix, so that the pier is not symmetrical to
any of the axes in a horizontal section.

Piers P4 and P5, located in the bed of the Vltava River,
have a different shape and character than the piers
located on the banks. They are oriented parallel to the
river flow and thus are skewed to the bridge axis. They are
frame-connected to the superstructure and significantly
influence the bridge’s architectural expression.

The piers rest on a massive foundation slab laid under the
riverbed. This is a wall shaft across the entire width of the
bridge’s superstructure. The wall surfaces are faceted, again
forming triangles. Overall, the walls of these piers are very
slender in the longitudinal direction of the bridge, tapering
to a point at the upstream and downstream edges, thus
achieving a hydraulically favourable shape. The central
triangular surface of the wall has its apex at the normal
water level of the VItava River at an elevation of 187.00 m
above sea level and thus naturally indicates the water level
in the river (Fig. 8).

Spherical bearings for supporting the superstructure are
located on both abutments and all bank piers (P2, P3, P6).

The complexity of the project and the subsequent
construction of the substructure, caused by the atypical
shaping and variability of the cross-sections, was further
compounded by the architect’s requirement to minimise,
or even eliminate, construction joints and holes for fixing
the formwork in exposed, visible areas. This leads to
the casting of larger units in a single stage and more
demanding formwork assemblies with higher support
requirements.

Fig. 10 Detailed 3D
model of the structure

with prestressing

Obr. 10  Detailni 3D model
konstrukce s predpétim

Fig. 11 Prestressing

in the central part of the main
span

Obr. 11 Predpéti strednf ¢asti
hlavniho pole

Fig. 12 Detailed

3D reinforcement

of the diaphragm above P2
Obr. 12 Detailni 3D model
vyztuze pfi¢niku nad P2
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Fig. 13 Shaping of the
superstructure

Obr. 13 Tvarovani nosné
konstrukce

Fig. 14 Transport

of falsework

for the main spans

Obr. 14  Preprava skruze
pro hlavni pole
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SUPERSTRUCTURE

The structure consists of a three-box cross-section with
two main load-bearing internal walls of variable height.
The outer sloping walls define the structure’s outer shape
and serve as struts for the pavement cantilevers. These
struts are inclined and kinked, and their linear shift of the
kink point defines the change in the shape of the cross-
section along the length of the bridge span, with the cross-
section changing smoothly from trapezoidal above the
piers to purely triangular in the middle of the span (Fig. 9).

The outer surface is thus again composed of triangles,
the length of which is always half the length of the
span. Concrete pavement slabs are integrated into the
superstructure and fully utilise the available structural
height. The top slab of the central box is forcibly (and
structurally unsuitably) placed in a lowered position
in order to create space for the construction of an
independent fixed concrete tram track. The depth of the
superstructure in the outer spans (outside the river profile)
is a constant 2.7 m; in the spans above the river, it changes
smoothly with parabolic haunges from 3.1 m in the main
span (or 2.7 m in the adjacent spans) to 54 m above the
main piers.

The complexity of the superstructure is further increased
by its varying skew layout in plan above the individual
supports, where the cross-section arrangement changes
smoothly from a distinctly skewed support above

abutment O1 to a perpendicular arrangement above piers
P2 and P3, then again to be rotated above the frame
of piers P4 and P5 in the Vltava riverbed, so that the
cross-section returns to perpendicular above pier P6 and
abutment O7.

Due to continuous changes in the superstructure’s skew
layout and depth, and to different prestressing alignments
along the length of the bridge, almost every cross-section
of the superstructure is unique (Fig. 10).

The C45/55 concrete structure is longitudinally prestressed
by 27 Y1860 S7-15.7 bonded prestressing units. The pre-
stressing tendons are connected at the joints between
individual construction stages or anchored in blisters within
the box. The geometry of the tendon routing is extremely
complicated, especially in the ground plan, as the tendons
must follow the geometry of the main walls, which, with
their kinks, shape the outer surface of the superstructure,
transitioning to a triangular shape in the spans.

Standard lifting tendons, which must be placed in the
box wall above the support at the upper fibres and inside
the span at the lower fibres of the cross-section, thus
fundamentally change their transverse position from
the usual “outer” position at the wall-upper slab joint to
a position at the very centre of the cross-section at the
apex of the triangle in the centre of the span (Fig. 11).

Above piers P2, P3 and P6, transverse prestressing of
the diaphragms is also designed using 7-strand lifting
tendons, which compensate for the increased stress in the
diaphragms from the indirect setting of the structure on
the bearings.

Based on a corrosion survey, the bridge was designated
for protective measures of grade 4 against stray-current
effects. Taking into account the tram line running directly
on the bridge, the proximity of the railway line and the
metro line on the Zlichov bank, a number of measures
were designed for the bridge to limit the impact of stray
currents on the bridge structure, including the use of
a fully electrically insulated prestressing system (PL3).

During elaboration of the detailed design documentation
for the superstructure, it became apparent that a large
amount of mild reinforcement would be required, up
to approximately 300 kg/m’. The reasons for this high
consumption include, in particular, the reduced bending
and torsional stiffnesses of the triangular cross-section in
the middle sections of the bridge spans, the greater need
to transfer radial forces from the curved tendon routing,
and the greater number of cross-sectional changes in
both the transverse and longitudinal directions, which
the individual rebars must follow in shape. Given the
need for strong structural reinforcement (Fig. 12), the
complex prestressing and its electrical insulation, and the
concreteability of the cross-section, it was necessary to
design the layout of prestressing tendons and rebars for
each section with unusual detail and precision. Due to
potential collisions between prestressing tendons and
rebars, the cross-section shape within the box was further
refined locally.

The bridge’s architecturally distinctive appearance (Fig. 13)
distinguishes it from conventional box girder bridges of
similar dimensions and significantly impacts both the
scope and labour intensity of the design work and the
labour intensity of the construction itself. Nevertheless,
the consumption of basic materials for the superstructure
was kept at usual levels (concrete: 1.0 m*/m?, prestressing
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reinforcement: 36 kg/m?. Considering the demanding
requirements of the assignment, in particular the load
from tram traffic on the bridge, the prescribed tram track
construction with an independent fixed track on the
bridge, and the relative slenderness of the superstructure
given the limited space between the prescribed route
elevation and the obstacles to be crossed, the design
can be considered economical overall in terms of the
consumption of concrete for the superstructure and
prestressing. On the other hand, the above-described
increase in the consumption of mild reinforcement
compared to conventional box structures is significant,
but not significant in terms of the total construction costs.

CONSTRUCTION OF THE SUPERSTRUCTURE

Due to the structure’s complex geometry and the
spatial conditions and limitations on both banks,
a gradual construction on fixed falsework was chosen.

The construction was divided into six stages, with work
expected to proceed in individual spans (each with a short
overhang into the next span) from both abutments
towards the river, with the central section of the main span
across the river being the last to be constructed. Above the
river, it was originally envisaged that the formwork would
be placed on a set of intermediate trestles, placed on steel
structures embedded in the riverbed.

The fixed falsework on both abutments was partly made
up of spatial falsework (partly in Span 1 — PERI UP Rosset
Flex and then completely on the Podoli bank — DOKA
Staxo 100) and partly heavy falsework (steel beams on
trestles in Span 2 and part of Span 3).

But the falsework above the river was finally implemented
in a different, yet interesting way. The dimensions
and positions of the cofferdams were adjusted to
accommodate the placement of the falsework support
towers within the cofferdams next to the piers. Similarly,
the shoring on both riverbanks was prepared for the
placement of the falsework towers. The falsework in
Spans 3 and 5 above the river was then made of massive
steel truss girders, which had previously been used to
construct temporary railway bridges. These structures
were transported in parts to the assembly yard about 5
km away, where they were assembled into pairs, each
to the required lengths of 39 m and 54 m, respectively,
and gradually moved onto Helios pontoon boats and

transported down the river to the site (Fig. 14). Here, they
were lifted directly from the pontoons into the desired
position on the support towers using hydraulic jacks. In
total, these structures weighed almost 900 tonnes. The
main parts of Spans 3 and 5 were then constructed on
these structures.

The outer parts of the central span at the piers in the
river were constructed at the same time on short girders
resting on only two intermediate trestles set up in the

Fig. 15 Casting of stage 4
Obr. 15 Betondz etapy 4

Fig. 16 Construction

of the central part of the main
span (stage 6)

Obr. 16  Vystavba stfedni
¢asti hlavniho pole (etapa 6)

Fig. 17  Prestressing and mild
reinforcement of stage 6

Obr. 17  Predpétia vyztuz
etapy 6
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Fig. 18  Artwork under

the bridge (Heavy Head Boy)
Obr. 18  Uméleckd dila

pod mostem (Heavy Head Boy)

Fig. 19 Completed bridge
Obr.19 Dokonceny most
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main river flow between piers P4 and P5 (Fig. 15). After
concreting, the girders from the Podoli side were moved
on pontoons to the main span to execute the final stage,
which connected both parts of the bridge into a single
unit (Fig. 16). During the construction of the final stage,
when the formwork was positioned in the middle of the
river, navigation was routed under the already completed
third span of the bridge near the Zlichov bank.

The complexity of the construction of the superstructure
of Dvorecky bridge lay primarily in projecting the
designed bridge’s shape into the formwork design,
which had to conform not only to the given geometry
but also to the architect’s requirements for minimizing
the number of visible construction joints and assembly
openings for formwork fastening. The formwork design
was carried out exclusively in 3D in collaboration with
the bridge designer, and the reusability of the formwork
elements was minimal, partly due to time constraints.
A major challenge was the placing of the concrete and
prestressing reinforcement within the formwork. Given
the large amount of concrete reinforcement, it was
necessary to work with increased precision (Fig. 17) so
that the smooth geometry of the prestressing tendons
was not disrupted even locally and so that the contact
between the reinforcement and the tendon ducts, which
could impair the electrical insulation properties of the
prestressing system, was minimised (and provided with
special inserts). The prescribed use of white concrete
also significantly contributed to the complexity of the
concrete work. The desired colour was achieved using
white cement. This was custom-made and imported from
Slovakia. Due to the increased amount of cement in the
mix, the rate of heat release during hydration was higher
than in standard concrete. For the concrete pouring of
the more massive parts of the structure (diaphragms, but
also abutments), a cooling system was therefore installed.

BRIDGE ACCESSORIES AND EQUIPMENT

The roadway with tram tracks on the bridge is designed
to be covered with mastic asphalt so that it can also be
used by road traffic. The independent tram track structure
(fixed track with W-tram fastening system) is embedded in
the bridge and rests on a lowered upper deck slab, which

is separated from it by asphalt insulation bands and anti-
vibration rubber mats.

Given the length of the bridge, the transition of the tram
track from the bridge to both approaches is achieved
using track expansion devices. The bridge expansion joints
are of the finger type. The bridge insulation is full-surface,
the insulation from the trough under the roadway is
continuously extended to the pavement cantilevers.

The surface of the pavements is covered with a coloured
layer from ACO (asphalt concrete), and the kerbs are made
of stone. Water is drained from the road surface and
pavements on the bridge by means of longitudinal and
transverse slopes into bridge gullies located on both sides
of the road. In the area of zero longitudinal slope, the
gullies are replaced by a continuous trench drainage along
the kerb. Water from the bridge is then drained through
longitudinal drainpipes in the bridge box via end walls into
the sewer system on both approaches.

On both outer edges of the bridge, there is a post-free
railing, which is locally interrupted in designated places by
steel poles of the tramway traction line. These also serve to
mount public lighting fixtures. The railing structure itself,
with a solid white artificial stone handrail at a height of
1.30 m above the pavement surface, and the shapes of
the traction line poles with a square cross-section tapering
conically along the height of the pole, are designed
according to the architect’s requirements and follow to
the triangular surfaces of the superstructure. The white
handrail itself is illuminated from below by an inserted
continuous lighting strip with spot LED elements, which
illuminate the adjacent pavement surface and serve for
ceremonial lighting of the bridge and supplement the
pubilic lighting fixtures on the traction line poles.

The bridge is equipped with monitoring devices and
systems that allow to monitor the temperature and
deflection behaviour of the structure, penetration of
aggressive substances into the concrete, tension in the
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prestressing tendons, electrical insulation properties of the
prestressing system and corrosion potential of prestressing
and mild reinforcement.

OTHER STRUCTURES AND ART INSTALLATIONS

The Dvorecky Bridge project also includes adjacent
structures. Among these we should mention the
PID Information Center, located on the lower level of
Nadrazni Street near the bus stop. It is embedded in the
embankment of the newly widened Na Zlichové Street.
The facility will serve as a transit hub for passengers,
connecting the bus stops on the lower level in Nadraznf
Street and the new tram & bus stops, located on the upper
level directly on the bridge in close proximity to bridge
abutment O1. Direct pedestrian connections between
both levels are provided by staircases situated on both
sides of abutment; on the southern side, the staircase
is complemented by a lightweight steel footbridge in
the shape of a loop winding along the slope of the
embankment of Na Zlichové Street, which provides
barrier-free access between the two levels.

From the very beginning of the Dvorecky Bridge feasibility
study, considerable attention was paid to the design of
the public space on both approaches; plans included
the installation of artworks and the use of the area for
cultural and recreational activities. Various artists were
also involved in these designs, notably the sculptor and
visual artist Kristof Kintera. On the Zlichov side, a so-called
“light garden” is being prepared according to his design,
featuring lights lanterns collected from around the world
— the installation is named “Light Removes Darkness” On
the Podoli side, an urban landscape is created beneath the
bridge structure — a multipurpose arena for cultural and
recreational activities — including theater performances,
a skatepark, a bouldering zone, a staircase leading down to
the river, a picnic area with a mobile, artistically designed

café, etc, complemented by the installation of individual
pieces of artwork (Fig. 18).

CONCLUSION

The unusual and unique bridge design (Fig. 19, 20) based
on a proposal from an architectural and structural design
competition, along with the foundation of the bridge
in the river, presented an extraordinary challenge for
both designers and builders from the very beginning.
The construction was accompanied by certain difficulties,
particularly regarding the actual geological conditions
encountered in the Vltava River, which affected the
foundation work and the excavation of pits for piers P4 and
P5. Local restrictive conditions also contributed to the high
complexity of the construction.

Dvorecky Bridge was opened to service in April 2026 and
became a new addition to Prague’s collection of bridges
across the Vitava River, the vast majority of which are
exceptional. Due to its distinctive design, it is likely be
impossible to overlook. The designers and builders believe
that the future will prove the new bridge to be a worthy
addition to the list.

MATERIAL USAGE (SUPERSTRUCTURE)

I B pes I

CONCRETE C45/55 5752,7 m? 1,03 m?

PRESTRESSING STEEL

2029t 36,4 kg
(LONGITUDINAL)
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SPOTREBA MATERIALU (NOSNA KONSTRUKCE)
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Fig.20 Completed bridge
Obr.20 Dokonceny most
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CABLESTAYED BRIDGE OVER THE ELBE RIVER IN PARDUBICE NEAR FABLOVKA

ZAVESENY MOST PRES LABE V PARDUBICICH U FABLOVKY

Petr VITEK
HOCHTIEF CZ
Petr.Vitek@hochtief.cz

The cable-stayed bridge is part of the north-eastern bypass of Pardubice. The project was procured under
a design-and-build arrangement. As the key structure along the route, the bridge - featuring a main span
arrangement of 122 + 135 metres and a single pylon - was redesigned extensively compared to the original
tender documentation. The final structural system was developed in close alignment with the selected

construction method.

Zavéseny most je soucasti Severovychodniho obchvatu Pardubic. Stavba komunikace byla zadana formou
design and build. Most o rozpétich 122 + 135 m s jednim pylonem jakozZto nejvyznamnéjsi objekt trasy byl
oproti zadani zcela prepracovan. Konstrukéni systém je navrzen v souladu s technologii vystavby.

DESIGN SOLUTION

The bridge designed in the tender documentation had
a steel main span and a concrete smaller span. However,
at the time of the tender, the price of structural steel was
very high, making the original design uncompetitive.

Several  construction methods were considered
during the preparation of the bid, with the launch of
the bridge deck on temporary supports, followed by
the construction of the pylon and installation of the
stay cables, emerging as the most favourable option.
The structural system was aligned to this construction
method. Launching to a span of 40 metres on temporary
supports corresponded to a design cross-sectional
height of 2.4 metres and required centric prestressing.
To facilitate the launching process, it was recommended
that a constant cross-section be maintained along the
entire length of the bridge. This resulted in the stay
cables being set up symmetrically, which increased the
adjacent span to 122 m compared to the 90 m stated in
the tender documentation. The main span is 135 m, and
the weight of the missing 13 m of bridge deck compared
to the main span was compensated for by a massive
support crossbeam into which the longest stay cable was
anchored. The pylon experiences considerable bending
stress, so it was designed with two stems to significantly
increase its rigidity; the reinforcement of the stems was
standard. The pylon and bridge deck are embedded in
a segmented pillar (Fig. 2 and 3).

The structure’s load-bearing behaviour is therefore very
clear: it is rigid in the area of the central pillar and has
sliding bearings on the abutments. Together with the
one-sided anchoring of the longest stay cable to the
crossbeam, this creates a robust construction system that
can withstand asymmetrical payloads and eliminates the

need for a prop in one of the spans, unlike some other
single-pylon bridges. The sufficiently rigid, pre-tensioned
bridge deckis anchored by only seven pairs of stay cables,
simplifying the construction process technologically.
Increasing the length of the bridge also saved material
from the high embankment behind the abutment.

The bridge's structural design has therefore been
carefully optimised to achieve competitive pricing, while
also paying attention to aesthetic effects and future
maintenance. The top of the pylon can be reached from
the platform. The stay cables are made up of replaceable
galvanised monostrands.

BRIDGE CONSTRUCTION

Concreting of the bridge deck took place in two adjacent
bays. In the first bay, the bottom and walls of the box
were concreted. In the second bay, inclined precast struts
were installed and the slab was concreted. The bridge
was then launched using a rope system anchored to the
abutment. A total of eight launches of the standard 32 m
length took place (Fig. 4). The pylon was constructed in
stages using climbing formwork. The stay cables were
transferred through the pylon in saddles, with a separate
teardrop-shaped channel created for each rope. The
cable was then wedged into place by symmetrical
pretension (Fig. 5).

CONCLUSION

The cable-stayed bridge was built on time, within budget
and to a high standard. In addition, the design was
created with the aim of minimising future maintenance
costs. From an aesthetic point of view, the bridge is
generally very well received (Fig. 1).
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KONSTRUKCNI RESENI

Most navrzeny v zadani mél hlavni pole ocelové, zatimco
vedlejsi kratsi pole bylo betonové. V dobé vefejné soutéze
byla velmi vysoké cena konstrukeni oceli, ¢imz se pGvodni
navrh stal nekonkurenceschopnym.

Béhem piipravy soutézniho ndvrhu se zvazovalo nékolik
technologif vystavby, pfi ¢emZ vysuv mostovky na docas-
nych podporach s naslednou vystavbou pylonu a montézi
zavéseni vychazel nejpiiznivéji. S technologif vystavby sou-
visel konstrukeni systém. Vysouvani na rozpéti 40 m po do-
¢asnych podporach odpovidalo konstrukéni vysce prarezu
24 m a vyzadovalo centrické predpéti. Pro vysuv je vhodné
ponechat konstantni prifez po celé délce mostu. Z toho
vychdzela symetrickd osnova zavésd, a to vedlo ke zvétseni
rozpéti vedlejsiho pole na 122 m oproti zadani, kde bylo jen
90 m. Hlavni pole ma rozpéti 135 m. Tiha chybéjici délky
mostovky 13 m oproti hlavnimu poli se kompenzovala mo-
hutnym podporovym pfi¢nikem, do kterého se zakotvil nej-
delsi zadvés. Ohybové namahani pylonu je znacné, proto byl
navrzen rozkroceny do dvou dfikd, ¢imz se vyrazné zvysila
jeho tuhost a vyztuzenf diikd bylo na bézné urovni. Pylon
s mostovkou jsou vetknuty do ¢lenéného pilife (obr. 2 a 3).

Statické pUsobeni konstrukce je tedy velmi transparentni,
v oblasti stfedniho pilite tuhé vetknuti, na opérach posuv-
nd loZiska. Spolu s jednostrannym kotvenim nejdelsiho
zavésu do pficniku vznikd robustni konstrukeni systém,
ktery dobfe odoldvé i nesymetrickému uzitnému zatize-
ni, a nevyzaduje tak stojku v jednom z poli, jak je tomu
u jednopylonovych mostt obvyklé. Dostatecné tuha a pre-
depnutd mostovka je zavésena jen sedmi pary zavés(, coz

vedlo k technologickému zjednoduseni procesu vystavby.
Zvétseni délky mostu umoznilo Usporu materidlu vysoké-
ho nédspu za opérou.

Konstrukeni feseni mostu je tedy peclivé optimalizova-
né s cilem dosahnout konkurenceschopné ceny dila, ale
rovnéz bylo dbano na estetické plsobeni a v neposlednf
fadé i na budouci udrzbu. Vrchol oproti zadani snizeného
pylonu je dosazitelny z plosiny. Zavésy jsou sestaveny z po-
zinkovanych monostrandd, které jsou vymeénitelné.

VYSTAVBA MOSTU

Betondz mostovky probihala ve dvou navazujicich vyrob-
nach, v prvni se betonovalo dno a stény komory, ve druhé

se osazovaly sikmé prefabrikované vzpéry a betonovala se
deska. Vysouvalo se lanovym systémem kotvenym do opé-
ry. Celkem probéhlo osm vysuv( standardni délky 32 m
(obr. 4). Pylon se budoval do po taktech do prekladaného
bednéni. Zavesy jsou pres pylon prevadény v sedlech, kde
je pro kazdé lano vytvoren separatni kanalek kapkovitého
tvaru, do néhoz se lano symetrickym predepnutim zaklini
(obr. 5).

ZAVER

Zaveseny most se podafilo postavit v ramci rozpoctu, v po-
zadovaném terminu a ve vysoké kvalité. Kromé toho se
pfi ndvrhu dbalo na minimalizaci budoucich udrzbovych

nakladl. Po estetické strdnce je most vieobecné pfijiman
velmi pfiznivé (obr. 1).

Fig.2 Longitudinal section
of the bridge
Obr.2  Podélny fez mostem

Fig.3 Cross-section
of the bridge
Obr.3  Pficny fez mostem

Fig.4 Launching

of the bridge deck
Obr.4  Prdbéh vysuvu
mostovky

Fig.5 Installation
of the stay cables
Obr.5 Montéz zavest
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The railway arch bridge near Cervena carries a single-track railway connecting the southern Bohemian
cities Tabor and Pisek. The new bridge replaces the old steel bridge from the 19t century, which does not
satisfy the requirements of the Railway administration, mainly the load carrying capacity, due to severe
corrosion. It was necessary to avoid the piers in the river, therefore an arch bridge with arch footings
outside the river was designed. The arch was built by the free cantilever method with temporary pylons
and temporary stays. The prestressed bridge deck was cast on fixed scaffolding. The bridge was completed
in 3 years.

Zelezni¢ni obloukovy most u Cervené prevadi jednokolejnou trat spojujici jiho¢eska mésta Tabor a Pisek.
Novy most nahrazuje stary ocelovy most z 19. stoleti, ktery nespliuje pozadavky drah na tnosnost z divo-
du rozsahlé koroze. Bylo pozadovano, aby pilife nového mostu nebyly umistény v fece, proto byl navrzen
obloukovy most s patkami na brezich mimo fi¢ni tok. Oblouk se stavél letmou betonazi s do¢asnymi pylony
a zavésy. Predpjata mostovka byla betonovana na pevné skruzi. Cely most byl postaven béhem tfi let.

big, and the favourable impression of the high bridge was
significantly reduced (Fig. 1). After more than 130 years of
operation the steel structure was heavily corroded. It was
decided to build a new bridge and demolish the old steel
bridge. Railway traffic had to be maintained on the old
bridge during the construction of the new bridge. The axis
of the new bridge is parallel to the axis of the old bridge at
a distance of only about 10 m.

The new bridge is an arch bridge, a suitable design
without piers in the river. The footings of the arch are
located above the water level on the river banks. The arch
is at the moment the longest concrete arch in Czechia
with a span of 156 m. It carries the bridge deck made of
prestressed concrete (Fig. 2).

After the construction of the new arch bridge started,
some local people began to fight for preservation of
the old bridge. They were successful in that the Ministry
of culture declared the old bridge to be a cultural
monument, which cannot be demolished. Now there is

Fig. 1 Theold steelrailway 1. INTRODUCTION
bridge from 1889

Obr.1 Stary ocelovy

Zelezni¢ni most z roku 1889

Fig.2 The new concrete
arch bridge

Obr.2  Novy betonovy
obloukovy most

016 | 017

The railway connecting the cities Tabor and Pisek in
southern Bohemia crosses the Vitava River. The original
steel truss bridge was completed in 1889. At that time the
Vltava River was a rather small watercourse in a deep valley.
The steel bridge with 3 spans, each 84.4 m long, appeared
as an interesting landmark high above the water level. In
the 1960's a dam was built downstream from the bridge
and the water level significantly increased. The piers of
the old bridge had to be protected against water and
because of flooding they appeared to be shorter and too

a strange situation of two bridges very close each other,
which resulted in a very bad appearance of the two
structures. The new bridge is in the ownership of the
railway administration. The maintenance of the old bridge
is not resolved, and the future owner is also not known.

2. BASIC PARAMETERS OF THE NEW BRIDGE

The concrete bridge carries a single-track railway. The
span of the reinforced concrete arch which is fixed into
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large footings is 156 m and its elevation is 34.7 m. The
bridge deck has a double T section, it is only 5.9 m wide.
The spans of the bridge deck vary in the range 20 to
24 m. The total length of the bridge deck is 299.2 m.

The bridge has mostly flat foundations. There is hard rock
in the vicinity of the bridge. Only the abutment on the
right-hand side river bank (direction Tabor) is founded on
piles, because of its location on the railway embankment.

Large foundations support the arch and the tallest piers.
On the right-hand side of the river, the foundation pit was
excavated according to the design of the bridge. On the
left-hand side, the rock base was founded deeper, the
soft ground had to be replaced by additional concrete
filling under the foundation.

The bridge deck has 12 spans. On each side, there are
3 spans above the slopes of the valley and 3 spans above
the arch. The piers above the slopes have a rectangular
cross-section 4 x 1.5 m and their height varies from 8.5 to
35 m. The four piers on the arch are from 5.8 to 18 m high
and their cross-sections are slightly smaller, 4 x 1.1 m.

The arch has a rectangular hollow cross-section with
a constant width of 5 m and a variable depth. At the
footings, the arch is 3.3 m deep, while at the midspan it is
only 2.5 m deep. The two webs have a constant thickness
of 0.6 m and the thicknesses of the top and bottom slab
are variable from 0.85 m at the footings to approx. 0.5 m
at the midspan. The dimensions of the cell inside the arch
are constant 3.8 x 1.5 m.

The bridge deck has a double T section, 5.9 m wide and
1.35 m deep. The piers on the arch and the footings are
connected with the bridge deck by concrete hinges. On
piers above the slopes and on abutments, the bridge
deck is supported on sliding spherical bearings. The
fixed point of the bridge deck is in the centre of the arch,
where the bridge deck was cast directly on the arch.
The deck and the arch are connected along a length of
22 m. The bridge is a semi-integral structure which has
only 12 bearings on supports with easier access and two
expansion joints at the ends of the bridge. The bridge
deckis prestressed by 4 tendons composed of 15 strands,

Michal CHURA
PONTEX, s.r.o.
chura@pontex.cz

Jan L. VITEK
Metrostav a.s.
jan.vitek@metrostav.cz

@15.7 mm. The central part of the bridge deck above the
arch crown is not prestressed, and is only reinforced by
mild reinforcement.

3. CONSTRUCTION OF THE NEW BRIDGE

The works on the site started in December 2021. Complex
excavation works had to be done especially on the Tabor
side (Fig. 2 left), where the slope is very steep. The slope
is about 30 m deep and rocky. Blasting was necessary for
excavation of the foundation pit for the footing of the
arch and the tall pier. The machines for all works had to
be transported to the foundation pit by crane. During
3 months, 9000 m* of rock was excavated. At the same
time the foundations of shorter piers were erected. It was
necessary to drill and assemble the ground anchors and
micro piles to the foundations. Without them the tensile
forces induced by temporary stays during the erection of
the arch could not be anchored. Two teams worked on
each side of the valley; the left and right part of the bridge
were built independently until the arch was connected
at the midspan. Fig. 3 shows the excavation works on the
Tabor side of the river. The steep slope had to be stiffened
by a concrete transversal beam anchored to the subbase
by ground anchors.

The arch footings were rather large structures with
dimensions 12 X 11 X 64 m. They were cast in 3 parts.
For the largest part, it was necessary to pour 650 m* of
concrete. The increased temperatures due to the heat of
hydration had to be kept under the limit of 70°C, which is
given by the technical specifications of the Czech railway
administration. Concrete C30/37 90d was tested and its
composition was modified. The cement CEMII/B-S 32.5
was used in the amount of 335 kg/m? of concrete. The
temperature gauges were embedded in the core of the
cast parts of the large footings. The maximum temperature
measured in the core of the footing was 57.4°C.

After casting the foundations, the piers in the slope area
were built. Standard formwork was used in steps 4.5 m
high. It was necessary to install the anchors of temporary
stays into some foundations and piers and also to leave the

Fig.3 Excavation works

on the Tabor side, anchored
stiffening beam guarantees
the stability of the slope.
Obr.3  VWkopové prace

na taborskeé strané, kotveny
ztuzujici trdm zajistuje stabilitu
svahu

Fig.4 Completed piers
on the slopes with openings
for temporary stays

Obr.4 Dokoncené pilite
ve svazich s otvory pro
docasné zavésy
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Fig.5 Scheme of the arch
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openings in piers for temporary stays (Fig. 4), which were
necessary for the erection of the arch. The construction
continued by casting of the bridge deck above the slopes
until reaching the highest pier above the arch footing.

Access into the valley was practically excluded because
of steep slopes and deep water in the river. The arch
was cast by the cantilever method, using temporary
pylons and stays. A simple scheme is shown in Fig. 5.
The initial part of the arch at the footing was cast on
fixed scaffolding (Fig. 6). This scaffolding was a part of
the form traveller which was used later for casting of
subsequent segments of the arch. The segments were
about 5.2 m long. The form traveller (Fig. 7) was operated
by a hydraulic system, which allowed for its movement

in the temporary stays had to be adjusted, so that the
correct shape of the arch was achieved.

After casting of the last segment of one half of the arch,
this form traveller was suspended on bars and lowered
on the pontoon and then transported to the bank.
The last segment of the other half of the arch could
be cast using the remaining form traveller. Then it was
also lowered to the pontoon. The gap between the
completed two halves of the arches was 2.4 m wide. The
ends of the arch cantilevers were temporarily connected
by steel elements, and the formwork was assembled for
casting the closing gap. Each segment of the arch was
castin 12 days on average.

After closure of the arch, the pylons and temporary

construction
Obr.5 Schémavystavby ~ forwards and for adjustment of its precise position. stays were removed. The piers on the arch were cast
oblouku  The transversal steel beam which supported the form (Fig. 8) and finally the bridge deck above the arch was
ABOR ; :
=R PSEK

Fig.6 Formwork for the first
part of the arch

Obr.6 Bednéni prvni casti
oblouku

Fig.7 Cantilever casting

of the arch using a temporary
pylon and stays

Obr.7 Letmd betonaz
oblouku s doc¢asnym pylonem
a zavesy
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traveller in front had to be installed by crane. Large tower
cranes were located on the arch foundation and reached
up to the midspan of the arch. The stays were composed
of 12 or 19 strands @15.7 mm. The temporary pylons
installed on the bridge deck above the highest piers
were 21.6 m high and were made of reinforced concrete.
They were cast in segments 1.35 m high separated
with plastic foil. The reinforcement located along the
perimeter of the cross-section continued through the
joints between segments. It made it possible to more
easily demolish the temporary pylons after completion
of the arch.

The two halves of the arch were erected approximately
symmetrically from each bank of the river. Very close co-
operation between the designer and the contractor was
necessary. After casting of each segment, the geometry
of the arch was measured several times, and the future
position of the form traveller was specified. The forces

completed. A fixed scaffolding was used for casting of
the bridge deck. In the spans above footings, temporary
towers located beside the piers supported steel beams
carrying the formwork. In spans close to the midspan
a light scaffolding was used (Fig. 9).

When the bridge deck was completed and prestressed,
the edge beams were cast, and the waterproofing and
railway track were installed.

The traffic on the railway was interrupted only in about
the last 3 months of the construction. During this period,
the existing railway was connected to the track on the
new bridge.

Static and dynamic loading tests were executed in
November 2024. Heavy steam and diesel locomotives
and a loaded carriage were used for the static loading
test (Fig. 10). The dynamic test followed. All tests have
proven the expected behaviour of the bridge structure.
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The bridge was opened to traffic on Nov. 29, 2024, which
is slightly less than 3 years after the construction started.
The costs were adequate to the expectation of the client,
about 22 mil. EUR.

4. CONCLUSIONS

The construction of the railway arch bridge in Cervena
crossing the Vitava River was a successful project. The
design documentation was prepared by an experienced
design office. The cantilever construction of the arch
was supervised by skilled engineers. Their experience
guaranteed the safety and functionality of the structure
and also the correct geometry after the complex
construction process. The contractor already had
experience with a similar highway bridge with a span of
135 m, which was built earlier.

The team on the site had to face many challenges
given by local conditions, like steep slopes inducing
sophisticated transport of materials and variable quality
of the soil and rock. The arch bridge construction
using free cantilevering and temporary stays required
very close co-operation with the designer. The form
travellers also represented a complex device equipped
with hydraulic systems controlling their movement
to the next position and detailed adjustment of the
geometry. It was necessary to pay a lot of attention to
the concrete technology. Casting of massive foundations
required limitations of the heat of hydration. Casting of
heavily reinforced arch segments with additional anchors
of temporary stays and anchors for the suspension of
form travellers required concrete with an appropriate
workability. Finally, all activities on the site were
completed successfully and on time and the client could
be satisfied with the new bridge. Now the bridge has the
longest concrete arch in Czechia. What happens with the
old bridge will be decided in the future.

5. PARTICIPANTS OF CONSTRUCTION

Railway administration
(Sprava zeleznic),
state organization

DESIGN OF THE BRIDGE: SUDOP PRAHA as.

TG Association Metrostav a.s.
. and Metrostav TBR a.s.

OF CONSTRUCTION:

SCAFFOLDINGS, ROLAND CZ, Ltd.
FORM TRAVELLERS:

VSL Systems CZ, Ltd.

CLIENT:

MATERIAL USAGE

STRUCTURAL Consump- | Consump-
FOUNDATIONS 163 m? 0.081 m?
— ABUTMENTS 25t 12 kg
FOUNDATIONS 1802 m? 0.890 m?
— PIERS 2131t 105 kg
UTHENTS 261m® | 0.129m’
281 14kg
841m’ | 0415m’
2t 45 kg
S 1430 m? 0.706 m?
STEEL B500B 501t 247 kg
1429 m? 0.706 m?
2261 112kg
PRESTRESSING STRANDS
- v186057-15.7- A A 20kg
SPOTREBY MATERIALU
PRVEK /m
" 163m® | 0081 m?
25t 12kg
1802m° | 0,890m?
PILIR 213t 105 kg
261m® | 0129m’
28t 14 kg
841m® | 0415m’
92t 45 kg
o8 1430m* | 0,706 m’
501 ¢ 247 kg
1429m* | 0,706 m?
2261 112kg
PREDPINACI VYZTUZ
- v186057 - 15.7 - A [ A0k

Fig.8 Completed piers
on the arch

Obr.8 Dokoncené pilite
a oblouk

Fig.9 Tower supporting
the formwork (right), light
scaffolding on the arch
(middle)

Obr.9 Véz podporujici
bednéni (vpravo), lehka skruz
na oblouku (uprostred)

Fig. 10 Loading test

of the completed bridge
Obr. 10  Zatézovaci zkouska
hotového mostu
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The D35 motorway in the section Casy-Ostrov runs through flat countryside east of Pardubice. At the location
of Uhersko railway station, the motorway crosses the Prague-Ceska Trebova line at a low elevation and at
a sharp angle. To bridge the six railway tracks, a prestressed concrete bridge with a single superstructure
for both motorway directions was designed. The continuous three-span superstructure was divided into
two parts, which were constructed parallel to the railway line and then rotated in opposite directions into
their final positions, including part of the ancillary structures. The construction method using rotation was
already defined in the building permit design stage in order to minimise the time required for works above
the main railway tracks.

Dalnice D35 v useku Casy-Ostrov prochazi rovinatou krajinou vychodné od Pardubic. V misté zelezni¢ni
stanice Uhersko kFizi dalnice s nizkou niveletou a pod ostrym tihlem koridorovou trat Praha - Ceska Trebova.
Pro pfemosténi Sesti koleji zelezni¢ni trati byl navrzen pfedpjaty betonovy most se spole¢nou nosnou kon-
strukci pro oba sméry dalnice. Spojita nosna konstrukce o tfech polich byla rozdélena na dvé ¢asti, které byly
budovany rovnobézné s Zeleznicni trati a nasledné i s casti prislusenstvi byly protismérné otoceny do defini-
tivni polohy. Zpulsob vystavby otacenim byl zadefinovan jiz v projektovém stupni dokumentace pro stavebni

povoleni tak, aby byl minimalizovan ¢as pro prace nad hlavnimi kolejemi koridoru.
BASIC PROJECT DATA

IEE Concrete prestressed continuous girder
OF CONSTRUCTION P 9

EXER <o 72+ 50 m
worn |ERRA

INVESTOR Reditelstvf silnic a dalnic CR

BRIDGE DESIGNER Link projekt s.r.o.

il H el Xare Il EUROVIA CZ as.

2019-2022

DESCRIPTION OF THE BRIDGE

The bridge crosses the railway at an angle of 34° and spans
it with three spans of 50 + 72 + 50 m. The superstructure
has a constant height of 3.40 m and a width of 26.35 m.

Another part of the longitudinal prestressing consists of
unbonded cables with 25 strands, which are placed in
the main box of the superstructure. In the transverse
direction, the superstructure is prestressed with bonded
cables consisting of 5 strands. The Freyssinet prestressing
and anchoring system was used. For the installation of
the prefabricated struts, threaded bars with a diameter of
40 mm from SAH/SAS SYSTEMS were used.

At both ends, the bridge connects to the motorway
embankment, approximately 10 m high, via shaped
concrete abutments with parallel wing walls. The con-
fined conditions caused by the existing class Ill road
required trimming the corner of the southern abutment
by approximately 4 m and resulted in a significant can-

Fig. 1
Obr. 1

020 | 021

View of the bridge
Celkovy pohled

The cross-section consists of a cast-in-situ central box
girder, prefabricated cantilever struts, and a cast-in-situ
deck slab. The resulting cross-section forms a three-cell
configuration.

The bridge superstructure is longitudinally prestressed
with bonded prestressing cables consisting of 18 strands.

tilevering of the backwall nose.

Both abutments are founded on bored piles with
a diameter of 1.2 m and are supplemented with inclined
ground anchors 30-35 m in length.

The internal piers are massive wall-type concrete elements
equipped with a pair of spherical bearings with a capacity
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ZAKLADNI DATA PROJEKTU naci kabely slozené z 25 lan, které jsou umisténé v hlavni  Fig.2 Longitudinal and cross

komore nosné konstrukce. V pficném sméru je nosna

Spojity nosnik z pfedpjatého betonu

konstrukce mostu predepnuta soudrznymi predpinacimi

I o+ 72+ 50

kabely slozenymi z péti lan. Byl pouzit pfedpinaci a kotevni

267 m

systém fy Freyssinet. Pro montdz prefabrikovanych vzpér

Reditelstvi silnic a délnic CR

byly pouzity zavitové tyce s primérem 40 mm fy SAH/SAS

PROJEKTANT MOSTU Link projekt s.r.o.

SYSTEMS.

EUROVIA CZ as.

2019-2022

POPIS MOSTU

Most kiizi koridorovou trat pod Uhlem 34° a pfemostuje ji
tremi poli s rozpétimi 50 + 72 + 50 m. Nosna konstrukce
ma konstantnf vysku 3,40 m a $itku 26,35 m. Pri¢ny fez je
slozen z monolitické patefni komorové konstrukce, z pre-
fabrikovanych konzolovych vzpér a monolitické hornf des-
ky. Viysledny pricny fez tak tvori tifkomorovy prirez.

Nosné konstrukce mostu je v podélném sméru prede-
pnuta soudrznymi predpinacimi kabely sloZzenymiz 18 lan.
Dalsi ¢ast podélného predpéti tvofi volné vedené predpi-

Most na obou koncich navazuje na cca 10 m vysokeé téleso
dalnice pomoci tvarovanych betonovych opér s rovno-
béznymi kFidly. Stisnéné poméry ze strany stavajici silnice
I1I. tFidy vedly k sefezanf rohu jiznf opéry o cca 4 m a k vy-
znamnému vykonzolovani nosu zavérné zidky. Soucasné
bylo nutné zrealizovat Sikmou opérnou zed z vyztuzené
zeminy o délce 45,5 m a vysce az 10,5 m.

Obé opéry jsou zalozeny na vrtanych pilotdch prdméru
1,2 m a jsou doplnény o sikmé zemni kotvy délky 30-35 m.
Pro eliminaci sedani prechodovych oblasti byly v prosto-
ru za opérami realizovany roznédseci platformy, které byly
sestaveny z pole vrtanych pilot prdmeéru 0,9 m a z rozna-
Secich matraci tl.1,0 m.

sections
Obr.2 Podélny a pficné fezy

Fig.3 Section No.20
Obr.3  Vahadlo 20
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Fig. 4

Obr.4 Schéma vystavby

Fig. 5

Y

Construction diagram

View of the rotated
section No. 20

(photo: EUROVIA CZ ass)
Obr.5 Pohled na otocené

(

vahadlo 20
foto: EUROVIA CZ as.)

BRIDGE ON THE D35 OVER THE UHERSKO RAILWAY STATION

MOST NA D35 PRES ZELEZNICNI STANICI UHERSKO

of 47 MN. A space was created between the bearing
pedestal blocks to install sliding plates for the bridge
superstructure rotation equipment.

CONSTRUCTION

The key part of the bridge construction was the erection
of the superstructure by rotation. The bridge structure was
divided into two cantilevering sections with a length of
86.3 m. In their starting position, the two bridge sections
were built parallel to the railway line at the locations of the
inner piers and were partially equipped with accessories.

The temporary support of each section was provided
at two locations—at the piers and at the turning tracks

in front of the end cross-beams. The front temporary
support on the piers consisted of four pots made of
steel tubes filled with high-strength concrete. These pots
rested on a sliding steel plate with a rotation radius of
1.1 m. The rear temporary support was located at the
turning tracks, whose axis was 45.1 m from the rotation
point on the piers. The rear support consisted of a steel
structure fixed at its top into the bridge superstructure
and sliding at its base on a temporary turning track. The
track consisted of a reinforced-concrete foundation strip
1.3 m high, founded on bored piles with a diameter of
09 m.

The two sections were rotated into their final positions
— by 34.7° (section 10) and by 32.4° (section 20 — using
a hydraulic power unit with a 200-ton capacity cylinder.
The power unit was positioned under the rear temporary
support, with a movement step of 1.0 m. Afterward, both
sections were lifted by 40 mm in their final position, the
spherical bearings on the supports were activated, and
the front and rear temporary supports were removed.
Subsequently, the closing segment and the end parts of
the superstructure were completed.

CONCLUSION

The rotation of each section was carried out over two
nights during railway possession periods in April and May
2022.The superstructure was completed and prestressed
in June 2022. The entire D35 motorway section Casy—
Ostrov was put into operation and officially opened
in December 2022. The construction of a concrete
superstructure by rotation is unique within the Czech
Republic and represented a demanding task for all
parties involved. It was successfully accomplished not
only from a technical standpoint but also fully met the
requirements of the construction schedule.

MATERIAL USAGE (SUPERSTRUCTURE)

L om pes I

3039m’ | 0s6m’
s8m’ | 012m’
163t 355k
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Vnitfni pilite tvoff masivni sténové betonové prvky s dvojici
kalotovych loZisek s Unosnosti 47 MN. Mezi podkladnimi
bloky pod loziska byl vytvofen prostor pro osazeni kluz-
nych plechd pro otdcecf zafizeni nosné konstrukce.

VYSTAVBA

Klicovou ¢asti realizace mostu byla vystavba nosné kon-
strukce otacenim. Konstrukce mostu byla rozdélena na dvé
vahadla délky 86,3 m. Vahadla ve startovaci poloze byla
umisténa rovnobézné se Zelezni¢ni tratf v mistech vnitf-
nich pilifd a byla ¢astecné vybavena pfislusenstvim.

Montézni podepfeni vahadel bylo provedeno na dvou
mistech — v misté pilitd a v misté otacecich drah pred
koncovymi pficniky. Pfedni montazni podepfeni na pili-
rich tvofila ctvefice hrncl vytvorenych z ocelové trubky
s vyplni z vysokopevnostniho betonu. Hrnce byly ulozeny
na kluzné ocelové desce s polomérem otaceni 1,1 m.
Zadni montazni podepreni se nachdzelo v misté otacecich
drah, jejichz osa byla vzdalena 45,1 m od bodu otaceni na
pilifich. Zadni podpéru tvorila ocelova konstrukce, kterd
byla v hlavé vetknuta do nosné konstrukce mostu a v pate
kluzné uloZena na docasnou otaceci drahu. Drahu tvofil
Zelezobetonovy zakladovy pés vysoky 1,3 m zalozeny na
vrtanych pilotdch prmeéru 0,9 m.

Vahadla byla otoc¢ena do své findlnf polohy o 34,7° (vahadlo
10) a 0 32,4° (vahadlo 20) pomoci hydraulické pohonné
jednotky s valcem nosnosti 200 t. Pohonna jednotka byla
umisténa pod zadni montadzni podpéru s krokem pohy-
bu 1,0 m. Po nasledném nadzdvizeni vahadel ve finalni
poloze 0 40 mm byla aktivovana kalotova loZiska na pod-
pérach a odstranéna predni a zadni montazni podeprent.
Nasledné byla dobudovéna uzaviraci lamela a koncové
¢asti nosné konstrukce.

ZAVER

Otoceni kazdého z vahadel probéhlo ve dvou dnech
v nocnich vylukdch v pribéhu dubna a kvétna 2022.
Nosnéa konstrukce byla dobudovéna a predepnuta v cerv-
nu 2022. Cely Usek délnice D35 Casy-Ostrov byl zprovoz-
nén a oficidlné otevien v prosinci 2022. iystavba otacenim
betonové nosné konstrukce je v Ceské republice unikétni
a predstavovala pro vsechny Ucastniky stavby ndrocny

ukol, ktery byl zvlddnut nejen technicky, ale byly dodrzeny
i pozadavky ¢asového harmonogramu vystavby.

SPOTREBA MATERIALU (NOSNA KONSTRUKCE)

[ cem A T

3039m* | 066m’
s48m’ | 012m’
163t 355k

BETONARSKA VYZTUZ 733t 160 kg

Fig.6 Completed bridge
Obr.6 Dokonceny most

Fig.7 South abutment
Obr.7 Jizniopéra

Fig.8 View of the soffit
at the south abutment
Obr.8 Podhled u jizni opéry

Fig.9 Viewinto

the side chamber

Obr.9 Pohled do krajni
komory
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The bridge on the D4 motorway spans the Skalice River, a railway and local roads. The bridge, with a total
length of 404.10 m, carries both directions of the motorway on a single bridge structure consisting of
a spine box girder with very large overhangs. The 29.10 m wide deck, and a variable depth from 2.60 to
4.50 m, consists of a continuous girder of nine spans of lengths from 34.80 to 70.00 m. The bridge deck was
built incrementally, first the spine box girder was cast on stationary scaffolding, then precast struts were
suspended on the box girder, and the overhangs were incrementally cast into movable formwork supported
by these struts. The motorway was built as a PPP project.

Most na dalnici D4 piremostuje feku Skalici, Zeleznici a mistni komunikace. Most celkové délky 404,10 m preva-
di oba sméry délnice na jedné mostni konstrukci, tvoiené patefrovym komorovym nosnikem s velmi vylozeny-
mi konzolami. Mostovku Sitky 29,10 m a proménné vysky od 2,60 az 4,50 m tvofi spojity nosnik o deviti polich
s rozpétimi od 34,80 do 70,00 m. Mostovka byla vytvarela postupné, nejdrive se na pevné skruzi vybetonoval
pateini komorovy nosnik, poté se na nosnik zavésily prefabrikované vzpéry a do pojizdného bednéni pode-
pfeného témito vzpérami se postupné vybetonovaly vnéjsi konzoly. Dalnice byla postavena jako PPP projekt.

Fig. 1

Bridge over
the Skalice River
Most pres feku Skalici

Obr. 1

Fig.2 Elevation
Obr.2  Podélny fez
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INTRODUCTION DESIGN AND CONSTRUCTION

Near the small village of Nerestce the motorway D4
bridges the Skalice River, a railway and several local roads.

The bridge, which carries the motorway in both directions,
forms a continuous girder of nine spans of lengths 34.8 +

The motorway is situated between a local road connecting
two parts of the village (Hornf and Dolni Nerestce) and the
highway 11/604 — see Fig. 1. While the local road crosses the
Skalice river by a beautiful three span Empire arch bridge
built in 1814, the highway crosses the river on a slender
concrete arch bridge. Both bridges represent outstanding
structures of the time where they were constructed. Not
to disturb the views of both bridges, the motorway bridge
crosses the river by a bold 70.00 m long haunch span,
which opens the space above the river.

4x42.5+475+70.0+47.5 + 400 + 34.5 m - see Fig. 2. The
deck with a width of 29.10 m is assembled of a 8.30 m wide
spine girder and 2 x 104 m long overhangs - see Fig. 3.
The approach spans have a constant depth of 2.66 m, the
central three spans have a variable depth from 2.66 to
4.56 m. The width of the bottom slab of 6.5 m is constant
along the whole length.

The bridge deck was built incrementally, first the spine
box girder was cast on stationary scaffolding, then precast

PRAHA STRAKONICE
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I — i T ﬂ [ -
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struts were suspended on the box girder (see Fig. 4), and
the overhangs were incrementally cast into movable
formwork supported by these struts. The spine girder
was cast span-by-span with overhanging cantilevers
in formwork supported by a stationary scaffolding. The
precast struts were erected, and overhangs were cast two
spans beyond the casting spans.

The deck was incrementally prestressed by continuous
internal bonded tendons formed of 2 x 6 x 19-0.6" strands
which were coupled at the construction joints. Above piers
6and 7 four short tendons of 19-0.6"strands were added at
the top slab. When the overhangs were cast, the transverse
tendons formed by 5 0.6" strands situated at a distance of
1.1 m were installed and post-tensioned. Once all spans
were completed, the 2x2 external cables of 31-0.6" strands
situated inside the box and running along the whole
bridge length were installed and post-tensioned. These
cables are deviated at the pier and span diaphragms and
are anchored at the end cross beams. In spans 5 through
7 an additional two external cables of 31-0.6" strands are
added.

The deck is supported by piers formed by two rectangular
columns mutually connected by shear walls. While the
piers 6 and 7 are frame connected with the deck, the piers
5 and 8 are hinge connected with the deck. On abutments
and remaining piers, the deck sits on couples of pot
bearings. All supports are founded on drilled piles.

CONCLUSIONS

The viaduct forms a structurally efficient structure — see
Fig. 5. By using one structure for both motorway directions
allows to design axial piers which minimally impact the
surroundings. It allows opening of the space under the
bridge and to have an undisturbed view on beautiful
neighbouring engineering structures.

29.10

11.75

070, ,
T

6.50

The bridge, which is a part of the motorway D4 section
Skalka-Krasovice, was built as a PPP project from June 2021
through to December 2024. Concessionaire is Via Salis,
Praha, its contractor was DIVia stavebni sro. Praha. The
viaduct was designed by the firm Strasky, Husty a partnefi,
Brno, the bridge was constructed by Eurovia CZ a.s,, Praha.

Fig.3 Cross sections:
(a) mid-span, (b) at pier 6
Obr.3  Pricny fez:

(a) uprostred rozpéti,

(b) u podpéry 6

Fig.4 Suspension of the
struts on the spine girder
Obr.4  Zavésenivzpér

na patefnim nosniku

Fig.5 Bridge over the Skalice
River

Obr.5 Most pres feku Skalici
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D35 MOTORWAY VIADUCT ACROSS THE LITOMYSL
— MORAVSKA TREBOVA HIGHWAY

VIADUKT DALNICE D35 PRES SILNICI LITOMYSL -
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MORAVSKA TREBOVA
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The 429 m long viaduct, which bridges a busy road at an acute angle of 19.270, consists of two parallel
bridges with a maximum span of 62 m. The crossing angle determined the length of the span bridging the
highway and the staggered arrangement of supports. The bridge decks of both bridges are made of single-
cell box girders, which were incrementally launched over obstacles. The economic design of the viaduct was
made possible by its detailed static and dynamic analysis.

Viadukt délky 429 m, ktery v ostrém uhlu 19,270 preklenuje rusnou komunikaci, se sklada ze dvou soubéz-
nych mostti s maximalnim rozpétim 62 m. Uhel kiizeni uréil rozpéti pole premostujiciho silnici a odstupriova-
né usporadani podpér. Mostovky obou mostt jsou tvoreny jednokomorovymi nosniky, které byly postupné
vysouvany pres piekazky. Ekonomicky navrh viaduktu byl umoznén jeho podrobnou statickou a dynamic-

kou analyzou.

INTRODUCTION

The viaduct, which is a part of the recently completed
D35 motorway section Janov-Opatovec, under an angle
of skew crossing of 19,270 bridges the busy highway
I/35 Litomysl — Moravskd Trebovd, a local road and the
Mikulec¢sky Creek — see Fig. 1. The acute angle of crossing
needs a minimum span length of 62 m and staggered pier
arrangement. Heavy highway traffic required construction
technology without any supporting members situated in
the highway — see Fig. 2.

ARCHITECTURAL AND STRUCTURAL DESIGN

The 429 m long viaduct is formed by two parallel bridges
with eight bays. Due to the staggered arrangement of
the piers, the span lengths of the right and left bridges
are different. They are from 43.0 m to 62.0 m — see Fig. 3.
Since the viaduct’s axis is in a plan circle with a radius of
1,450 m and a constant longitudinal slope of 0.75%, it was
possible to utilize technology of incremental launching
for bridge construction.

The prestressed concrete deck of both bridges consists
of 8-span continuous one cell box girders with a width
of 13.80 m and depth of 2.93 m. During construction the
girders were prestressed by straight Tensacciai bonded
tendons of 7, 12 and 19 of 0.6” strands situated in
the top and bottom slabs. The tendons are led over

two segments so that approximately 50% of them were
tensioned and coupled in each construction joint.

When he bridge launching was completed, the girders
were prestressed by external cables formed 19 of 0.6”
strands which are led along the whole bridge length
and are anchored at the end diaphragms. In spans
longer than 60 m additional cables of 19-0.6" strands are
situated. These cables are anchored at span diaphragms
of neighboring spans. All external cables are deviated at
the pier and span diaphragms.

The girders are stiffened by pier diaphragms in which
the manholes were made. To reduce the weight of the
launched structure, and simplify formwork of the top
slab, only the bottom half of their depths were cast in the
yard. When launching was completed, the diaphragm
top parts were cast. The span diaphragms are formed
by bottom blocks stiffened by additionally cast ribs
transferring the cable radial forces into the girder webs.

The bridge decks are supported by spherical bearings.
The fixed bearings are on piers 4, 5 and 6. All other
bearings are longitudinally sliding bearings. The
piers are formed by columns of the rectangle cross
section lightened by vertical ribs, which transfers into
column caps. Due to poor geotechnical conditions
all supports are founded on 15 to 22 m long drilled
piles.
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The viaduct's economical design was made possible
by its detailed static and dynamic analysis. The bridge,
which was analyzed by the MIDAS software system,
was modeled as a 3D structure assembled from beam
elements. A detailed time-dependent analysis of the
gradually erected structure was performed for the
designed and actual construction process. Reinforcement
of important details were checked by a strut and tie
analysis. Function of the viaduct was verified by static
loading tests.
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VIADUCT CONSTRUCTION

The technology of construction was developed by the
contractor. The bridge decks were incrementally launched
in the direction from the abutment 1 to 9, static effects
in the launched girders were reduced by a steel nose
prestressed to the decks. Both bridges were divided into
15 segments of lengths from 24.00 to 32.55 m.

The deck was incrementally cast in a formwork situated
beyond abutment 1. The box girder was cast in two
stages, at first, the bottom slab and webs, then the
top slab. As soon as coupled continuous tendons were
post-tensioned, the whole structure was incrementally
pushed by an Eberspacher AH190 device across the
obstacle. As soon as the girder reached its final position,
the diaphragms were completed and the structure was
prestressed by external cables. At first, the left bridge was
constructed, then the right bridge. Construction of the
viaduct started in November 2023, and was completed
in December 2025.

CONCLUSIONS

The viaduct forms a structurally efficient and architecturally
pleasing structure. The slender deck (the ratio of the deck
depth d =2.93 m to span length L = 62 m is 1/21.20) was
constructed with minimum highway interruptions and
minimum influence on the environment.

The client is Reditelstvi silnic a délnic (Directorate of
Highways and Motorways) s. p., Praha. The viaduct was
designed by the firm Strasky, Husty a partnefi, Brno, the
motorway’s section was built by Spolecnost (Joint Venture)
D35 Janov — Opatovec, the viaduct was constructed by
MI Roads a.s,, Praha.

Fig.2 Launching over the
Litomysl — Moravska Trebova
Highway

Obr.2 Vysouvani nad silnici
Litomysl — Moravska Trebova

Fig.3 Viaduct: (a) elevation
of the left bridge, (b) plan,

(c) elevation of the right bridge
Obr.3  Viadukt: (a)

podélny fez levym mostem,

(b) ptdorys, (c) podélny fez
pravym mostem

Fig.4 Cross section:

(a) at midspan, (b) at piers
Obr.4 Pricny rez:

(a) uprostred rozpéti,

(b) u podpér
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Construction of the new bridge on road 11/268 between the municipalities of Mnichovo Hradisté and
Klaster Hradisté nad Jizerou was carried out between 2023 and 2024. The structure transfers road 11/268 in
a category S9.5/90, spanning the Jizera River floodplain, the main river channel, the Zabrdka stream, and
two field access roads aligned with the original bridge route. This nine-span bridge features a post-tensioned
concrete double-T girder superstructure that transitions into a closed box girder section over the main span.
The bridge thereby spans the Jizera River with a single 60.1 m haunched span. At 312 m total length, it ranks
among the longest bridges under the administration of the Central Bohemian Region.

Realizace nového mostu na silnici 11/268 mezi obcemi Mnichovo Hradisté a Klaster Hradisté nad Jizerou
probihala v letech 2023 az 2024. Prevadi silnici 11/268 v Sitkovém usporadani $9,5/90 pfes inundacni tzemi
feky Jizery, vlastni koryto feky, potok Zabrdka a dvé polni cesty v trase piivodniho mostu. Jedna se o most
o deviti polich s Zelezobetonovou, predpjatou dvoutrdmovou nosnou konstrukci, ktera v nabézich hlavniho
pole pfechazi do uzavieného komorového priifezu. Most tak prekonava reku Jizeru jednim klenutym polem
s rozpétim 60,1 m. Se svoji délkou 312 m se most fadi mezi nejdelsi ve spravé Stredoceského kraje.

The new nine-span bridge follows the original alignment
on road 11/268 in category $9.5/90. It features a continuous
post-tensioned concrete girder with variable cross section
and longitudinal haunch. Compared to the original design,
pier P8 in the Jizera River was removed, creating a single
60.10 m long haunched span over the river. This modification
allows unobstructed use of the river channel beneath the
bridge, eliminating the risk of debris accumulation (such as
logs, branches, or other driftwood) on the upstream face of
the pier, as occurred with the previous structure. Pier P8 in
the Jizera channel was fully demolished down to the existing
riverbed level.

Furthermore, the superstructure, originally divided into
three independent expansion joints separated by bridge
expansion joints, was redesigned and constructed as a single
continuous unit with fixed bearings at the riverbank piers P7
and P9.

STRUCTURAL DESIGN

Aerial view
of the bridge

Fig. 1 BASIC PROJECT DATA

The new bridge utilizes existing pile foundations reinforced

TYPE OF

Obr. 1

Pohled shora

Fig.2 Main span of the
bridge across the Jizera River
Obr.2 Hlavni pole mostu
pres Jizeru
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Continuous post-tensioned concrete girder
with variable cross-section and longitudinal
haunch. Basic double-T girder cross-section
transitions to box girder in spans 6, 7,

and 8 over riverbank piers.

STRUCTURE:

TOTAL LENGTH: 312m

SPAN 29.50 + 30.00 + 2x30.05 + 2x30.00 + 60.10
ARRANGEMENT: +30.00 +29.50 m

1260m

CLIENT: Regional Road Administration and
Maintenance of the Central Bohemian
Region, public organization

GGIIAISEN LN Pragoprojekt, as.

CONTRACTOR: OHLA 7S, as.

CONSTRUCTION 12/2022 - 11/2024
PERIOD:

INTRODUCTION

The original bridge between the municipalities of Mnichovo
Hradisté and Klaster Hradisté nad Jizerou transferred road
1/268 across the Jizera River floodplain, the main channel,
the Zabrdka stream, and two field access roads. Due to
its unsatisfactory structural and technical condition, it was
replaced by a new structure.

with additional bored piles beneath pier foundations. The
bridge abutments incorporate three original 1.8 m diameter
piles, 9.1 m long at OP1, 12.5 m at OP11. For piers P7 and P9
adjacent to the Jizera riverbanks, between which spans the
new 60.10 m span, four 1.2 m diameter piles were added to
the pair of original 1.8 m diameter piles. For piers P2—-P6 and
P10, only two 1.2 m diameter piles were added to the pair of
original 1.8 m diameter piles. Pile lengths range from 80 to
10.0 m, depending on the depth of the load bearing stratum.
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ZAKLADNI DATA PROJEKTU

DI ONSEITE= Spojity nosnik z pfedpjatého betonu

s proménnym pri¢nym fezem a podélnym

nabéhem. Zakladni pficny fez je dvoutrdmovy,

ktery prechazi v polich 6,7 a 8 do

komorového prlifezu nad brehovymi pilifi.

DELKA: 312m

29,50 + 30,00 + 2 X 30,05 + 2 X 30,00 +
60,10 + 30,00 + 29,50 m

12,60 m

Krajskd sprava a udrzba silnic Stfredoceského
kraje, p.o.

Pragoprojekt, a.s.

OHLA 7S, ass.

12/2022-11/2024

uvoD

PGvodni most mezi obcemi Mnichovo Hradisté a Klaster
Hradisté nad Jizerou slouZil pro pfevedenf silnice 11/268
pres inundacnf Uzemi feky Jizery, viastni koryto feky, potok
Zabrdka a dvé polnf cesty a byl z d@vodu nevyhovujiciho
stavebne-technického stavu nahrazen mostem novym.

Novy most o deviti polich byl navrzen v trase plvodniho
mostu na silnici Il/268 v sitkovém usporadani $9,5/90. Jedna
se 0 spojitou konstrukci z predpjatého betonu promén-
ného prafezu a s podélnym nabéhem. Oproti plvodnimu
reseni byl odstranén pilii P8 v koryté Jizery, ¢imz vzniklo nad
rekou jedno spojené klenuté pole s rozpétim 60,10 m. Toto
opatieni umoznilo vyuziti fi¢niho koryta pod mostem v pl-
ném profilu, bez rizika zachyceni kmend nebo vétvi strom(
a dalsich naplavenin na ndvodni strané pilite, jako tomu by-
lo u p&vodniho mostu. Pilif P8 v koryté Jizery byl kompletné
odstranén az na stavajici Urover dna feky. Dale byla nosna
konstrukce navrzena a zrealizovéna jako jeden dilata¢ni
celek s pevnymi body ulozeni na biehovych pilifich P7 a P9,
oproti pdvodnimu ¢lenénf na tfi samostatné dilatacni ¢asti
oddélené mostnimi dilatacnimi zavéry.

KONSTRUKCNI NAVRH

Pro stavbu nového mostu bylo vyuZito stavajici pilotové za-
loZeni, které bylo pod zaklady pilifd posileno o nové vrtané
piloty. Na opérach mostu jsou tak tfi plvodni piloty prime-
ru 1,8 m. Jejich délka je na OP1 9,1 manaOP11 125m.Na
pilitich P7 a P9 piiléhajicich ke brehdm koryta Jizery, mezi
nimiz je nové pole délky 60,10 m, byly ke dvojici pdvodnich
pilot prméru 1,8 m doplnény Ctyfi piloty o prdméru 1,2 m.
Na pilifich P2-P6 a P10 byly ke dvojici plvodnich pilot prd-
méru 1,8 m doplnény jen dvé piloty o prdmérut,2 m. Délky
pilot se pohybuji od 8,0 do 10,0 m v Zavislosti na hloubce
tnosného skalniho podloZ.

CELKOVA SIRKA MOSTU 12.6
VOLNA 8IRKA 9.5

Dvoutrém

4L '{L

Komora

1.97~2.80

1 —
L10] 49
]

| SIRKA NOSNE KONSTRUKCE 12.1 |

d #

Driky opeér jsou masivni s rovnobéznymi kfidly a byly beto-
novany pfimo na odbourané a ocisténé hlavy pilot. Driky
pilifd tvofi dvojice Zelezobetonovych sloupd pddorysne
obdélnikového tvaru rozmérl 1,4 x 12 m, vetknutych do
zakladl a dale do pilot. Beton dfikd pilitd je C30/37 — XF2,
XD3, XC4.

UloZeni nosné konstrukce je provedeno pres kalotovd lo-
Ziska. Pevné body ulozenfi jsou na pilifich P7 a P9. Ostatni

on

Fig.3 Longitudinal section
Obr.3  Podélny fez

Fig.4 Cross section
Obr.4  Pricny fez

Fig.5 Staged construction
of the bridge

Obr.5 Postupnd vystavba
mostu
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Fig.6 Overview of the site
Obr.6 Celkovy pohled
na stavenisté

The abutments are massive with parallel wings cast directly
onto the demolished and cleaned pile heads. The piers
consist of pairs of columns with a rectangular plan measuring
14X 1.2 m, embedded into the foundations and further into
the piles. The concrete class used for piers is C30/37 — XF2,
XD3, XC4.

The superstructure is supported on spherical bearings.
Fixed bearings are at piers P7 and P9. Other bearings are
longitudinally guided with factory-pre-set positions corres-
ponding to their distance from the theoretical fixed point,
anticipated temperatures during the concreting period, and
expected concrete creep and shrinkage.

The superstructure consists of a post-tensioned concrete
double-T girder, transitioning to a closed box girder section in
spans 6, 7, and 8 over the riverbank piers. The double girder
height varies from 1.70 to 1.97 m, while the box girder height
ranges from 1.97 to 2.80 m. Longitudinal post-tensioning
uses continuous bonded 19 strand tendons of @15.7 mm
with strength 1660/1860 MPa.

The total length of the new bridge is 312 m, with span
arrangement 29.50 + 30.00 + 2x30.05 + 2x30.00 + 60.10 +
30.00 + 29.50 m. Multi-gap expansion joints are installed over
the abutments. The overall width including edge beams is
126 m. The clear bridge carriageway width for 1+1 lanes
is 95 m, with a 1.5 m wide public footpath on the right
edge beam. The deck waterproofing system consists of
a full-surface asphalt waterproofing membrane. The bridge
carriageway features a double-layer of asphalt, 100 mm thick.

CONSTRUCTION SEQUENCE

The start of construction was conditional on protection of
hibernating wildlife in the locality. Two winter periods with
adverse climatic conditions thus affected the construction
process. The construction sequence was therefore adapted
to these conditions — from demolition of the existing bridge,
through sequential concreting of the substructure and
superstructure, to the final concrete pour of the connecting
main span over the Jizera River without requiring extreme
actions to ensure quality requirements.

In each individual stage, the abutments and piers of the
substructure were concreted and bearings were installed.
Subsequently, work on the next stage’s substructure began
during formwork preparation, reinforcement tying, and
tendon installation of the superstructure. This overlapping

approach maximized process efficiency and achieved
maximum time savings through staged construction.

Total concrete volume of the bridge superstructure was
2215.73 m®. Concreting was therefore divided into seven
stages — each cast separately in sequence, post-tensioned,
and attached to the previous segment to create a con-
tinuous  structure. Construction stages progressed from
abutment OP1 to pier P7 on the riverbank, then reversed
from abutment OP11 to pier P9 on the opposite bank. The
final stage was the concrete pour between piers P7 and
P9, forming the 60 m river span. Non-integrated reinforced
concrete edge beams were then cast along the entire bridge.

The bridge superstructure was constructed using C35/45
- XF2, XD1, XC4 - Cl 0.10 — Dmax 22 — S$4 concrete, with
requirements for determining the actual static modulus of
elasticity for post-tensioning and its real value after 28 days
for precise static calculations in the project. Given the low
pier heights, the superstructure was cast using falsework.
For the connecting span over the river between piers P7 and
P9, the foundation of the demolished pier P8 in the middle
of the river was utilized to support a temporary structure
of steel girders ZBM 30, which spanned the river in both
directions. At piers P7 and P9, the falsework was hinged on
the already-cast cantilevered segments of the superstructure.

CONCLUSION

Construction in the riverbed required river vessels and
specialized underwater technologies operated by divers.
Despite these challenging conditions, environmental
impact was minimal, and the nearby natural monument
‘Skalni sruby Jizery’ remained completely undisturbed. The
bridge sensitively blends into the landscape; its subtle profile
prevents visual disruption despite the low clearance. The
structure was handed over to the client several weeks ahead
of the contract schedule. Following successful verification of
static assumptions and quality through a static load test on
November 6, 2024, the bridge was ceremonially opened to
traffic in mid-November 2024.

CONSUMPTION OF MATERIALS (SUPERSTRUCTURE)

I per I

CONCRETE C35/40 221573 m? 0.568 m?
11341t 29.1kg
37781t 969 kg
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loZiska jsou podélné posuvnd s prednastavenim z vyro-
by odpovidajicim vzdalenosti od teoretického pevného
bodu, predpokladané teploté v ndvaznosti na obdobi
betondze a predpoklddanému smrsténi a dotvarovani be-
tonu. Nosnou konstrukci tvoff Zelezobetonovy, dodatecné
predepjaty dvoutram, ktery prechazi v polich 6, 7 a 8
do uzavieného komorového prlifezu nad brehovymi pilifi.
Wska dvoutrdmové konstrukce je 1,70-1,97 m a komorové
konstrukce 1,97-2,80 m. K podélnému predpéti jsou pou-
Zity priibézné kabely slozené z 19 lan o prdméru 15,7 mm
a s pevnostl 1660/1860 MPa.. Celkové délka nového mostu
je 312,0 m s rozpétim poli 29,50 + 30,00 + 2 x 30,05 +
2 % 30,004 60,10 + 30,00 + 29,50 m. Nad opérami jsou osa-
zeny vicelamelové mostni zavéry. Celkova $itka mostu vcet-
né fims je 12,6 m. Volna Sitka mostu pro 1 + 1 jizdni pruh
je 9,5 m, vefejny chodnik na fimse vpravo ma $itku 1,5 m.
Izolace mostovky je celoplosnd z asfaltovych izolacnich
pasu. Vozovka na mosté je asfaltové dvouvrstva, tl. 100 mm.

POSTUP VYSTAVBY

Zahdjeni praci bylo podminéno zajisténim ochrany prezi-
mujicich Zivocichd v této lokalité. Do doby realizace ndm
tak vstoupilo hned dvakrat zimni obdobi s nepfiznivymi
klimatickymi podminkami. Postup vystavby tak bylo nutné
prizplsobit stanovenym podminkdm od samotné demo-
lice stdvajiciho mostu, pfes postupné betondze spodni
stavby a nosné konstrukce az po finalni betonaz posledniho
spojujiciho pole nad fekou Jizerou, bez nutnosti extrémnich
opatfent pro zajisténi kvalitativnich pozadavkd.

V kazdé z jednotlivych etap byly vybetonovany opéry a pi-
lite spodni stavby a osazena loziska. Nasledné byly v prabé-
hu pfipravy bednéni, vyvézani betonérské oceli a instalaci
predpinaci vyztuze nosné konstrukce zahdjeny prace na
spodni stavbé dalsi etapy tak, aby se cely proces maximéalné
zkratil a zvolenou etapizaci vystavby se doséhlo maximalni
Casoveé uspory.

Celkovy objem betonu nosné konstrukce mostu byl
2215,73 m?. Bylo tak nutné rozdélit betonaze stavby do
sedmi etap, které byly postupné samostatné betonovany,
nasledné predpindny a zéroven spinany s predchozi etapou
v jednu spoluplisobici konstrukci. Betondze postupovaly
smérem od opéry OP1 k pilifi P7 na brehu feky. Dalsi etapy
probihaly v opa¢ném sméru od opéry OP11 k pilffi P9.
Posledni etapou byla betondz mezi piliti P7 a P9 spojujici
60m pole nad fekou. Na zavér byly na celém mosté vybeto-
novany zelezobetonové fimsy.

Nosna konstrukce mostu byla zhotovena z betonu C 35/45
— XF2, XD1, XC4 — Cl 0,10 — Dmax 22 — S4 s pozadavkem
na stanoveni skutecného statického modulu pruznosti pro
predpindni a po 28 dnech pro pfesny staticky vypocet do
realizacniho projektu stavby. Vzhledem k nizké vysce pili-

rd byla zvolena betondZ nosné konstrukce na prostorové
skruzi. Pouze ve spojujicim poli nad fekou mezi P7 a P9 bylo
vyuzito zakladu ze zruseného pilite P8 uprostied feky pro
podepfeni provizorni konstrukce z inventarnich ocelovych
nosnikd ZBM 30, pomoci které byla pieklenuta feka v obou
smérech. Skruz pak u pilitd P7 a P9 byla zavésena na jiz vy-
betonované, konzolovité vylozené ¢asti nosné konstrukce.
ZAVER

Postup vystavby pfi provadéni praci v prostoru ficniho
koryta si vyzadal nasazenf ficnich plavidel i specidlnich
podvodnich technologii ovladanych potapéci. | pres tyto
slozité podminky byl dopad na okoli stavby minimalnf
a nebyla nikterak dotcena pfirodni pamatka Skalni sruby
Jizery, nachazejicf se v tésné blizkosti stavby. Most byl citlive
zakomponovan do krajiny a diky Stihlosti konstrukce i pfes
malou vysku nepdsobi rusivym dojmem. Dilo bylo predédno
objednateli s nékolikatydennim pfedstihem oproti terminu
ze smlouvy o dilo. Po Uspésném ovérenf statickych pred-
pokladl a kvality, provedenim statické zatézovaci zkousky
dne 6. 11. 2024, byl slavnostné spustén provoz v poloviné
listopadu 2024.

SPOTREBA MATERIALU (NOSNA KONSTRUKCE)

| NA T2

BETON C35/40 2215,73 m? 0,568 m*
11341 ¢ 291 kg

Fig.7 Falsework of the
main span
Obr.7  Skruz hlavniho pole

Fig.8 Completed structure
— left bank

Obr.8 Dokoncend
konstrukce - levy breh

Fig.9 Integration of the
bridge into the landscape
Obr.9 Zac¢lenéni mostu
do krajiny
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BRIDGE OVER THE SAZAVA RIVER ON THE HAVLICKUV BROD BYPASS
MOST PRES SAZAVU NA OBCHVATU HAVLICKOVA BRODU
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The bridge over the Sazava River and two railway lines is located on the newly built southeastern bypass of
Havli¢kv Brod. The bridge structure is 275.2 m long and consists of 8 spans with a typical span of 37 m. It is
a prestressed concrete beam, which is placed on high piers on a pair of bearings. With its simple shapes, the
structure fits elegantly into the landscape. The construction process of the bridge was very specific, with the
7th span being constructed in an elevated position 2 m above the vertical aligment. Subsequently, this span
was lowered to its final position and the subsequent spans were concreted.

Most pres feku Sdzavu a dvé kolejové traté se nachazi na nové vybudovaném jihovychodnim obchvatu
mésta Havlickav Brod. Mostni konstrukce je dlouha 275,2 m a je tvofena osmi poli o typickém rozpéti 37 m.
Jedna se o predepnuty betonovy tram, ktery je ulozen na vysokych pilitich na dvojici loZisek. Konstrukce
svymi jednoduchymi tvary elegantné zapada do krajiny. Postup vystavby mostu byl velmi specificky, kdy
sedmé pole bylo vybetonovano ve zvySené poloze 2 m nad niveletou. Nasledné toto pole bylo spusténo do
definitivni polohy a probéhlo dobetonovani krajniho pole. Poté postupnou betonazi probéhla vystavba az
k opére 1.

FOUNDATIONS

Piers P3 — P6 are founded on piles with a diameter of 0.9 m
and a length of approx. 5.0 m, taking into account the rock
subsoil conditions. The shorter piers P7 and P8 along the
electrified line to Brno are founded on a flat foundation.
The foundation of pier P2 was very complicated, mainly
due to its location. Pier P2 is situated in a very steep slope
between the non-electrified railway line and the Sézava
River. After conducting exploratory work and assessing the
access, technology of a flat foundation in combination with
a deep foundation was chosen. Due to the steep slope of
the rock subsoil, part of the foundation was constructed
as a concrete plug connected to the rock environment by
steel micropiles with 108/16 mm pipe reinforcement.

SUBSTRUCTURE

The piers are octagonal reinforced concrete columns with
an extension at the top for the placement of a pair of
bearings. The column head is formed by flat surfaces that

Fig.1 View  The new bridge on road 1//38 is the first structure of protrude directly from the octagonal shape.The piers reach
of the Comp(‘)egedf”;ilwg the new southeast bypass of Havlickdv Brod and directly —a height of up to 15 m at the inundation area of the Sdzava
r. onle

connects to the urban development. River. The same octagonal shape with a circumference of

na dokonéenou konstrukci ! ;
2.2 m has been chosen for all piers. The reinforced concrete

Fig.2 Longitudinal section
Obr.2 Podélny fez

Fig.3 Plan of the bridge
Obr.3  Pddorys mostu

032 | 033

The bridge, with a total length of 2752 m, crosses the
non-electrified Havlicklv Brod — Pardubice railway line,
the Sézava River, the edge of the Termesivy asphalt plant,
and the main Brno — Havlickdv Brod railway line with three
electrified tracks. The obstacles to be bridged provided
a clear basis for the placement of the supports.

abutments are founded on a flat surface.

SUPERSTRUCTURE

The superstructure is designed as a continuous eight-
span beam, a monolithic structure prestressed in the
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longitudinal direction and acting as reinforced concrete
in the transverse direction. The cross-section is a constant
height of 1.8 m. The cantilevers are 426 m and 434 m
long, and the thickness of the cantilevers at the beam
connection is 800 mm. The total width of the supporting
structure is 14.10 m. The top surface of the superstructure
and the bottom surface of the beam are aligned with the
transverse slope of the roadway, typically 4.6%; from the
end of the fifth span, the surface follows the transition of
the roadway to a right-hand transverse slope of 5.0%.

The construction of the superstructure began at the
second-to-last span, which was above an electrified railway
line. Due to the limited space available in this area, it was
necessary to concrete and prestress the superstructure in
an elevated position +2.0 m. The length of the first phase
was 53.0 m, with a span of 37.0 m.

The bridge span was lowered using hydraulic cylinders,
which were placed on braced columns mounted on
bearing blocks. The weight of the structure being lowered
was 1,600 tons.

Subsequently, the entire structure was lowered into its
final position. Then the outer span 8 was concreted. The
construction of the other spans was carried out using
a standard system on a fixed falsework.

Due to the unconventional construction method for
a simple span to both sides, the arrangement of the
prestressing cables had to be modified.

The prestressing of the lowered span was provided by
straight cables, and only after the adjacent parts had been
concreted was the structure prestressed with elevated
cables. The following stages were prestressed in the
standard way — 50% of the cables in one phase, the
remaining 50% of the cables in the next phase.

The bridge accessories consist of standard bridge
guardrails and railings. Girder grid expansion joints are
located on the abutments. The spatial arrangement of
the expansion joints was particularly complex on the OP1

Marcel NAVOJSKY

VINCI Construction CS a.s.
marcel.navojsky
@vinci-construction.com

abutment, as they had to take into account the large skew
(55 g) supplemented by the spatial movement of the
superstructure due to the plan arrangement in the radius
and the stiffness of the relatively high piers.

As part of a pilot project by the Road and Motorway
Directorate, the bridge is equipped with a comprehensive
system for monitoring the behavior of the structure in
relation to traffic loads. Optical strain sensors supplemented
by conventional string strain gauges are installed in
selected sections. All wiring is routed in protective ducts
in a wide cornice and is led through modified bridge
expansion joints to the enclosed abutment area. A control
box for all electrical equipment is located at the inspection
area of the abutment.

In addition to integrated response monitoring points,
a camera surveillance system for vehicle identification and
speed measurement is located in front of the bridge.

SUMMARY

Despite all the technological challenges, the bridge
structure was created with the aim of safely transferring
traffic over obstacles, but also with the intention of
disturbing the surrounding landscape as little as possible.

Fig.4 Bridge piers
Obr.4 Mostni pilife

Fig.5 Elevated structure

of 7th span before lowering
Obr.5 Zvysena konstrukce
sedmého pole pred spusténim
Fig.6 View

of the completed structure
Obr.6 Pohled

na dokoncenou konstrukci




ARCH OVERPASSES ON SECTION 0311 OF THE D3 MOTORWAY,
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This article presents a pair of reinforced concrete arch overpasses constructed on Section 0311 Trebonin-
Kaplice nadrazi of the D3 motorway. The structures are based on similar structural principles but differ
in the degree of integral action: Bridge No. 209 is designed as a fully integral bridge, while Bridge
No. 212 uses a semi-integral structural system. The article focuses primarily on the structural design
and construction of these concrete bridges, including the overall structural arrangement, foundations,
substructure, and superstructure, as well as essential aspects of the construction process. Emphasis is placed
on the configuration of the load-bearing arch system and the detailing and arrangement of concrete hinges,
which play a key role in the structural behaviour of both bridges.

Prispévek se zabyva dvojici Zelezobetonovych obloukovych nadjezda realizovanych na useku D3 0311
Trebonin-Kaplice nadrazi. Obé konstrukce vychazeji z obdobnych konstrukénich principd, lisi se vsak mi-
rou integralniho usporadani. Mostni objekt ¢. 209 je navrzen jako pIné integrovany most, zatimco mostni
objekt €. 212 je feSen jako semiintegrovany. Clanek je zaméfen predevsim na navrh a realizaci téchto beto-
novych mostu, véetné celkového konstrukéniho usporadani, zaloZeni, spodni stavby a nosné konstrukce,
a na vybrané aspekty technologického postupu vystavby. Zvlastni pozornost je vénovana usporadani
nosného obloukového systému a vrubovych kloubt, které hraji klicovou roli ve statickém pusobeni obou

konstrukci.

Fig.5 Completed Bridge
No. 212 before the opening
for traffic

Obr.5 Dokonceny most

¢. 212 pred uvedenim

do provozu
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The pair of arch overpasses on the D3 Trebonin—
Kaplice Railway Station section were unified in the
implementation documentation stage into nearly
identical structures, differing only in end abutment
arrangement and geometry determined by road
alignment, including longitudinal and transverse slope
and bridge height over the D3 motorway - see Fig. 1-3.
Both bridges are 6.6 m wide, with a clear width of
5.0 m to accommodate local roads over the motorway.
The bridges are designed in a straight alignment with
perpendicular arrangement. The structures consist of
a shallow founded reinforced concrete arch, vertical
piers, deck, and end abutments, described individually
for each bridge in the following sections. Both bridges
include 0.8 m wide reinforced concrete parapet with
safety barriers on both sides and a two-layer pavement
with full-area torch-on asphalt sheet waterproofing.
Drainage is ensured by a combination of transverse and
longitudinal slope, along with seven small stainless-steel
pipes for waterproofing subsurface drainage. Additional

-

bridge drains and longitudinal drainage pipes were not
required according to the hydrotechnical calculation,
which is beneficial for future bridge maintenance.

Integral Bridge No. 209. The total length of this bridge
near the village of Netrebice is 67.55 m, with a constant
longitudinal slope of 4.4 %. The arch span is 42.0 m with
a rise of 552 m (L / 7.6). The span arrangement of the
deck is 5.8 + 6.4 + 7.2 + 15.7 (connection with arch) +
84 + 82+ 93 m. Itis a fully integral structure without
bearings or expansion joints — see Fig. 4. The arch is
shallow founded on 6.6 m wide reinforced concrete
blocks, with an inclined foundation interface embedded
into gneiss bedrock with varying degrees of weathering.
The abutments are founded on a single row of piles with
a narrowed shaft allowing expansion movement of the
bridge ends without excessive pile stress. The piles are
embedded on the length of 1.0 m into bedrock, while the
remaining 4.5 m of shaft was reduced using 90 mm thick
polystyrene lost formwork inserted into the borehole
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Dvojice obloukovych nadjezdl na Useku dalnice D3
Trebonin-Kaplice nadrazi byla v rdmci realiza¢ni doku-
mentace sjednocena na tvarove témér shodné konstruk-
ce, které se lisi konstrukenim usporddanim opér a geome-
trif danou silni¢nim feSenim, jako je podélny a pricny sklon
a vyska mostu nad délnici D3 — viz Obr. 1-3. Sitka mostd
je shodné 6,6 m a volnd sitka 50 m zajiStuje prevedenti
polnich cest pfes dalnici. Mosty jsou navrzeny smeérove
v pfimém sméru s kolmym uspofadanim. Konstrukce tvorf
Zelezobetonovy, plosné zalozeny oblouk, svislé stojky, mo-
stovka a krajni opéry, jejichz feSeni bude popsano u jed-
notlivych mostl v nésledujicich podkapitoldch. Soucasti
obou mostd jsou zelezobetonové fimsy Sitky 0,8 m se
zébradelnim svodidlem po obou strandch a dvouvrstva
vozovka s celoplosnou izolaci z asfaltovych past na pe-
Cetici vrstvé. Odvodnéni je zajisténo kombinaci pri¢ného

Gone®

LENGTH OF BRIDGE = 64510

a podélného sklonu spolecné se sedmi trubickami pro
odvodnéni izolace. Mostni odvodhovace a podélny svod
odvodnéni dle hydrotechnického vypoctu nebyly vyzado-
vany, coZ je vhodné opatfen( pro budouci spravu a tdrzbu
mostu.

Integrovany most ¢ 209. Celkovd délka mostu pobliz
obce Netfebice je 67,55 m a podélny sklon je konstantni
4,4 %. Rozpéti oblouku ¢ini 42,0 m pfi vzepéti 552 m
(L / 7,6). Rozpéti jednotlivych poli mostovky je 58 +
64+ 72+ 15,7 (spojeni s obloukem) + 84 + 82 + 9,3 m.
Jednd se o zcela integrovanou konstrukci bez mostnich
loZisek a zaverl — viz Obr. 4. Oblouk je zaloZen plo$né na
masivnich Zelezobetonovych blocich $itky 6,6 m s naklo-
nénou zékladovou sparou ulozenou do skalniho podloZi
tvofeného rulami rdzné miry zvétrani. Opéry spocivaji na
fadé pilot se zuzenym dikem, coz umozniuje dilatacni

SKRIDLA

Fig.1  Longitudinal section
of Bridge No. 209
Obr.1  Podélny fez mostu
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Fig.4 Completed Bridge
No. 209 before opening

to traffic

Obr.4  Dokonceny most
¢. 209 pred uvedenim

do provozu
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ARCH OVERPASSES ON SECTION 0311 OF THE D3 MOTORWAY, TREBONIN-KAPLICE-NADRAZI

OBLOUKOVE NADJEZDY NA USEKU D3 0311 TREBONIN-KAPLICE-NADRAZI

together with reinforcement. Due to the pressure of
fresh concrete, the polystyrene was reinforced with steel
straps. The 110 mm void between the polystyrene and
the temporary casing was filled with hand-placed loose
sand.

The substructure also includes a pair of outer
piers embedded into the arch foundations. The pier
cross-section is rectangular, 2.0 x 04 m. At the deck
connection, concrete hinges were designed to reduce
horizontal stiffness. The area of the joint was minimized
due to low normal loads and designed as a pair of
ligaments (0.5 x 0.1 m) separated by a polystyrene-filled
gap. The superstructure consists of a two-hinged arch
with concrete hinges at the abutments. The arch cross-
section is a constant rectangle with dimensions 0.7 X
24 m. After evaluating several alternatives for the arch
axis geometry, a circular shape with a radius of 42.67 m
was chosen, as the differences in internal forces were
negligible with respect to maintaining the clearance
profile. The inner piers with a 0.4 X 2.0 m cross-section,
are designed with concrete hinges at both ends. The
deck is a reinforced concrete beam 0.6 m high and 2.4 m
wide with 1.85 m cantilevers. Total deck width is 6.1 m.
All structural components are made of C40/50 concrete.

Semi-integral Bridge No. 212. The bridge is located near
Dolni Trebonin village at the beginning of section D3
0311. Its total length is 64.51 m, and the arch span is
42.25 m with arise of 4.3 m (L/ 9.8). The longitudinal slope
is constant at 2.5 %. The bridge deck is divided into spans
of 7.5+7.0+ 7.0+ 1841+ 6.5+ 6.5 + 6.0 m.The structure
is designed as semi-integral, with bearings at the end
abutments and no expansion joints — see Fig. 5. The arch
foundation is also shallow founded on massive reinforced
concrete blocks. At Pier No. 40, the subgrade predicted by
the engineering-geological survey was not encountered,
and considering the required bearing capacity, it was
necessary to rehabilitate the subgrade by removing
the weathered rock. This space was subsequently filled

- ——

with a concrete plug. Unlike Bridge No. 209, the end
abutments could not be founded on narrowed shaft
piles due to higher hard rock levels which would be
unexcavatable. Therefore, a semi-integral abutment was
chosen, consisting of an end crossbeam supporting
wing walls, retaining walls, and transition slab, resting
on two elastomeric bearings on a shallow founded
abutment.

The arch cross-section is identical at 0.7 x 24 m.
However, the arch axis geometry was adjusted due to
the significantly lower bridge height. The shape consists
of multiple radii: 58.5 m in the mid span, reducing to
33.0 m beyond the inner hinged piers. This configuration
increases the rise and reduces internal forces in critical
sections while maintaining the clearance profile for the
motorway- see Fig. 6. Both inner and outer piers have
a rectangular 04 x 2.0 m cross-section with the same
concrete hinge arrangement as Bridge No. 209. The
deck cross-section is identical, differing only by a larger
transverse slope of 3.0 %.

The superstructure was cast in three stages on stationary
falsework — see Fig 7. Construction started in March
2023 and reached completion in December 2024. The
bridge behaviour was assessed by static load tests,
demonstrating compliance with the design assumptions
and the quality of execution. Since December 2024,
the bridges have been open to traffic and have been
operating without any difficulties.

MATERIAL USAGE
(BRIDGE NO. 209 - ARCH, BRIDGE DECK,
INNER PIERS)

| ow per I

CONCRETE C40/50 2259 m?3 0.599 m?
1001 kg
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pohyb koncl mostu bez nadmérného namahéni pilot.
Piloty jsou vetknuty do skalniho podlozZi v délce 1,0 m,
zatimco zbyvajicich 4,5 m dfiku je ziZeno pomoci poly-
styrenového ztraceného bednénf vioZzeného do vrtu spo-
lecné s armokosem. Kvali tlaku cerstvého betonu musel
byt polystyren ztuzen ocelovymi pasky.

Spodni stavbu dale tvoii dvojice vnéjsich stojek vetknu-
tych do zékladl oblouku. Prdfez stojek je obdélnik o roz-
mérech 2,0 x 0,4 m. U napojeni na mostovku byly pro sni-
Zen{ vodorovné tuhosti navrzeny vrubové klouby. Plocha
vrubového kloubu je s ohledem na malé pritizeni reduko-
vana a kloub je navrzen jako ¢lenény z dvojice krckd o roz-
mérech 0,5 X 0,1 m s mezerou vyplnénou polystyrenem.
Nosnou konstrukci tvoff dvoukloubovy oblouk s vrubovy-
mi klouby v patach. Jeho priifez je konstantnf obdéInikovy
o rozmerech 0,7 X 24 m. Po posouzeni nékolika variant
tvaru stfednice byl zvolen tvar kruznice s polomérem
42,67 m, nebot rozdily vnitinich sil byly s ohledem na
dodrzenf prijezdného profilu zanedbatelné. Vnitfni stojky
o prdfezu 0,4 X 2,0 m jsou navrzeny jako kyvné s vrubovy-
mi klouby na obou koncich. Mostovka je tvorena Zelezo-
betonovym trdmem vysky 0,6 m, $itky 2,4 m s konzolami
délky 1,85 m. Celkova sitka mostovky ¢ini 6,1 m. Veskeré
¢asti nosné konstrukce jsou z betonu C40/50.

Semiintegrovany most ¢. 212. Most se nachazi u obce
Dolni Tfebonin na zac¢atku Useku D3 0311. Délka mostu
je 64,51 m a rozpéti oblouku je 42,25 m pfi vzepéti 4,3 m
(L/9,8) Podélny sklon je konstantn{ 2,5 %. Mostovka je roz-
délena na jednotliva pole o rozpéti 7,5 + 7,0 + 7,0 + 18,41
(spojeni s obloukem) + 6,5 + 6,5 + 6,0 m. Konstrukce je
navrzena jako semiintegrovana s lozisky na krajnich opé-
rach bez mostnich zaveér( — viz Obr. 5. ZaloZeni oblouku
je taktéZ plosné pomoci masivnich Zelezobetonovych
z&kladd. U pilite ¢. 40 musela byt v tomto pfipadé s ohle-
dem na nezastizeni predpokladanych hornin v zklado-
vé spafe provedena nahrada zvétralé horniny plombou
z prostého betonu. Hlavnim rozdilem oproti mostu ¢. 209
je feSeni krajnich opér, které s ohledem na vys3si Uroven
skalniho podlozi nemohly byt zalozeny na vrtanych pi-
lotdch se zUzenym dfikem. Proto bylo zvoleno semiin-
tegrované zakonceni mostu, které tvori koncovy pricnik,
nesouci kridla, plentovaci zidky a prechodovd deska.
Tento koncovy pri¢nik je na nizké, plosné zalozené opére
uloZen na dvojici elastomerovych lozZisek.

Prarez oblouku je shodné 0,7 x 2,4 m, avsak stfednice
byla v tomto pfipadé s ohledem na vyrazné nizsi vysku
mostu upravena. Stfednice oblouku ma tvar kruznice slo-
Zené z vice polomérd — ve stfedni ¢asti je polomér 58,5 m
a za kyvnymi stojkami se zmen3uje na 33,0 m. Toto fesenf
umoznuje zvysit vzepéti a snizit vnitini sily v rozhoduji-
cich prirezech pfi zachovanf dostate¢ného prdjezdného
profilu — viz Obr. 6. Vnitini i vnéjsi stojky maji obdélnikovy
prifez 0,4 x 2,0 m a maji shodné uspofadani vrubovych
kloubl jako most SO 209. Mostovka je taktéz konstrukéné
totozna, lisi se pouze vétsim pricnym sklonem 3,0 %.

Nosnd konstrukce byla betonovédna ve tfech fazich na
pevné prostorové skruzi — viz Obr. 7. Viystavba byla zaha-
jena v bfeznu roku 2023 s dokoncenim v prosinci roku
2024. Chovéani mostu bylo ovéreno statickou zatézovaci
zkouskou, kterd prokdzala shodu s predpoklady navrhu
a kvalitu provedeni. Od prosince roku 2024 jsou mosty
uvedeny do provozu a dosud se nevyskytly zadné pro-
vozni problémy.

SPOTREBA MATERIALU
(MOST €. 209 - OBLOUK, MOSTOVKA,
VNITRNi STOJKY)

| e A I

BETON C40/50 2259 m?3 0,599 m?
BETONARSKA VYZTUZ

37,7t 100,1 kg

Fig.6  Detail of the arch
load-bearing structure

of Bridge No. 212

Obr.6  Detail obloukové
nosné konstrukce mostu
¢.212

Fig.7  Bridge No. 209 during
construction of the arch
Obr.7  Most ¢. 209 béhem
betonaze oblouku
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Fig. 1
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ECODUCT OVER THE D5509 NEAR BZENEC
EKODUKT PRES D5509 U BZENCE
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The D5509 motorway passes through pine forests near the South Moravian town of Bzenec. In the flat
landscape, it became necessary to build an ecoduct to allow wildlife to cross and to carry a forest road over
the motorway, with a minimum overfill height of 2.1 m. A two-span reinforced-concrete frame structure
with a broken shape was chosen for the motorway overpass. In the portal sections, the structure is designed
so that no wing walls or retaining walls are needed to support the embankment. The result is a prototype
ecoduct with a flat structure that does not require significant horizontal forces to be transferred into the
subsoil. The design keeps the surface of the embankment at the lowest possible height, blending it naturally
into the surrounding landscape.

Dalnice D5509 prochazi borovicovymi lesy v okoli jihomoravského mésta Bzenec. V rovinaté krajiné vznikla
potieba vybudovat ekodukt pro prechod zvére a prevedeni lesni cesty pres dalnici, a to s nadnasypem o mi-
nimalni vysce 2,1 m. Pro premosténi dalnice byla zvolena dvoupolova zelezobetonova ramova konstrukce
s lomenym tvarem. V portalovych ¢astech je konstrukce navrzena tak, aby nebylo nutné dopliovat kfidla ci
opérné zdi pro zachyceni nadnasypu. Byl tak vytvoren prototyp ekoduktu s plochou konstrukci a bez narok

vysce a navazuje na okolni krajinu.
BASIC PROJECT DATA From the outset, the concept of a flat frame structure was
considered — one that would not necessitate an increase
in the biocorridor’s crest height, especially given the flat
landscape and the imperative to minimise the footprint on
woodland. The aim was to find a structural type that would
not require the transfer of significant horizontal forces into
the subsoil, which consists of Quaternary aeolian sands
approximately 10 m thick, underlain by Neogene sandy
clays.

Reinforced concrete frame
19419m

540-672m

Reditelstvf silnic a dalnic CR

TYPE OF CONSTRUCTION

INVESTOR

BRIDGE DESIGNER
BRIDGE CONTRACTOR
CONSTRUCTION TIME

Link projekt s.r.o.
SKANSKA as.
2023-2024

DESCRIPTION OF THE BRIDGE

A location within a local biocorridor at the edge of the
forest northeast of the town of Bzenec was selected for
a wildlife crossing over the motorway. The biocorridor
was defined as having a width of 40 metres at the crest
and 80 metres at the base of the embankment. Ecologists
required a minimum overfill height of 2.1 m to allow
for vegetation planting. Outside the ecoduct itself, the
embankment of the biocorridor was designed with a slope
of 25% and supplemented with a relocated forest road
connecting the divided pine woodland.

The final design of the ecoduct is a reinforced concrete
frame cast in place, consisting of a kinked slab with two
spans of 19.0 m each. The angled sections at the edges of
the structure ensure that it meets the motorway clearance
requirements while reducing stresses in the horizontal
part. The cross-section comprises a 0.6-metre-thick slab,
strengthened above the central support and in the angled
sections by a haunch that increases its depth to 0.9 metres.

The width of the superstructure ranges from 54.0 metres at
the top to 67.2 metres at the base. The structure is divided
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ZAKLADNI DATA PROJEKTU

Zelezobetonova ramova konstrukce
194+19m

540-67,2m

Reditelstvi silnic a dalnic CR

Link projekt s.r.o.

SKANSKA as.

2023-2024

TYP KONSTRUKCE

ROZPETI

INVESTOR
PROJEKTANT MOSTU

ZHOTOVITEL MOSTU
DOBA VYSTAVBY

POPIS MOSTU

Na okraji lesa severovychodné od mésta Bzenec bylo
v ramci lokéIniho biokoridoru vybrano misto pro prechod
zvéfe pres dalnici. Prostor biokoridoru byl definovan vol-
nou $ftkou 40 m v koruné a 80 m v paté nasypu. Pro osdze-
ni zeleni bylo dle poZadavk{ ekologli nutné pocitat s nad-
nasypem minimalné 2,1 m nad vodorovnou ¢asti nosné
konstrukce. Téleso nésypu biokoridoru bylo mimo vlastni
ekodukt navrzeno se sklonem 25 % a doplnéno o prelozku
lesnf cesty, kterd propojila rozdéleny borovicovy les.

Od pocétku se uvazovalo s koncepci ploché ramové
konstrukce, kterd nebude vyzadovat zvyseni vrcholu bio-
koridoru, a to zejména s ohledem na rovinaty charakter
krajiny a potfebu minimalizovat zébor lesnich pozemka.
Hledal se typ konstrukce bez nérokl na preneseni vétsich
vodorovnych sil do podzakladi, které je v celé lokalité
tvofeno kvartérnimi eolickymi pisky mocnosti cca. 10 m
s podlozim z neogennich piscitych hlin.

Finalni ndvrh ekoduktu predstavuje Zelezobetonovy mo-
noliticky rdm se zalomenou horni pricli o dvou polich
s rozpétimi 2 X 19,0 m. Zalomené ¢asti tvaruji konstrukci
v jejich krajich tak, aby respektovaly prijezdny profil dalni-
ce a zaroven redukovaly naméhani vodorovné casti. Pricny
rez tvoif deska vysky 0,6 m, kterd se nad vnitini podpérou
i v zalomenych ¢astech zesiluje ndbéhem do vysky 0,9 m.

Sitka nosné konstrukce se méni od 54,0 m ve vrcholu az po
67,2 m v paté. V pficném smeéru je konstrukce rozdélena
dilata¢nimi sparami do péti dilatacnich celkd. Vnitini tfi

Fig.2 Longitudinal section

Obr.2 Podélny fez

Fig.3 View from
the nottheast
Obr.3  Pohled
ze severovychodu
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Fig.4 Bird's-eye view
Obr.4 Pohled z ptaci
perspektivy

Fig.5 Superstructure
Obr.5 Nosna konstrukce
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transversely into five expansion units. The three central
units are 10.8 m wide.

In the portal areas, the superstructure is shaped so that
the cornices follow the 1:2 embankment slope along their
entire length. The angled footings with walls support the
appended parts of the structure. This angular geometry
follows the spatial inclination of the structure’s edge. This
configuration creates a unified structural geometry, elimi-
nating the need for additional wall or wing structures to
support the embankment. The entire ecoduct structure is
compact and monoalithic, free from concrete hinges and
bearings.

The motorway beneath the ecoduct has a transverse
crossfall of 2.5%. The slope of the ,horizontal frame part
was adjusted accordingly and set at 3.0%.

The central frame pier comprises ten trapezoidal shafts,
each with a thickness of 0.6 m and a width ranging from
1.7 to 2.7 m. All three supports are founded on a single row
of bored piles, each with a diameter of 1.2 m.

CONSTRUCTION

Before construction began, consolidation embankments
were placed in the area of the ecoduct to prevent

excessive settlement during and after completion of
the bridge. The consolidation process was monitored at
two profiles equipped with horizontal inclinometers as
part of the project’s geotechnical monitoring. Once the
embankments had been excavated and the deformations
had stabilised, piling works commenced.

The superstructure was cast in situ on fixed formwork.
Backfilling and compaction of the structure were carried
out under enhanced supervision in a symmetrical
arrangement and under geodetic control.

The superstructure was completed in October 2023, and
the entire motorway section opened to traffic in a half
profile in December 2024. The full profile was subsequently
put into operation in July 2025.

CONCLUSION

A prototype motorway ecoduct featuring a flat structural
form that does not require the transfer of significant
horizontal forces into the subsoil was constructed near
the town of Bzenec. Despite the substantial height of the
overfill, a slender, compact reinforced concrete structure
could be designed that maintains the embankment
surface at the lowest possible elevation, blending naturally
into the surrounding landscape.
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dilata¢ni celky majf Sitku 10,8 m. Krajnf portalové celky maji
ve vrcholu sitku 10,8 m s rozsitenim k patam.

V portalovych ¢astech je nosnd konstrukce vytvarovana
tak, aby po celé délce fims respektovala tvar nadnésypu se
sklonem 1: 2. Z&klady se sténami jsou v této ¢asti zalome-
né a vynaseji apendixy nosné konstrukce. Zalomeni sledu-
je prostorovy sklon lemu nosné konstrukce. Timto prosto-
rovym vzorcem tak vznikd celistvd geometrie konstrukce
bez potfeby dodatecnych oddilatovanych stén nebo kfidel
pro zachyceni nadnésypu. Celd konstrukce ekoduktu je
kompaktni, monolitickd, bez vrubovych kloubt a loZisek.

Délnice je pod ekoduktem vedena v pficném jednostran-
ném sklonu 2,5 %. Tomu byl pfizptsoben i sklon ,vodo-
rovné” ramové casti a zvolen s ohledem na odtok pod-
povrchové vody jednostranné 3,0 %. V podélném sméru
délnice je nosna rdmova konstrukce vodorovnd.

Stfedové rdmova stojka je ¢lenénd. Je tvofena deseti dfiky
lichobéznikového tvaru o tloustce 0,6 m a sifce 1,7-2,7 m.
VSechny tfi podpéry jsou zalozeny vzdy na jedné fadé vrta-
nych pilot o prdmeéru 1 200 mm.

VYSTAVBA

Pred zahdjenim vystavby byly v prostoru ekoduktu prove-
deny konsolida¢ni nésypy, jejichZ cilem bylo eliminovat

nadmérna sedani béhem a po dokonceni stavby mostu.
Vliv konsolidace byl sledovan na dvou profilech s instalo-
vanymi horizontalnimi inklinometry a prlibézné vyhod-
nocovan v ramci geotechnického monitoringu stavby.
Po ustaleni deformaci byly konsolida¢ni nésypy odtézeny
a nasledné byly zahdjeny prace na vrtani pilot.

Nosna konstrukce byla betonovéna na pevné skruzi po-
stupné po jednotlivych dilatacnich celcich. Zasyp kon-
strukce a jeho hutnéni probihaly za zvyseného dozory,
v symetrickém usporadéani a pod geodetickou kontrolou.

Nosna konstrukce byla dokoncena v fijnu 2023 a cely Usek
dalnice byl uveden do provozu v polovi¢nim profilu v pro-
sinci 2024. Plny profil byl nésledné zprovoznén v cervenci
2025.

ZAVER

U mésta Bzenec byl zrealizovén prototyp dalni¢niho eko-
duktu s plochou konstrukci a bez ndrokd na preneseni
vetsich vodorovnych sil do podzakladi. | pfi vysokém
nadndsypu se podafilo navrhnout subtilni a kompakt-
ni Zelezobetonovou konstrukci, kterd drzi povrch nad-
nasypu v nejnizsi mozné vysce a navazuje na okolni
krajinu.

Fig.6 Completed bridge
Obr.6 Dokonceny most

Fig.7 Portal section
Obr.7 Portélova cast
Fig.8 Inside view
Obr.8 Vnitini pohled
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VIADUCT KRIVAN-MYTNA ON THE EXPRESSWAY R2, SLOVAKIA
VIADUKT KRIVAN-MYTNA NA RYCHLOSTNi KOMUNIKACI R2 NA SLOVENSKU

Fig. 1 Bridge in the treetops
- Viaduct Krivan-Mytna
Obr.1  Most v korunach

strom0 - Viadukt

Krivan-Mytna

Fig.2 Viaduct structure
Obr.2  Konstrukce viaduktu

Fig.3 Progressive
construction of the deck
Obr.3  Postupnd vystavba
mostovky
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The viaduct of a total length of 4.36 km is situated in an environmentally sensitive mountainous landscape
between the towns of Krivan and Mytna. It runs along the slopes of the beautiful valley of the Krivansky
creek, which it crosses several times. The viaduct carries both directions of the 24.5 m wide R2 expressway
on a single 27.50 wide bridge structure. The span lengths are from 60 to 150 m, the height of the piers is up
to 35 m. Although the viaduct was built using three different technologies, it has a uniform architectural and
structural solution along its entire length. The viaduct, which forms a semi-integral structural system, was
built as a Design & Build project.

Viadukt celkové délky 4,36 km je situovan v environmentalné citlivé horské krajiné mezi mésty Krivan
a Mytna. Je veden na svazich krasného udoli Krivanského potoka, ktery nékolikrat kfizi. Viadukt pfevadi oba
sméry 24,5 m Siroké rychlostni silnice R2 na jedné mostni konstrukci Siroké 27,50 m. Rozpéti poli je od 60 do
150 m, vyska podpér je az 35 m. Ackoliv viadukt byl stavén tremi rozdilnymi technologiemi, ma po celé délce
jednotné architektonické a konstruk¢ni feseni. Viadukt, ktery tvori semi-integralni konstrukéni systém, byl
postaven jako projekt Design & Build.

S S,

DEVELOPMENT OF THE STRUCTURAL TYPE highway, is from 70 to 150 m. It was evident that
the viaduct's side parts can be cast in a movable
scaffolding or can be incrementally launched, while
the central part requires balanced cantilever construc-

tion.

While at both ends the viaduct is led on the mountain
slopes, the central portion crosses the existing
highway and creek several times — see Fig. 1. That is
why the span lengths of the viaduct’s side parts are
from 60 to 70 m, while the span lengths of middle
part, due to the skew crossings of the creek and the

From the beginning of the design, it was obvious that
the one structure formed by a spine box girder with
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large overhangs supported by narrow piers represents
an optimum solution — see Fig. 2. This structure requires
minimum excavation at the steep slopes and creates
a clear and clean pier order, minimally disturbing the
beautiful countryside. However, the designer had to
prove that in the case of repair of one carriageway, all
traffic can be transferred to the another one. Along
the whole viaduct length, the width of the box girder’s
bottom slab is 6.50 m.

To reduce the weight of the construction equipment, it
was decided to construct the bridge deck incrementally.

BRIDGE 209-01

|8 x 70 =560 1 |

DC1L=680m

1 50 | 105 | 120 | 150 | 120 | 105 | 50 | 1 50 | | 6X50:3004‘—>‘<5—04
! DC3L=700m L DC3L =400 m——=1
e S| I I
S0, w00 w00 om0 oM 100 70 80, o 50
1 DC4L=695m | 1 DC4L =400 m——=1
At first, the spine box girder was cast and longitudinally @ (b)

prestressed, then precast struts were suspended on the
spine girder, and the deck slab was progressively cast in
simple formworks supported by these struts — see Fig. 3.
The 2.50 m wide struts have a slab section stiffened by
ribs at their edges. The ribs are situated outside; the inner
surface is smooth. This not only simplifies production

Fig.4 Spine girder & precast
struts

Obr.4 Pétefni nosnik

a prefabrikované vzpéry

Fig.5. Suspension
of the precast struts
Obr.5 Zavéseni
prefabrikovanych vzpér

Fig.6 Suspension

of the precast struts
Obr.6 Zavésenf
prefabrikovanych vzpér

Fig.7 Bridges” elevations
Obr.7 Podélné fezy mostl

Fig.8 Expansion joints:
(a) typical, (b) at mid-span
Obr.8 Dilata¢nf spary:

(a) typicka, (b) uprostred

rozpéti

|
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Fig.9 Typical expansion joint
Obr.9 Typicka dilata¢ni spara
Fig. 10 Expansion joint

at mid-span

Obr.10 Dilata¢ni spara
uprostied rozpéti

Fig. 11 Expansion beams:
(a) erection, (b) service
Obr. 11 Dilata¢ni nosnik:
(a) montaz, (b) provoz

VIADUCT KRIVAN-MYTNA ON THE EXPRESSWAY R2, SLOVAKIA

VIADUKT KRIVAN-MYTNA NA RYCHLOSTNi KOMUNIKACI R2 NA SLOVENSKU

but also increases the safety of workers moving on their
smooth surface. In addition, this solution contributes
to increasing the aesthetic effect of the viaduct. The
combination of the smooth surface of the piers and the
girder’s bottom slab with the statically necessary ribbing
of the outer struts creates a play of shadows that lightens
the structure — see Fig. 4. The struts were placed on short
corbels of the spine girder; their position was secured
by two prestressing rods anchored in the top slab — see
Figs. 5 and 6.

5.80 2.00

10.50
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After casting and transverse prestressing of the deck
slab, the space between the struts and the girder’s webs
was filled with a waterproof material — see Fig. 6d. This
corresponds to the different static action of the struts
during construction and service. During construction,
the struts are hinge supported, while during service the
struts are fixed into the box girder.

To simplify structural details and eliminate bearings, the
structure was designed as an integral structure. Since
piers formed by twin slender walls guarantee the stability
of the cantilever structures during construction and at
the same time allow large longitudinal movement of
the completed multi-span structure, they were used not
only for cantilever structures, but also for the viaduct's
side parts. Here the twin walls support an advance
constructed pier tables supporting the front legs of the
overhead movable scaffoldings.

Administratively, the viaduct is divided into two bridges
marked Bridge 209-01 and Bridge 209-02 — Fig. 7. The first
bridge consists of four expansion units DC1 to DC4 with
lengths from 680 to 700 m. The second bridge consists of
four expansion units DC1 to DC4 with lengths of 400 m
each. The piers situated in the middle of the expansion
units are framed connected with the deck and footings,
distant piers are —according to position and height of the
piers — hinge or frame connected with the spine girder
and footings. The hinges at footing were immobilized
during the deck’s construction.

The foundation of the bridge structure reflects the
very different geological conditions along the length
of the route, where high-quality bedrock alternates
with lower-quality bedrock. For the foundation of the
viaduct mostly micro-piles were designed, however,
some supports are also founded on large-diameter piles
or on spread footings. Also, jet grouting improves the
poor-quality bedrock of two piers situated close to the
creek.

Apart from the expansion joints between cantilevered
and launched bridges, all other expansion joints are
situated in the gap between the units’ end diaphragms
supported by slender walls — see Fig. 8a and 9.

The expansion joints of the cantilever structures are
situated at midspans of the shortest spans — see Fig. 8b
and 10. Deformations of the adjacent cantilevers are
reduced by steel beams inserted into the spine box. The

CROSS SECTION
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beams are fixed into the midspan diaphragm of one
cantilever and inserted into the box’s cell of the adjacent
cantilever where the beams are supported by neoprene
bearings placed on the span diaphragms — see Fig. 11.
The time-dependent analysis has proved that the mid-
span deformations of these expansion spans are one
half of the deformations of the structures with mid-span
hinges.

CANTILEVER BRIDGES

Cantilever bridges of a total length of 2,080 m (see
Figs. 12 and 13) were progressively cast in balanced
cantilevers. The depth of the girder in the middle of all
spans is 3.50 m. The depth of the girder at the supports
is 6.50 m for spans up to 110.00 m, for larger spans the
girder's depth is 9.00 m. The haunch has the shape of
the second-degree parabola. The length of the pier table
was 12.5 m, the length of the segments was from 2.50 to
5.00 m, the length of the closure was 2.50 m.

The deck is prestressed by four cable systems. During
the cantilever construction cantilever tendons were
anchored in each segment. After the closure was cast,
the span tendons and internal continuity tendons were
installed and tensioned. After casting and transverse
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prestressing of the overhangs, the external continuity
cables were installed and tensioned.

The expansion units were constructed in symmetrical
cantilevers progressively built from their centers towards
the expansion joints — see Fig. 14. Before casting the
closures, the adjacent cantilevers were connected by
erection steel beams and subsequently vertically
adjusted. Before casting the mid-span joints of the outer
spans, the adjacent cantilevers were jacked apart. The
piers of the outer cantilevers were deflected outwards —
in the direction opposite to their movement caused by
creep and shrinkage of the concrete of the deck. In the
case of pinned piers, the deflection has increased the
rotational capacity

SPAN-BY-SPAN CONSTRUCTED BRIDGES

The spine box girder of the expansion unit DC1 of
bridge 209-01 with a length of 680 m and of the units
DC1 and DC2 of the bridge 209-02 of a total length of
800 m (see Figs. 15 and 16) were cast span-by-span with
overhanging cantilevers in a formwork suspended on
an overhead movable scaffolding, which was formed
by a tied arch with so called organic prestressing
—see Fig. 17.
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Fig. 12 Cantilever bridge
Obr.12 Letmo betonovany
most

Fig. 13 Cross sections

of the cantilever bridge at piers
Obr. 13 P¥i¢ny fez letmo
betonovaného mostu u pilife

Fig. 14 Construction

of cantilever bridges
Obr. 14 Vystavba letmo
betonovanych mostd
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Fig. 15 Span-by-span

constructed bridge
Obr. 15 Most staveény
po polich

Fig. 16  Cross sections

of the span-by-span
constructed bridge at piers
Obr. 16  Pri¢ny fez mostu
stavéného po polich u pilite

Fig. 17 Span-by-span
construction

Obr.17  Vystavba po polich

Fig. 18 Progressive
construction of the deck
Obr.18 Postupna vystavba
mostovky

VIADUCT KRIVAN-MYTNA ON THE EXPRESSWAY R2, SLOVAKIA
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The spine girder is prestressed by internal coupled
tendons situated in the webs and non-continuous,
support tendons, led at the top slab. Two spans behind
the casting spans, the precast struts were gradually
erected, and the overhangs were cast into a formwork
supported by these struts in 50 m long sections — see
Fig.18. After their transverse prestressing, external
continuity cables were installed and tensioned.
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INCREMENTALLY LAUNCHED BRIDGES

The units DC3 and DC4 of the lengths of 2 x 400 m of
the bridge 209-02 (see Fig. 19 and 20) were incrementally
launched. The units were launched from a common
support situated at the point of curvature change. Since
the entire cross-section of the bridge can be relatively
easily cast and subsequently launched, it was not
necessary to create the deck incrementally. Therefore,
the cross-section of the structure was modified. The outer
slab struts were replaced by single bars located in the
place of the struts’stiffening ribs. Thus, the character and
unified architectural impression of the structure were
preserved.

During launching, the deck was incrementally prestressed
by coupled internal tendons situated in the deck’s cross
section. After the structure was launched, external
continuity cables situated inside the box were installed
and tensioned.

The deck was cast in segments of 30-35 m in length in
the casting plant located at the location of the first span
of the DC4 unit. The launching bearings were placed only
on one pier's wall always closer to the launching jacks, the
other wall support was free and served for placing the
hydraulic jacks. The wall piers were temporarily reinforced



STRUCTURAL CONCRETE IN THE CZECH REPUBLIC 2022-2025

KONSTRUKCNI BETON V CESKE REPUBLICE 2022-2025

27.50

by a steel truss. After the launching of the DC3 unit, the
launching device and the steel nose were turned and
the unit DC4 was launched in the opposite direction
—see Fig. 21.

CONCLUSIONS

The construction of the viaduct which proceeded
without any significant technical problems began in
2022; and was completed in 2025. The viaduct, which was
constructed in a beautiful valley in an environmentally
sensitive mountainous area, had a minimum impact
on the countryside both during its construction
and in service. The architecture of the structure was
developed from the true structural solution; the structure
creates an economical semi-integral structural system
which requires minimum maintenance. Although
different construction methods have been utilized,
the viaduct has a uniform architectural and structural
arrangement along its whole length. Even though the
viaduct is a considerable size, it does not overwhelm
the beautiful landscape but rather complements it
—see Fig. 22.

The viaduct was constructed as a Design Build Project,
the client is Narodna dialnicna spolo¢nost (Road
Construction Company), Bratislava. The expressway

design is work of the firm Dopravoprojekt Bratislava.
The viaduct was designed by the firm Strasky, Husty
a partnefi, Brno, Czech Republic, the Project Manager was
Libor Hrdina. The Viaduct was constructed by a Zdruzenie
(Joint Venture) R2 Krivan — Mytna formed by the firms
Doprastav, Bratislava; STRABAG, Bratislava; EUROVIA SK,
Kosice, Slovakia and EUROVIA CS, Praha, Czech
Republic.
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Fig. 19 Incrementally

launched bridge
Obr. 19  Postupneé vysouvany
most

Fig.20 Cross sections

of the Incrementally launched
bridge at piers

Obr.20 Pri¢ny fez postupnée
vysouvaného mostu u pilite

Fig. 21
Obr. 21

Bridge launching
Vysouvani mostu

Fig.22 Cantilever bridge
with 150 m long span
Obr.22 Letmo betonovany
most s rozpétim 150 m
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VIADUKT SLOVENSKE DALNICE D1 U
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The 614.0 m long viaduct consists of two parallel bridges with 14 spans with a typical span of 43.5 m. Both
bridges form a semi-integral structural system. The superstructures are made of box girders which were cast
span-by-span in formwork supported by underslung movable scaffolding. The foundations of the bridges
were influenced by the fact that the viaduct is situated in a landslide area.

Viadukt dlouhy 614,0 m se sklada ze dvou soubéznych mostti o 14 polich s typickymi rozpétimi 43,5 m. Oba
mosty jsou navrzeny jako semi integralni konstrukéni systém. Nosné konstrukce jsou tvofeny komorovymi
nosniky, které byly betonovany po polich do bednéni podpiraného spodni vysuvnou skruzi. ZaloZzeni mostt
bylo ovlivnéno skutec¢nosti, ze viadukt je situovan v sesuvném tizemi.

Fig. 1
Obr. 1

Bridge 202
Most 202

Fig.2 Elevation
Obr.2 Podélny fez

048 | 049

The Slovak motorway D1 near the city of Zilina is
situated in the beautiful landscape of the Mald Fatra
Mountains. In the Lietavskd Lucka — VisSnové — Dubna

Skala section, it runs on several long bridges — see Fig. 1.
The construction of the motorway, which was carried out
under the FIDIC Yellow Book regime, was started by the
Joint Venture ‘Zdruzenie SALINI IMPREGILO — DUHA! The
Venture strictly required that all bridges be designed as
prefabricated beam structures.

Motorway construction started in 2015. The contractor
carried out foundations, substructures, erected precast
girders and cast composite slabs of some spans for
a few bridges. In 2019, the Joint Venture decided to
withdraw from the construction. In a new competition

LIETAVSKA LUCKA

the Joint Venture ‘Zdruzenie ‘SKANSKA - Visriové’
won the contract. Since construction of this viaduct
had not started, the contactor has decided to abandon
precast girder design and utilize their experience with
construction of bridges using a movable scaffolding.

ARCHITECTURAL AND STRUCTURAL DESIGN

The 614.0 m long viaduct carries the motorway over
a long valley; retention ponds, a local road and a creek —
see Fig. 2. The viaduct is formed by two parallel bridges
with 14 bays of a typical span length of 43.5 m. The
viaduct's axis is in a plan circle with a radius of 1,500 m
and in a variable longitudinal slope from 4.4 to 1.5%.

VISNOVE
14 15

1.0
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The prestressed concrete deck of both bridges consists of
14-span continuous box girder with a depth of 2.40 m.The
width of the left bridge is from 13.55 to 15.05 m; the width
of the right bridge 14.80 m is constant along its entire
length. Above supports the girder is strengthened by 3 m
long pier diaphragms with manholes, which with heights
of 1.5 m was sufficient for easy transport of the inner cell’s
formwork of the box girder during construction.

The box girder from C35/45 concrete is longitudinally
prestressed by four systems of Dywidag tendons of12-0.6"
strands: (1) continuous tendons led at girder's webs
that are coupled in construction joints, (2) continuous
tendons led at the girder’s webs that overlap above
the piers and are anchored at opposite sides of the
diaphragms, (3) short tendons situated at the tops slab
above the piers and (4) short tendons situated at the
bottom slab with anchors situated at the bottom corners
of the box girder.

The piers are formed with slender columns of the
octagonal cross section that transfer into column caps —
see Fig. 3. On piers 8,9 and 10 the deck is hinge connected
with the caps, on the remaining piers and end abutments
the deck is supported by couples of pot bearings.

The design of the viaduct's foundations addresses difficult
geotechnical conditions of the bridge site in which the
mountain’s slopes are prone to landslide movements.
Based on extensive geotechnical monitoring it was found
that the rate of slope displacements is closely linked to
fluctuations in the groundwater level. Therefore, drainage
via 120 m long boreholes was implemented in this area,
which decreases the groundwater level and a subsequent
slowdown or cessation of the slope’s landslides. However,
the active landslide zones with %4 movement remain at
abutment 1 and piers 5,6 and 7.

That is why abutment 1 is founded on 16 m long drilled
piles and it is anchored by 25 m long rock anchors.
Also, a provision for additional installation of more rock
anchors is prepared. All piers are founded on 18 m long
drilled piles and the footings of piers 2, 3, 5,6 and 7 are
protected by walls. These walls are formed by 16 m long
drilled piles anchored by rock anchors of length from 26
to 30 m.

The viaduct's economical design was made possible
by its detailed static and dynamic analysis. The bridge,
which was analyzed by the MIDAS software system,
was modeled as a 3D structure assembled from beam
elements. A detailed time-dependent analysis of the
gradually erected structure was performed for the
designed and actual construction process.

VIADUCT CONSTRUCTION

The bridge deck was incrementally cast span-by-span
with overhanging cantilevers in formwork supported
by Strukturas underslung movable scaffolding - see
Fig. 4. At first the right bridge in direction from abutment
15 to abutment 1 was constructed, then the scaffolding

was turned and used for construction of the left bridge
in the opposite direction. The box girder was cast in
two stages, at first, the bottom slab and webs, then the
top slab. As soon as coupled continuous tendons and
short pier tendons were post-tensioned, the scaffolding
moved into the next span. Remaining tendons were
post-tensioned when the neighboring span was
completed.

CONCLUSIONS

The viaduct forms a structurally efficient and architec-
turally pleasing structure. Since the viaduct is composed
of slender structural members, it creates a light and
transparent structure that has a minimal impact on the
environment.

The viaduct was constructed as a Design Build Project,
the client is Narodna dialnicnd spolo¢nost (Road
Construction Company), Bratislava. The viaduct was
designed by the firm Strasky, Husty a partnefi, Brno,
Czech Republic, and was constructed by Skanska SK, a.s.,
Bratislava, Slovakia.

Fig.3 Cross section at pier 5
Obr.3  Pricny fez u pilite 5

Fig.4 Movable scaffolding
Obr.4 Vysuvna skruz
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Fig.1 Bridge 204
Obr.1  Most 204
Fig.2 Elevation

Obr.2  Podélny fez
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The viaduct, which consists of two parallel bridges 254.0 m long, carries the motorway over a landslide area,
a creek and a rural road. The six-span bridges with spans ranging from 34.50 to 100.18 m are made up of two
different structures. The first three spans, which are formed by precast beams and a composite deck slab, are
connected to a three-span cast-in-place box girder structure. The landslides within the site influenced the

arrangement of the viaduct.

Viadukt, ktery je tvofen dvéma soubéznymi mosty dlouhymi 254,0 m, prevadi dalnici pres svazné uzemi,
potok a polni cestu. Mosty o Sesti polich s rozpétimi od 34,50 do 100,0 m maji dvé konstrukéné rozdilné
casti. Prvni tfi pole, ktera jsou sestavena z prefabrikovanych nosnikii a spfazené desky, spojité navazuji na
letmo betonovanou komorovou konstrukci o tfech polich. Uspofadani mostu bylo ovlivnéno skutecnosti, ze

viadukt je situovan ve svazném tzemi.

The Slovak motorway D1 near the city of Zilina passes
through the beautiful Mald Fatra Mountains. In the
Lietavska Lucka — Visnové — Dubna Skala section, it runs on
several long bridges - see Fig. 1. The construction of the
motorway started in 2015. The contract, which was carried
out under the FIDIC Yellow Book regime, was initially
undertaken by the Joint Venture (JV) “Zdruzenie SALINI
IMPREGILO — DUHA! The Venture strictly stipulated that
all bridges must be designed as prefabricated structures.
Therefore, the viaduct was originally designed as a 9-span
precast beam structure with spans from 34.5 to 41.0 m
long. However, the geotechnical survey performed
upon the start of the motorway’'s construction indicated
the presence of several active and potential landslides
within the site. After numerous options were considered
and worked out, it was decided to step over the most
dangerous zones by using long spans.

Meanwhile, the contractor carried out foundations,
abutments, and piers, some precast girders were erected,
and portions of the composite deck were cast for several

bridges. In 2019, the Joint Venture decided to withdraw
from the job. In a new bid, the Joint Venture "Zdruzenie
‘SKANSKA — Visriové” won the contract. It was agreed
that the bridge 204 will be constructed according to the
project developed under the previous JV.

ARCHITECTURAL AND STRUCTURAL DESIGN

The 354 m long viaduct carries the motorway over
a long valley with hazardous landslide areas, a creek and
a local road - see Fig. 2. Each of the two bridges have
dedicated horizontal and vertical alignments, as the
motorway morphs from a circle with a radius of 2,000 m
into two separate tunnel tubes. For the most part following
a transitional curve, the horizontal distance between the
left and right grows from about 16 m to over 23.5 m at the
end. The width of the right bridge is 15.30 m, the width of
the left bridge is 14.35 m.

The first three spans of both bridges (350 + 2 X 41 m
long) are assembled of 2.0 m deep precast beams and

LIETAVSKA LUCKA VISNOVE
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a composite deck slab 023 m thick — see Fig. 3a. The
following three spans (70.0 + 100.0 + 66.0 m long) were
built by the balanced cantilever method — see Fig. 3b.
The precast beams rest on transverse girders shaped as
an inverted letter T. At the ends of the precast section an
inverted T naturally reduces to L. The transverse girders
are supported by two pot bearings each. Due to the
different bridge width, the right bridge has 9 beams, and
left bridge has 8 beams in a cross section. Each precast
beam is assembled of three segments, which are mutually
connected by prestressing; the joints are filled with epoxy.

The cantilever structures are made of single-cell box girders
of a variable depth ranging from 2.70 m at midspan and at
supports 4 and 7 to 5.20 m at piers 5 and 6. At supports the
girders are stiffened by internal diaphragms. Above pier 5,
where the superstructure is monolithically connected
to the substructure, two diaphragms 1.15 m thick are
provided above the walls of the split pier. Above pier 6
a single diaphragm 3.0 m thick transfers the stress from
webs into two pot bearings. A similar situation exists above
abutment 7. Furthermore, 0.70 m thick web stiffeners
placed at approximately one third the span length transfer
the radial forces from the external continuity cables to the
webs.

The deck s prestressed by three cable systems of a classical
arrangement. During construction cantilever tendons were
installed and anchored in each segment. After the closures
were cast, the span tendons and external continuity cables
were installed and tensioned. The external continuity
tendons, which are situated inside the box girders, are
deviated at pier and span diaphragms.

At support 4 longitudinal rebars reinforcing the top
slab of the box girder protrude into the composite slab
of the beam structure. This reinforcement, together
with additional reinforcement of the pier diaphragms,
guarantee the monolithic connection of the precast spans
with the cantilever structures.

Pier 5, which are monolithically connected with the decks
of both bridges, serve as bridge’s fix points — see Fig. 4.
Longitudinally movable bearings support the deck on all
other piers. All foundations rest on drilled piles. Protecting
walls formed by anchored drilled piles are situated upslope
of (i.e. to the right of) each support except abutment 1 and
pier 2, to arrest the landslide movement.

The viaduct's economical design was made possible by its
detailed static and dynamic analysis. The bridges, which
were analyzed by the MIDAS FEM software, were modeled
as 3D structures assembled from beam elements. As the
bridges are progressively constructed, the static system
changes, and the concrete of different structural members
ages differently, therefore detailed time-dependent analy-
ses of the various construction stages were performed for
the designed and actual construction process.

VIADUCT CONSTRUCTION

The construction of precast and cast-in-place sections
proceeded simultaneously — see Fig. 5. After construction

‘ 14.35 '

180 1175 0.80

of the piers, the transverse girders of the piers 1 through 4
were cast. Then the precast beams were erected, and
composite slabs were progressively cast. At the same time
15 m long pier tables were constructed, travellers were
erected and then 2 x 7 deck segments were progressively
cast and prestressed in symmetrical balanced cantilevers.
While the stability of the erected cantilevers above the pier
5 was given by the rigid connection to the (twin-walled)
pier, the stability of the cantilevers above the pier 6 was
guaranteed by temporary columns supporting the pier
tables. After casting the 4.5 m long mid-span closures and
3.75 m long closures at pier 4, the decks were prestressed
by span tendons and external continuity cables. After that,
composite slabs above pier 4 were cast.

CONCLUSIONS

The viaduct forms a structurally efficient structure bridging
a dangerous landslide areas. Although it consists of two
different structural systems, it forms a continuous structure
requiring minimum maintenance — see Fig. 6.

The viaduct was constructed as a Design Build Project, the
client is Narodna dialnicna spolo¢nost (Road Construction
Company), Bratislava. The viaduct was designed by the firm
Strasky, Husty a partnefi, Brno, Czech Republic, and was
constructed by PORR s.r.o, Bratislava in JV with SKANSKA
SK as, Bratislava.

Fig.3 Cross section:

(a) precast spans,

(b) cantilevered spans,

1 —at midspan, 2 — at pier 5
Obr.3  Pricny fez:

(a) prefabrikovana pole,

(b) letmo betonovana pole,
1 — uprostted rozpéti,

2 —u podpéry 5

Fig.4 Bridge structure
Obr.4  Konstrukce mostu
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VIADUCT OF THE SLOVAK MOTORWAY D1 NEAR THE VILLAGE

OF VISNOVE - BRIDGE 203

VIADUKT SLOVENSKE DALNICE D1 U OBCE VISNOVE - MOST 203

Fig. 1 Bridge 203
Obr.1  Most 203
Fig.2 Elevation

Obr.2  Podélny fez
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The 960.3 m long viaduct consisting of two parallel bridges with 24 bays and 40 m spans is described in
terms of architectural and structural design and construction technology. Both bridges, which are led up
to 42 m above terrain, form integral structural systems composed of three expansion units. The supporting
structures, which are made of prefabricated beams and composite concrete slabs, are supported by slender

piers made of twin wall columns.

Viadukt dlouhy 960,3 m, ktery se sklada ze dvou soubéznych mostl o 24 polich s rozpétimi 40 m, je popsan
z hlediska architektonického a konstrukcniho feSeni a technologie vystavby. Oba mosty, které jsou vedeny
az 42 m nad terénem, jsou navrzeny jako integralni konstrukéni systémy sestavené ze tfi dilatacnich celkd.
Nosné konstrukce, které jsou tvoreny prefabrikovanymi nosniky a sprazenymi betonovymi deskami, jsou
podepreny stihlymi pilifi tvofenymi dvojitymi sténovymi sloupy.

The Slovak motorway D1 near the city of Zilina is
situated in the beautiful landscape of the Mald Fatra
Mountains. In the Lietavskd Lucka — Visnové — Dubnd
Skala section, it runs on several long bridges — see Fig. 1.
The construction of the motorway, which was carried out
under the FIDIC Yellow Book regime, was started by the
Joint Venture ‘Zdruzenie SALINI IMPREGILO — DUHA. The
Venture strictly required that all bridges be designed as
prefabricated beam structures.

Motorway construction started in 2015. The contractor
carried out foundations, substructures, erected precast
girders and cast composite slabs of some spans for
a few bridges. In 2019 the Joint Venture decided to

withdraw from the construction. In a new competition
the Joint Venture “Zdruzenie "'SKANSKA - Visnové” won
the contract. It was agreed that the structures under
construction, including bridge 203, will be completed
according to the existing projects.

The 960.3 m long viaduct carries the motorway over
a deep and long valley, several local roads and a creek —
see Fig. 2. The viaduct is formed by two parallel bridges
with 24 spans of length of 40 m each divided into three
expansion units. The fact that the deck is up to 42 m
above ground level, and the supports are up to 39.70 m
high made it possible to create an integrated structural
system with bearings located only on the end abutments.

{ 960.30 m 1|
B o e s T O | [T T T I=
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The superstructure consists of prefabricated beams
2.00 m deep and a cast-in-place composite slab 0.225 m
thick — see Figs. 3 and 4. Due to the layout of the
motorway, the width of the left and right bridge is
different. The left bridge with a total width of 14.20 m is
composed of eight beams, the right bridge with a total
width of 15.30 m is composed of nine beams. The beams
are assembled of three reinforced concrete elements,
which were mutually connected by prestressing
on site.

The beams are placed on reinforced concrete pier
caps, which are supported by twin wall columns. The
caps have the shape of an inverted letter T (see Fig. 5).
The reinforcement of the caps is supplemented by
vertical bars anchored in the bottom flange. Since this
reinforcement overlaps with the reinforcement of the
composite slab, stiff crossbeams were created there.

All columns are hinge connected with the pier caps.
They have the same shape; their width is 5.50 m, and
their thickness is 0.80 m. The higher wall columns are
interconnected at the foundations by longitudinal
stiffening walls, the low piers situated close to the end
abutments have concrete hinges at their foundations.
The gap between the wall columns of 0.80 m is increased
to 1.5 m for expansion piers.

The pier caps of the expansion piers, which were created
by dividing typical caps, are L-shaped. During assembly,
concrete blocks were inserted between them and were
subsequently connected by prestressing. After casting
the deck slab the temporary connection was removed.
The abutments and most of the piers are founded on
drilled piles.

The viaduct's economical design was made possible
by its detailed static and dynamic analysis. The bridge,
which was analyzed by the MIDAS software system,
was modeled as a 3D structure assembled from beam
elements. A detailed time-dependent analysis of the
gradually erected structure was performed for the
designed and actual construction process.

VIADUCT CONSTRUCTION

The construction of the deck of both bridges was carried
out in three stages. First, the outer expansion units were

built with the process of erection of precast beams and
the casting the composite deck in the direction from the
abutment to the expansion piers. When the pier caps
of the expansion piers were temporarily connected, the
side spans of the central expansion units were erected.
Subsequently, the beams of the central units were
erected, and composite deck slabs were progressively
cast. The beams were erected by a pair of cranes moving
along the temporary road located along the bridge.

CONCLUSIONS

The viaduct forms a structurally efficient and architecturally
pleasing structure. Its realization clearly demonstrates that
an economic integral structure requiring low maintenance
can be easily created from precast beams. Since the
viaduct is composed of slender structural members, it
creates a light and transparent structure that has a minimal
impact on the environment — see Fig. 1.

The viaduct was constructed as a Design Build Project, the
client is Narodna dialicnd spolo¢nost (Road Construction
Company), Bratislava. The viaduct was designed by edit:
the firm Strasky, Husty a partnefi, Brno, Czech Republic,
and was constructed by Doprastav, a.s., Bratislava, Slovakia.

Fig.3 Partial elevation with
expansion pier

Obr.3  Céstecny podélny fez
s dilata¢nim pilifem

Fig.4 Cross section
Obr.4 Pricny fez

Fig.5 Beams and pier caps
Obr.5 Nosniky a hlavice
pilftd
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EXPANSION OF THE D1-233 MOTORWAY BRIDGE
ROZSIRENI DALNICNIHO MOSTU D1-233
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Link projekt s.r.o. Link projekt s.r.o.
tomas.janek@ martin.damek@
linkprojekt.cz linkprojekt.cz

The D1 motorway near Brno is the busiest section of the Czech Republic’s motorway network. This section
of the highway did not have sufficient capacity to handle the current traffic volume in its original four-lane
configuration. A decision was therefore made to widen this section to six lanes. The first stage was section
D1 01191.C, between the Brno-Centrum and Brno-Jih interchanges. Within this section the D1-233 bridge
carries the D1 motorway via two independent structures, which were constructed while maintaining traffic
flow on the motorway. A key phase in the construction of the bridge was the erection of the superstructure
without the use of falsework. This technology significantly accelerated the work, contributing to an earlier
commissioning of the entire section. The project was delivered under FIDIC Yellow Book (Design and Build)
conditions, enabling the design and construction phases to be closely integrated.

Dalnice D1 je v useku kolem Brna nejvytizenéjsi éasti dalniéni sité v Ceské republice, pficemz kapacita sta-
vajiciho ¢tyipruhového usporadani je témér vycerpana. Proto bylo rozhodnuto o jeho rozsiteni na uspofra-
dani Sestipruhové. Prvni etapou se stal tisek D1 01191.C mezi mimouroviovymi kfizovatkami Brno-centrum
a Brno-jih. Most D1-233 v tomto useku prevadi dalnici D1 pomoci dvou samostatnych konstrukci, které byly
realizovany za plného dalni¢niho provozu. Klicovou fazi byla vystavba nosné konstrukce bez pouziti pod-
pérné skruze. Tato technologie pfinesla zna¢né urychleni praci a prispéla k dfivéjsimu zprovoznéni celého
useku. Projekt byl realizovan podle podminek FIDIC Yellow Book (Design and Build), coz umoznilo uzké pro-
pojeni projekénich a realizacnich fazi.
- TA_‘F——-‘“ ——

Fig. 1
Obr. 1

View of the bridge
Celkovy pohled

BASIC PROJECT DATA branches; a service road; and the planned relocation of the

Leskava stream.

TYPE OF
CONSTRUCTION:

Continuous composite prestressed
concrete girder structure

284.40 m left bridge (LB),
277.90 m right bridge (RB)

18.5-32.5m (11 spans LB, 10 spans RB)
40.1 m (20.05 m LB, 19.85 m RB)

The D1 motorway alignment on the bridge includes
a transition curve and a circular curve with a radius of
2,800 m. The vertical alignment follows a crest curve with
longitudinal gradients ranging from +0.73% to —1.18%,
and the roadway transverse slope is 2.5%.

DECK LENGTH:

SPAN LENGTHS:

BRIDGE WIDTH:

Road and Motorway Directorate STRUCTURAL DESIGN

VESIOH: of the Czech Republic

The bridge is supported by deep foundations comprising
large-diameter bored piles (#1200 mm). The internal piers
near the railway line are founded on two rows of piles
(2 x 5), while the remaining piers are founded on a single
row (1 X 6). This arrangement enabled the bridge to be
constructed as an integral structure, eliminating the need
for bearings and expansion joints on all the piers. The

DESIGNER: Link projekt s.r.o., Brno
MI Roads a.s.

08/2023-04/2025

CONTRACTOR:

CONSTRUCTION TIME:

BRIDGE DESIGN PRINCIPLES

Due to heavy traffic and the poor condition of the existing
structure, it was proposed that the bridge be completely
reconstructed without reusing the old structure.

The new D1-233 bridge carries the D1 motorway (category
D34.5/130) over the following: Railway Line No. 250 (Brno
Main Station — Breclav); the siding to Terminal Brno, a.s,;
the planned north—south and west-south high-speed rail

pile lengths for the internal piers vary between 13 and
20 metres, and the abutment piles are between 15 and
22 metres long. A static load test was performed on
a preliminary test pile to verify the geotechnical conditions.

The substructure comprises massive end abutments
and ten (LB) or nine (RB) intermediate piers. These piers
comprise a pair of rectangular columns measuring 2.65 X
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ZAKLADNI DATA PROJEKTU

Spojitd spfazena predpjata betonova
nosnikova konstrukce

284,40 m levy most (LM),
277,90 m pravy most (PM)

18,5-32,5m (11 poli LM, 10 poli PM)
40,1 m (20,05 m LM, 19,85 m PM)
Reditelstvf silnic a dalnic s. p.

TYP KONSTRUKCE:

DELKA NK:

ROZPET( POLI:

SIRKA MOSTU:

INVESTOR:

PROJEKTANT: Link projekt s.r.o., Brno
MI Roads a.s.

08/2023-04/2025

ZHOTOVITEL MOSTU:

DOBA VYSTAVBY:

ZASADY NAVRHU MOSTU

Vzhledem k vysokému dopravnimu zatiZeni a technic-
kému stavu stavajici konstrukce byla navrzena komplet-
ni rekonstrukce mostu bez vyuziti konstrukce mostu
stavajiciho.

Nové navrzeny most D1-233 prevadi délnici D1 — komu-
nikaci kategorie D34,5/130 pfes Zelezni¢nf trat ¢. 250 Brno
Hlavni nadrazi — Breclav, pres vie¢ku do aredlu Terminal
Brno, a.s., pldnovanou severojizni a zdpadojiznf vetev VRT,
Ucelovou komunikaci a planovanou preloZku potoku
Leskava.

Sméroveé je na mosté osa dalnice D1 tvorena prechodnici
a kruznicovym obloukem o poloméru 2800 m. Niveleta je
na mosté vedena ve vrcholovém zakruzovacim oblouku,
podélny spad je proménny +0,73 % az —1,18 %. Pricny
sklon vozovky na mosté je 2,5 %.

KONSTRUKCNI RESENI

Zalozeni mostu je hlubinné na vrtanych velkoprimeéro-
vych pilotach @1200 mm. Vnitini podpéry u zelezni¢ni trati
jsou zaloZeny na dvou fadéch pilot (2 x 5), zbyvajici vnitfni
podpéry na jedné fadé pilot (1 X 6). Toto usporadani umoz-
nilo navrhnout konstrukci bez nutnosti osazovat loziska
a dilatacnf zavéry na vsech mezilehlych podpérach. Délka
pilot vnitfnich podpér je proménna v rozmezi 13-20 m.
Opéry jsou zalozeny na pilotach délek 15-22 m. Pro ovére-
ni zakladovych pomérd byla provedena staticka zatéZovaci
zkouska nesystémove piloty.

Spodnf stavbu mostu tvoff krajni masivni opéry a deset
(LM) / devét (PM) mezilehlych podpér, které se skladaji
z dvojice pilitd obdélnikového prifezu o rozmérech 2,65
% 0,75 m z betonu C40/50. Nosnd konstrukce je na opé-
rach uloZena na dvé viesmérnad hrncova loZiska a jedno
vodici jednosmérné loZisko. Vnitfni podpéry jsou k nosné
konstrukci pfipojeny kloubové vrubovymi klouby. Ty byly
aktivovany profezanim az poté, co byla nosna konstrukce
plné zmonolitnéna se spodni stavbou.

Fig.2 Left bridge
longitudinal section

Obr.2 Podélny fez levého
mostu

Fig.3 Right bridge
longitudinal section

Obr.3  Podélny fez pravého
mostu
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Nosnou konstrukci v pricném smeéru tvori 2 X 10 ks pre-
fabrikovanych dodatec¢né predpjatych nosnikd T vysky
1,15 m z betonu C60/75 sprazenych s monolitickou des-
kou prameérné tloustky 0,22 m z betonu C35/45. Nosniky
byly pfedepnuty ve dvou fézich jednim nebo dvéma 10 az
19lanovymi kabely z lan Y1860 S7-15,7 v zavislosti na jejich
délce. Nosna konstrukce je v podéiném sméru zmonolit-
néna pomoci Zelezobetonovych pficnikd. Vnitini pricniky
Sitky 2,3 m a vysky 1,85 m byly zhotoveny ve dvou fézich
— zérodek pficniku ve tvaru obraceného T z betonu C40/50
a dobetondvka pri¢niku z betonu C35/45.

Rozpéti poli mostu je proménné v délkdch od 18,5 do
32,5 m. Levy most tvori celkem 11 poli pfi délce nosné
konstrukce 284,40 m, pravy most 10 poli pfi délce nosné
konstrukce 277,90 m. Celkova $itka mostu je 40,10 m.

Pro viechny ¢asti konstrukce mostu byla uplatnéna opat-
fenfi pro ochranu mostu proti vlivu bludnych proudl ve
stupni ¢. 5 a pro ochranu pred atmosférickymi vlivy.

|
U U u

Fig.4 Cross-section
Obr.4 Pricny fez

Fig.5 Left bridge demolition
Obr.5 Demolice stavajiciho
levého mostu




BRIDGES
MOSTY

Fig.6 Left bridge internal
cross-beam starters

Obr.6 Zarodky vnitfnich
pri¢nik levého mostu
Fig.7 Left bridge beam
placement

Obr.7  Osazeni nosnikd
levého mostu
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EXPANSION OF THE D1-233 MOTORWAY BRIDGE
ROZSIRENI DALNICNIHO MOSTU D1-233

0.75 m and made of C40/50 concrete. At the abutments,
the superstructure is supported by two multi-directional
pot bearings and one guide bearing. The internal piers are
connected to the superstructure by concrete hinges. These
were activated (by cutting) only once the superstructure
had been fully integrated with the substructure.

The superstructure’s cross-section comprises ten precast
post-tensioned T-beams (1.15 m deep) made from C60/75
concrete. These beams act compositely with a cast-in-
place slab, which has an average thickness of 0.22 m and is
made from C35/45 concrete. The beams were prestressed
in two stages using one or two tendons containing 10 to
19 strands (Y1860 S7-15.7) depending on their length. The
superstructure is made continuous above piers by means
of the reinforced concrete cross-beams (diaphragms). The
internal cross-beams are 2.3 m wide and 1.85 m deep. They
were constructed in two phases: first, an inverted T-shaped
starter section made of C40/50 concrete supporting the
precast beams, followed by a subsequent concrete pour
made of C35/45 concrete.

The bridge spans range from 18.5 to 32.5 metres, with the
left bridge having 11 spans totalling 284.4 metres and the
right bridge having 10 spans totalling 277.9 metres, giving
a total bridge width of 40.1 metres.

Protective measures against stray currents (protection level
5) and against atmospheric effects were applied to all parts
of the bridge structure.

CONSTRUCTION OF THE BRIDGE

To maintain uninterrupted flow of traffic on the motorway,
construction of the bridge was divided into several pha-
ses: temporary widening and shoring of the existing
right bridge to accommodate a temporary four-lane
arrangement; demolition of the left bridge; construction of

the new left bridge; transfer of temporary lanes; demolition
of the right bridge; and construction of the new right
bridge.

A key phase was implementing the superstructure
without temporary falsework. First, the full-height pier
columns were built, followed by the inverted T-shaped
cross-beam starter sections. These cross beams were then
monoalithically connected to the piers, with the connect-
ions being stressed by vertical prestressing bars. This detail
was crucial for the possible installation of precast beams
on the cross beams without the need for any shoring.
This enabled the full span to be erected without the
need for parallel installation of the neighbouring span.
The prestressing bars ensured that the pier section of
the future hinge remained in compression throughout
the construction process. The cast-in-place deck slab was
poured first in the spans, then over the internal piers
including the final concrete pour of the cross-beams. Once
the deck and cross-beams were completed, the concrete
hinges at the pier heads were activated by precisely
cutting the concrete. Finally, the prestressing bars were
released and the ducts were grouted.

The reconstruction of the bridge began in August 2023
with the temporary widening of the right bridge. The
left bridge opened in August 2024, followed by the right
bridge in April 2025. Prior to opening, a static load test was
performed on both bridges.

MI Roads a.s. was the bridge contractor, and Doprastav a.s.
supplied the precast beams.

STATIC ANALYSIS

To analyse the bridge structure during construction
and operation, 3D frame and shell/plate finite element
models were developed using the MIDAS Civil software
programme. These models represented the actual geo-
metry and loading of the bridge, including the construction
sequence, the profiles of the prestressing tendons, the time-
dependent properties of the concrete and the interaction
between the soil and the structure. The analysis covered
incremental construction stages, such as the sequential
placement of beams on cross-beam starter sections, the
phased casting of the deck slab and the sequential casting
of support cross-beams. This was followed by the formation
of concrete hinges through the cutting of pier columns.

CONCLUSION

The new D1-233 bridge carries a six-lane section of the
first stage of widening the D1 motorway near Brno.
Through close coordination between the designer and the
contractor and by utilising the Design and Build contract
model, the construction sequence was optimised.
Despite the demanding engineering challenges, the
chosen method significantly accelerated the works and
contributed to the earlier commissioning of this critically
busy section.

MATERIAL USAGE (SUPERSTRUCTURE)

o pe I

CONCRETE C60/75 3405 m? 0304 m?
CONCRETE C35/45 + C40/50 3885 m? 0.346 m?
PRESTRESSING STEEL 2281t 203 kg

REINFORCING STEEL 1923 t 1714 kg
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VYSTAVBA

Viystavba mostu byla vzhledem k nutnosti zachovani
plného dalni¢niho provozu rozdélena do nékolika etap
— docasné rozsiteni a podepfreni stavajiciho pravého mos-
tu, demolice stavajiciho levého mostu, vystavba nového
levého mostu, demolice stdvajictho pravého mostu, vy-
stavba nového pravého mostu.

Klicovou fazi realizace mostu byla vystavba nosné kon-
strukce bez pouziti podpérné skruze. Nejdfive byly zho-
toveny dfiky vnitfnich podpér v plném prdfezu a na
nich zarodky pfi¢nikd ve tvaru obraceného T. Zarodky
pricnikl byly s driky podpér spojeny monoliticky a se-
pnuty svislymi predpinacimi ty¢emi. Tento detail byl za-
sadni pro moznost osazeni prefabrikovanych nosnikd
na zérodky pricnikd bez nutnosti jakéhokoliv podeprent.
To umoznilo montdz celého pole bez potfeby soubéz-
né instalace sousedniho pole. Pfedpinaci tyce zajisti-
ly, Ze prafez difku podpéry v misté budouciho vrubo-
vého kloubu zlstane po celou dobu vystavby v tlaku.
Betondz monolitické desky probihala nejdfive v polich,
poté u vnitinich podpér vcéetné dobetondvek pri¢nikd.
Po betondzi desky a pficnikd byly pfesnym profezanim
betonu aktivovany vrubové klouby v hlavach podpér.
Na zaveér byly uvolnény predpinaci tyce a zainjektovany
chranicky.

Rekonstrukce mostu byla zahdjena v srpnu 2023 do-
¢asnym rozsitenim pravého mostu. Do provozu byl levy
most uveden v srpnu 2024, pravy most v dubnu 2025.
Pred uvedenim mostu do provozu byla provedena static-
ka zatéZovaci zkouska.

Zhotovitelem mostu byla spole¢nost Ml Roads a.s., dodava-
telem prefabrikovanych nosnik( spole¢nost Doprastav, a.s.

STATICKA ANALYZA

Pro analyzu konstrukce mostu v montéznich i provoznich
stavech byly vytvoreny prostorové prutové a deskosténo-
vé vypocetni modely v programovém prostredi MIDAS
Civil. Vypocetni modely vystihovaly redlnou geometrii
mostu a zatizeni, v¢etné postupu vystavby mostu, vede-
ni pfedpinacich kabeld, reologickych vlastnosti betonu
v Case a interakce konstrukce s podlozim. Analyzovana
byla postupna vystavba konstrukce, véetné postupného
osazovani nosnikl na zarodky pri¢nikd, postupné beto-
nédze desky nosné konstrukce a postupné betondze nad-
podporovych pficnikl s naslednym vznikem vrubovych
kloubl profezavanim drikd podpér.

ZAVER

Novy most D1-233 v Sestipruhovém usporadani prevadf
¢ast prvni rozsifované etapy dalnice D1 v Useku kolem
Brna. Diky vyuziti smluvniho modelu Design and Build
a Uzké soucinnosti projektanta se zhotovitelem se podafilo
optimalizovat technologicky postup tak, ze i pfes naroc-
né inzenyrské vyzvy pfinesla zvolend metoda vystavby

tohoto kriticky vytiZzeného Useku.

SPOTREBA MATERIALU (NOSNA KONSTRUKCE)
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3405m | 0304m®
3ggsm’ | 0346’
2281 203kg
BETONARSKA VYZTUZ 1923 t 1714 kg

Fig.8 Right bridge
superstructure construction
(source: MI Roads)

Obr.8 \ystavba nosné
konstrukce pravého mostu
(zdroj: MI Roads)

Fig.9 Superstructure soffit
Obr.9 Podhled nosné
konstrukce

Fig. 10  Bridge before
completion (source: Ml Roads)
Obr.10 Most pred
dokoncenim (zdroj: MI Roads)
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GENERAL RECONSTRUCTION OF BARRANDOV BRIDGE IN PRAGUE
CELKOVA REKONSTRUKCE BARRANDOVSKEHO MOSTU V PRAZE

Fig. 1

Barrandov bridge
- longitudinal section
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Barrandov bridge in Prague is one of the busiest bridges in the Prague transport system. It transfers traffic
from the City ring road across the Vitava River for a distance of 350 m. The bridge was put into operation in
1988 and from that time it was used mainly for heavy truck transport. After 30 years of operation, severe
damage appeared and it was necessary to make its general reconstruction in the period from 2020 to 2024.
Except for replacement of the bridge equipment (pavement, expansion joints, bearings, drainage etc.),
the bridge deck was strengthened with an additional layer of UHPC and additional external prestressing
tendons were installed inside the bridge deck. The load-bearing capacity of the bridge was increased and its
remaining service life was extended.

Barrandovsky most je nejzatizenéjsim mostem v dopravnim systému Prahy. Pfevadi silni¢ni dopravu mést-
ského okruhu pres Vltavu v délce 350 m. Most byl uveden do provozu v roce 1988 a od té doby slouzil pre-
vazné tézké kamionové dopravé. Po 30 letech provozu vykazoval poruchy takového rozsahu, zZe bylo tfeba
pristoupit v letech 2020 az 2024 k jeho celkové rekonstrukci. Kromé vymény mostniho svrsku a vybaveni
mostu bylo provedeno také zesileni jeho nosnych konstrukci. Mostovka byla zesilena vyrovnavaci vrstvou
z UHPC a do nosnych konstrukci bylo instalovano podélné pridavné predpéti formou volnych kabelt. Most
ma nyni po rekonstrukci vyssi zatizitelnost a prodlouzila se také jeho Zivotnost.
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Barrandov bridge was built in the 1980s as a part of the
basic road system in Prague. The bridge is composed
of two independent continuous prestressed concrete
structures with 6 spans of lengths 34.66 + 61 + 71 + 72 +
66 + 45.99 m (Fig. 1).

CLIENT

MAIN CONTRACTOR

SAIERNACCONSURIANT The width of the bridge is variable according to the

alignment of individual traffic lanes. In the narrowest
place, there are four traffic lanes in each direction and side
walks at both sides of the bridge. The width of the bridge
deck is about 40 m. The depth of the bridge deck is 3 m
in the longest spans, and it is reduced towards the bridge
ends to 1.6 m. The two independent bridge decks have
box girders with 3 cells and vertical webs (Fig. 2).

The shape of the main piers in the river and on the bank
is exceptional. The piers are shared by both bridges. The

Obr.1  Barrandovsky most bottom wall part supports a prestressed transversal beam;
- podélny fez 2020-2024 both parts are located parallel to the flow of the river,
) ) which allows for a smooth flow of water even at high
4ERANIK SMICHOV) water levels. Short walls with bearings are placed on each
® @ @ ®355 49 @ @ @ transversal beam. They have an aesthetical function and
3547 i 61,00 :L 7100 i 372,00 :L 66,00 i 2995 also the arrangement of bearings allows for a reduction
) ] ] = ] | g of the skewness of supports of the superstructure. The

= L L, i i

architectural shaping of piers is a determining factor also

Fig.2 Cross-section

of the bridge above the pier
in the river

Obr.2  Pricny fez mostem
nad navodnim pilitem
Fig.3 Shape of the bridge
in plan

Obr.3  Tvar mostu

v padorysu
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for aesthetics of other piers and abutments. The piers are
founded on underground walls, only two piers in the river
are founded on micropiles.
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The superstructure has an irregular shape in plan as it
is shown in Fig. 3. It is made of prestressed concrete
of the strength class originally designated B400, which
roughly corresponds to the actual strength class C30/37.
The original longitudinal prestressing is composed of
tendons made of 12 strands @15.5 mm with a nominal
load-bearing capacity of 2000 kN. 12 tendons are located
in each web of the cross-section. The entire bridge was
cast in sections on fixed scaffolding. Each section had
the length of approximately one span, the working joints
were placed in sections with low bending moments. The
longitudinal tendons were connected in the working
joints. No prestressing was designed in the transversal
direction, where only mild reinforcement was used.

DEGRADATION OF THE BRIDGE

The degradation of the bridges developed over a period
of years. The bridge was heavily loaded by everyday traffic;
nobody was encouraged for years to close the bridge
and make a repair. Only in 2019, a detailed diagnostic
survey was carried out, which discovered damage to the
waterproofing, local degradation of concrete, reinforcing
and prestressing steel in the working joints (Fig. 4). In
addition, the service life of bearings and expansion joints
had been exceeded. The owner required to extend the
service life and also to increase the load-bearing capacity
of the bridge, because of the importance of the bridge for
road trafficin the city. Based on the diagnostic survey a plan
of the general reconstruction was prepared. It comprised
exchange of all the bridge equipment (pavement, side
walks, drainage, bearings, expansion joints, etc.) and also
a significant strengthening of the bridge. In 2020 and
2021, the substructure was reconstructed and it was
planned to reconstruct the superstructure in 4 stages
from 2022 to 2025.

REPAIR OF THE SUBSTRUCTURE

Repair of the substructure started in 2020 — piers 2 and
3 and continued in 2021 - piers 4 and 5 in the river and
piers 6 and 9. During the repair, no limitation of traffic was
necessary. The surfaces were repaired; the drainage of
water from horizontal surfaces was ensured. The ends of
the transversal deep beams were checked because of the

anchors of the pier prestressing. The state was found to
be rather good; only locally, grouting under the anchors
was required and protection against corrosion of the
anchors was needed. No severe damage was found on
the substructure. Fig. 5 shows one of the main piers after
the repair.

REPAIR AND STRENGTHENING
OF THE SUPERSTRUCTURE

The bridge carries more than 140,000 vehicles daily. It
was not possible to close the bridge. The client required
to keep the traffic in 6 lanes from 8 lanes. Therefore, the
reconstruction was planned in 4 stages always during the
summer period, when there is less traffic and when only
2 lanes could be closed. The individual superstructures
were strengthened by external tendons installed in the
cells of the bridge (Fig. 6). 6 tendons located at the webs
were composed of 7 strands @15.5 mm.

[t was necessary to drill holes in existing transversal beams
where the ducts for external prestressing were installed. It
was necessary to avoid the damage of steel reinforcement
in the existing structure. The drilling was controlled by
laser which defined exactly the direction of drilling. The
holes had a diameter of 92 mm. Because of the length of
the bridge, all external tendons were connected in the
transversal beam over pier 4 — in the centre of the bridge
— by overlapping. The tendons were also prestressed
from this place, because of the lack of space at the ends

Fig.4 Corrosion

of prestressing steel

Obr.4 Koroze predpinaci
vyztuze

Fig.5 Pierin the river after
the repair

Obr.5 Navodni pilit

po opravé

Fig.6 External prestressing
for strengthening
of the superstructure
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Fig.7 Anchors of external
tendons in the end transversal
beam

Obr.7 Kotvy vnéjsiho
predpéti v koncovém pficniku

Fig.8 Temporary supports
of the bridge during

the exchange of bearings
Obr.8 Docasné podepfent
mostu pfi vyméneé lozisek

Fig.9 Installation

of the expansion joint
Obr.9 Instalace mostniho
zaveru
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GENERAL RECONSTRUCTION OF THE BARRANDOV BRIDGE IN PRAGUE

CELKOVA REKONSTRUKCE BARRANDOVSKEHO MOSTU V PRAZE

of the bridge. The anchorage of external tendons in
end transversal beams is shown in Fig. 7. The anchors
were supported by a cast in situ UHPC block. Additional
reinforcement under the anchors could not be installed.
All additional prestressing was delivered with protection
PL3 (electrically isolated tendons).

The service life of original pot bearings is about 30 years.
All bearings were removed and replaced by new spherical
bearings with identical technical parameters (Fig. 8).

Also, the expansion joints at the ends of the bridge were
worn out. New ones were installed. Some of them are up
to 60 m long due to the skew of the bridge. Because the
repair of the bridge was executed in stages, always only
on one half of the bridge, the expansion joints also had
to be assembled in halves. The installation of the new
expansion joints is illustrated in Fig. 9.

After removing of surface layers from the bridge
deck, its surface was carefully geodetically measured.
It was concluded that the additional layer is necessary
for levelling the irregularities in the top surface of the
deck, because only a thin two-layer asphalt pavement
should have been used on the bridge. The specialists
of the external consultant of the client (Czech Technical
University in Prague) proposed application of the UHPC
layer. It was considered as an optimal solution, because
this UHPC layer could significantly contribute to increasing
of the load-bearing capacity of the bridge and also it could
be used as waterproofing which contributed to extending
of the service life of the waterproofing and to acceleration
of the repair. It was a completely new technology. The
experience from abroad was supplemented by the
experience from research activities and from application

of UHPC at new structures. Additional experiments were
carried out, which proved the watertightness of working
joints.

The principle of strengthening with UHPC lies in
concreting a thin layer of UHPC (5 to 15 cm) on a treated
surface of the bridge deck. Its surface must be clean, rough
and wet, so that the bond of UHPC and existing concrete
would be able to carry the shear forces at the interface
without the necessity of additional connectors. The
connectors were used in a limited scale for technological
reasons and for elimination of deformation of the UHPC
layer due to early shrinkage because of the non-uniform
drying, which is inevitable in spite of the careful curing.
In the areas where the UHPC layer is in compression, it
naturally increases the load-bearing capacity of the bridge
deck and mainly of the slab above the cells. In the areas
where the UHPC is in tension, the reinforcement was
designed; it also significantly contributes to the load-
-bearing capacity and to the stiffness of the section. This
was especially appreciated on the cantilevers. Some of
them are exposed directly to the traffic load, and therefore
their strengthening was most welcome.

If the UHPC layer should also fulfill a function of water-
proofing, it is necessary to avoid (or to significantly
reduce) cracking. A high fibre content in UHPC could
satisfy such a condition. A fibre content exceeding 3%
(vol) of fibres allows for a watertightness, however, the
viscosity of the fresh UHPC is very demanding on the
production and pouring of UHPC. The service life of
standard waterproofing is about 30 years, but the service
life of the UHPC layer is not shorter than the service
life of the concrete structure. The working joints in the
UHPC had to be executed as watertight which required
their special arrangement. Application of UHPC also
contributes to sustainability, because it avoids future
closures of the bridge as of the necessity to change the
waterproofing.

At the south bridge — where the repair of the super-
structure started, there was no experience with UHPC,
therefore only its strengthening function was used, and
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water proofing was made in a standard way with asphalt
strips. During the two stages implemented in 2022 and
2023, some experience was gained and also experimental
verification of watertight working joints was carried out.
On the north bridge the full function (strengthening and
waterproofing) was used. It made it possible to realize the
two stages of reconstruction (planned for 2024 and 2025)
in one extended season in 2024. The pouring of UHPC is
shown in Fig. 10.

The application of UHPC showed its big advantages. It
satisfied the function of the levelling, strengthening and
waterproofing. The technology was developed during
the four stages and it was concluded that the technology
is applicable, advantageous and finally economical
(especially from the point of view of life cycle costs).
Because of the development of a number of details, it
will be possible to use it for the strengthening of other
bridges.

The drainage of the bridge was completely rearranged.
The original system of external drainage gutters was
replaced by curb drainage, which allows for a continuous
flow of the water from the pavement surface. The new
edge beams with the new safety barriers were made
of concrete C30/37-XF4-XD3. The side walks also now
transfer the lane for cyclists; the height of the railing had
to be increased form 1.1 m to 1.3 m (Fig. 11).

CONCLUSIONS

The heavily loaded Barrandov bridge was successfully
reconstructed. The load-bearing capacity was increased,
the durability was extended. New technologies were

used, which allowed for improvement of the quality of
the repair and for shortening of the construction time.
The application of UHPC appeared as the most efficient
solution especially if the damages discovered during the
execution of the repair are considered. During the time
of implementation, it was necessary to be flexible and
to solve many unexpected issues. It was possible only
because of the close cooperation of all participants of the
construction and because of the support of the client for
application of advanced technologies. The bridge after
the repair is shown in Fig. 12.
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UHPC 1717 m? 0.113 m?
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SPOTREBA MATERIALU
(OPRAVA NOSNE KONSTRUKCE)
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Fig. 10  Pouring of UHPC
and its compaction with

a vibration bar

Obr. 10  Pokladka UHPC
a jeho hutnéni vibracni listou
Fig. 11 Side walk with higher
railing and safety barrier

Obr. 11 Chodnik s vy3$sim
zébradlim a svodidlem

Fig. 12 Barrandov bridge
after the repair

Obr. 12  Barrandovsky most
po oprave
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This article describes the complex reconstruction of the 1929 reinforced concrete arch bridge in Liblin. Due
to the bridge’s severe structural degradation and its status as a protected heritage monument, a historical
replica approach was chosen instead of a conventional complete replacement. The paper presents the
technical challenges of preserving the original load-bearing arches and foundations while replacing the
deck and piers to meet modern safety and durability standards. This reconstruction serves as an example
of maintaining visual authenticity and architectural integrity through replication within the context of
20th-century engineering heritage.

Clanek se zabyva komplexni rekonstrukci Zzelezobetonového obloukového mostu v Libliné z roku 1929.
Vzhledem k pokrocilé degradaci konstrukce a zaroven jeho pamatkové ochrané byl namisto bézné kom-
pletni vymény zvolen pfistup formou historické repliky ptivodniho mostu. Text detailné popisuje technické
vyzvy spojené se zachovanim ptvodnich nosnych obloukt a zakladi pfi sou¢asné nahradé mostovky a pi-
lith tak, aby vyhovovaly modernim standardiim bezpecnosti a trvanlivosti. Tato rekonstrukce je prikladem
zachovani vizualni autenticity a architektonické integrity v kontextu inzenyrského dédictvi 20. stoleti diky

’!*I.:

Fig. 1 View of the original
bridge
Pohled na plvodni

most

Obr. 1
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vytvoreni repliky mostu.

FEENTNNWE

Reinforced concrete bridges from the interwar period
represent an important part of Central European
engineering heritage. The bridge in Liblin, located on
the Berounka River north of Plzenr, is a notable example.
Completed in 1929 based on a design by engineer
Zdenék Prosek, the structure consisted of two 50-metre
reinforced concrete arches with a central pier founded
in the riverbed. The deck, supported by a system of
beams and thin wall supports in open spandrel, reflected
construction practices of that era, including a large
number of expansion joints.

Beyond its structural qualities, the bridge stood out for
its architectural composition—particularly the articulation
of the piers, the proportioning of the arches, and the
distinctive railing design combining concrete and steel
elements. Therefore, in 2019 it was listed as a cultural
heritage monument.

After nearly ninety years of service, the bridge was found
to be in a critical condition during an inspection in 2020.
Severe deterioration of the concrete affected key structural
elements, especially the cross beam above the central pier
and the bases of the wall supports. Material diagnostics
confirmed very low compressive strength, high moisture
ingress, chloride contamination, and frost damage in most
components. In contrast, the concrete of the main arches
showed adequate strength and durability. This finding
proved decisive for the selection of the reconstruction
strategy.

Rather than a conventional replacement, the project
was conceived as a historical replica, combining the
preservation of essential load-bearing elements
with a faithful restoration of the original architectural
expression. The existing arches and foundations were
retained, while the deck, piers, and all wall supports in
open spandrel were completely rebuilt. This approach
significantly reduced both construction complexity and
environmental impact, as it minimized intervention in the
river channel.

A key improvement was the redesign of the structural
system into two expansion units, a significant reduction
from the fourteen units in the original bridge. The
excessive number of joints had been the primary cause
of long-term deterioration due to water leakage. The new
structure utilizes only three expansion joints, located at
the abutments and at the central pier. These are designed
as low-noise sinusoidal joints to minimize traffic-induced
noise. Overall, the radical reduction in the number of
joints, combined with their advanced technical design,
significantly enhances both the durability of the structure
and user comfort.

The bridge was widened to meet the current regulatory
standards, including a single-sided pedestrian walkway.
This widening was carried out asymmetrically to minimize
torsional effects while preserving the visual balance of the
structure. A specific design challenge concerned the twin-
column piers at the arch springings: structurally, the deck
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is now supported by a single column, while the second is
executed as a non-load-bearing replica, maintaining the
original appearance. This solution illustrates the principle
of visual authenticity, where architectural integrity is pre-
served despite necessary changes in structural behaviour.

The careful restoration of architectural details was equally
important. Heritage-defining features — such as the geo-
metry of the piers and arches, the parapets, and the railing

integrated into a broader cultural and historical context.
By combining modern engineering requirements with
a sensitive approach to heritage preservation, the project
delivers a structure that meets contemporary standards
while retaining the spatial and visual qualities of the original
1920s design. In an international perspective, it provides
a valuable example of how reinforced concrete heritage
can be preserved through informed and technically
rigorous replication rather than mere conservation.

Fig.2 Demolition
of the bridge deck
Obr.2  Demolice mostovky

Fig.3 Construction

of the new bridge

Obr.3  Vystavba nového
mostu

design — were reproduced as replicas. In some cases,
adaptations were required to meet modern standards.
For example, the original horizontal steel railing infill
was replaced by vertical elements to comply with
current safety regulations. Furthermore, the concrete
railing elements were modified to accommodate the
new layout of expansion units and the installation of
expansion joints, all while maintaining the structure'’s
overall visual character.

During the reconstruction itself, the existing arches were
extensively used as a work platform, allowing demolition
and subsequent construction to proceed without
extensive temporary falsework in the river.

The Liblin bridge reconstruction demonstrates that even
quite utilitarian concrete structures can be successfully

MATERIAL USAGE: (SUPERSTRUCTURE)
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STRUCTURAL STEEL S355 Okg
CONCRETE C30/37 4485 m3 0.354 m?
PRESTRESSING STEEL 0t O0kg
REINFORCING STEEL 1305t 103 kg

SPOTREBA MATERIALU (NOSNA KONSTRUKCE)

I 7Y NA T2

KONSTRUKCNI OCEL S355 0kg
BETON C30/37 448,5 m? 0,354 m?
PREDPINACI VWZTUZ 0t Okg
BETONARSKA VYZTUZ 130,5 t 103 kg

Fig.4 View of the new
bridge (prior to arch
remediation)

Obr.4 Pohled na novy most
(pfed provedenim sanace
oblouk®)

Fig.5 Original railing
Obr.5 Pavodni zabradli
Fig.6 Replica railing
Obr.6 Replika zabradli
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The footbridge was built in the city of Brno, Czechia, and connects the Riviera outdoor swimming pool and
the adjacent Brno exhibition grounds, where the main obstacle is the newly built large city ring road. The
total length of the footbridge is 284 m. The superstructure consists of a prestressed concrete spine beam
with a height of 0.9 - 1.7 m, which is supplemented by transverse ribs as a bearing element in the transverse
direction. The longest span is situated across the city ring road with a length of 47 m. The width of the
superstructure is 6.7 m and the footbridge thus creates a good connection with the main Brno recreational

area.

Nové postavena lavka v Brné spojuje venkovni koupalisté Riviéra a prilehlé veletrzni prostory, které od sebe
rozdéluje nové postaveny velky méstsky okruh. Celkova délka lavky je 284 m. Nosna konstrukce je tvofena
pateinim predpjatym betonovym nosnikem s vyskou 0,9 - 1,7 m, ktery je doplnén o zebra v pficném sméru.
Nejdelsi pole je umisténo nad méstskym okruhem a ma délku 47 m. Sitka lavky je 6,7 m, a tvofi tak velkorysé

spojeni s brnénskou rekreacni oblasti.

MULTIFUNCTIONAL ARENA
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Fig.1 Longitudinal section ~ OVERALL CONCEPT SUBSTRUCTURE

Obr.1  Podélny fez

Fig.2 Cross section
Obr.2  Pricny rez

CROSS SECTION IN THE MAIN SPAN

6.70

The footbridge crosses the Svratecky creek towards the
main obstacle in the form of the newly built city ring road.
The main crossing obstacle is a two-way, three-lane road
with the largest span in both directions.

The route of the bridge deck is S-shaped in terms of
direction, starting with a right-hand directional curve
with a radius of 70.0 m, followed by a straight length of
57.7 m and continuing in a left-hand directional curve
with a radius of 17.0 m, see Fig. 1. In front of the
first abutment, the footbridge connects to the existing
footpath and the footpath from the Riviera swimming
pool area. Abutment 10 is constructed by approach
retaining walls. The cross slope on the footbridge
switches from one-sided 2.0% to roof-centred and then
to one-sided towards abutment 10.

The vertical alignment is designed according to obstacles
and access level, therefore a combination of 8% and 5%
slope is used along the footbridge.

TYPICAL CROSS SECTION
6.70
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The foundation structures are designed as monolithic
reinforced concrete supported by concrete piles @900 mm.
The cross-sections of the pillars of the internal supports
P02 — P04 and P07 — P09 are designed in dimensions of
0.7 x 1.0 m with chamfered corners, the cross-sections
of the pillars P05 and P06 (in the place of the main
span) are designed in dimensions of 0.8 x 1.6 m. The
shafts of all piers are provided with fillets in the form of
circular sections at both surfaces in their longitudinal axis,
and the fillets are then provided at the top of the piers,
smoothly transitioning into their full cross-section. The
superstructure is supported on piers P04 to P07 by means
of concrete hinges, and on the other piers by transverse
fixed bearings.

The footings of the two end abutments are of analogous
design, with two edge bearings and one in the middle for
the longitudinal guidance of the superstructure.

SUPERSTRUCTURE

The superstructure of the footbridge consists of a spine
beam 0.90 m high and 1.75 m wide. Between supports
P5 and P6, the height of the beam above the supports
is increased to 1.7 m by a parabolic camber, with a spine
beam width of 1.60 m, which follows the side inclination
of the beam in a typical section. In the centre of the
main bay, the height of the spine beam is 1.00 m. The
typical width of the superstructure is 6.7 m with a clear
width of 6.0 m, which is stretched from the spine girder
by 02 m wide reinforced concrete ribs, thus making
the structure lighter, see Fig. 2. The longitudinal axial
distance of the ribs varies from 1.80 m to 1.80 m. The axial
distance of the ribs is always bisected by the axis of the
support. Two atypical ribs of 0.6 m width are designed
in place of the P08 support, which will be used in the
future to pin the additionally welded connection of the
connecting footbridge between the cableway station and
the bridge deck, that will carry the additional load from
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this connecting footbridge. To eliminate tensile reactions
in the bearings at abutment 10 due to the torsion of
the structure, the cross-section along the entire length
of bay 9 (from abutment 9 to abutment 10) transitions
to a constant cross-section corresponding to the typical
cross-section at the ribs.

The superstructure has integrated cornices, which are
formed by a soffit of 120 mm height. The width of the
cornice on the upper surface is 350 mm, into which the
railings are anchored.

The prestressing of the superstructure is designed along
its entire length using a total of 4 bonded cables with
12 strands in a plastic duct. In the area of the main span,
the prestressing is reinforced by an additional 4 pieces of
12-strand cables anchored with dead anchors in the area
behind the P06 support.

CONSTRUCTION

After the foundation and substructure were constructed,
the space framework construction was realized for
superstructure casting. In the first stage, the longest
section of 90.6 m from abutment 10 was cast. Half of the
continuous cables were anchored in the working joint and
then coupled to the next stage.

This was followed by two phases of concrete pouring,
which ended in December 2023. Once the superstructure
was completely prestressed, the temporary support in the
main span was removed.

A static load test was performed on the structure, where
the load consisted of 4 fully loaded trucks. The test showed
very good concurrence with the assumptions of the
calculations.

A dynamic test of the structure was carried out using loads
from pedestrian movement and also loads at selected
points according to the actual shapes of the structure. The

first bending natural frequency was determined by the
test to be 1.679 Hz and the first torsional frequency was
determined to be 2.287 Hz.

SUMMARY

The new footbridge has become an important link in
this up-and-coming area of Brno, which will simplify
movement and bring people closer to the recreational
area directly from the centre. The footbridge is carefully
inserted into the surrounding space. The designer of the
all parts of documentation is Strasky, Husty and partners.

Fig.3 View of completed
structure during winter
Obr.3 Pohled

na dokoncenou konstrukci
v zimé

Fig.4 Riviera footbridge
Obr.4 Lavka Riviéra

Fig.5 Riviera footbridge
with LED lighting

Obr.5 Lavka Riviéra s LED
osvétlenim pohledu
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VELEDROM UHPFRC SEGMENTAL FOOTBRIDGE IN BRNO
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Fig. 1 Longitudinal section
Obr.1 Podélny fez

Fig.2 Abutment

with prestressing tendons
layout

Obr.2  Opéra s usporadanim
predpinaci vyztuze

Fig.3 Cross section

Obr.3  Pricné fezy
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single-span parapet beam with overhung parts. The

superstructure is composed of 7 UHPFRC segments that are prestressed by unbonded strands. The main

span is 53.8 m with an overhang of 2.55 m at each

’

side. The cross section in the main span is a ‘U shape

with a recessed wall, the total height is 1.475 m. The overhung parts are “L shape” segments and they are
connected to the U shape by a combination of prestressing bars and tendons.

Nové premosténi sedmi jizdnich pruh je navrzeno jako parapetni nosnik o jednom poli s previslymi konci.
Nosna konstrukce se sklada ze sedmi UHPFRC segmenttl a je pfedepnuta nesoudrznymi kabely. Rozpéti
hlavniho pole je 53,8 m a previslé konce jsou dlouhé 2,55 m. Pfi¢ny prarez hlavniho pole je parapet ve tva-
ru U s prolisy ve sténach a celkovou vyskou 1,475 m. Previslé konce jsou ve tvaru L a jsou pfipnuty k hlavnimu
poli tvaru U pomoi kombinace predpinacich kabel a tyci.
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OVERALL CONCEPT Along the abutments there is an access walkway to the

The footbridge is primarily planned to provide connectivity
between the bus stop and the adjacent complexes.
A future realignment of the urban road circuit is planned
for this location. However, this layout requires a major
update of the traffic design, which is not compatible with
the location of the footbridge supports. For this reason,
the footbridge is designed as a temporary bridge. It is
also allowed that the footbridge superstructure may be
dismantled and relocated during its lifetime. Nowadays,
every newly designed bridge structure responds to
a specific location on the site, and so it is difficult to
relocate a given length of structure and use it in another
location. Therefore, a design approach was chosen to allow
adaptation of the designed footbridge to a different length
arrangement.

The footbridge bridges the obstacle formed by the
large city ring road itself with five lanes and the two-
way Kfizkovského Street. In view of the complex space,
a solution without intermediate supports was chosen. The
span of the main span reaches 53.8 m and is supplemented
by overhanging cantilevers of 2.55 m, see Fig. 1.

footbridge on both sides with a gradient of 7.8 %. The
abutments are formed by a central concrete wall. This
arrangement was intentionally chosen because of the
spatial constraint of the main sewer. The abutments are
supplemented with separate staircase constructions at
the intermediate landing, which are aligned with the
walkways. The clear width on the footbridge between the
handrails is 2.0 m and the same width is used on the access
walkways.

FOUNDATION

Both abutments are depth based on a group of @108/16
tubular steel micropiles with a total of 28 pieces per
abutment. At abutment OP1 the micropiles are realized
in length of 9.0 m and at abutment OP2 the total length is
8.0 m. The micropiles are angled in a transverse direction to
increase stiffness against horizontal forces.

SUBSTRUCTURE

The abutments themselves consist of a central concrete
wall, that is relieved by large openings. The structure is

2.80
20, 7
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thus at the borderline between beam and wall elements.
The total length of the abutment is 37.4 m and the wall is
0.75 m thick. The abutment is supported for a length of
8.0 m on the foundation. The wall has an asymmetrical
cantilever layout of 17.6 m on the stair side and 11.8 m
on the superstructure side. The asymmetry is deliberately
chosen to balance the mass of the structure. The entire
abutment structure is prestressed with a system of
5 traced tendons per abutment, see Fig. 2. The tendon
routes correspond to the stresses on the structure and the
construction phase, which was carried out in four stages.
At the same time, the tendons ensure that no stresses are
reached above the tensile strength of the concrete under
service loads, so that this exposed element is not prone to
water ingress into the cracks.

Reinforced concrete slabs are cantilevered out from
the central wall to form the supporting structure for
the access walkways. The transverse slope is outward
from the cantilevers to provide a connection detail to
the bearing wall without water accumulation. Along the
access walkways, a niche is formed in the central wall to
accommodate a handrail.

SUPERSTRUCTURE

The structural layout of the footbridge was chosen as
a segmental one, with joints between the segments being
filled with high-strength mortar. Regarding the versatility
of use and long-term durability, a material solution made
of UHPFRC was chosen. The main benefit is the high level
of material savings, which is reflected in the weight of the
individual segments (maximum 28 tonnes).

The superstructure is supported by a pair of elastomer
bearings on the abutment. The combination of fixed
and omnidirectional bearings on each support was
chosen. Due to the plan layout, it is necessary to allow for

deformation from temperature and rheological effects,
which would not allow for any other arrangement due to
the action of the abutment as a cantilever.

The typical shape in the main span is a 148 m high
U-shaped parapet beam, where the parapet reaches
a maximum width of 300 mm at the top and is relieved by
recessing a thickness of 95 mm, see Fig. 3.

Four 12-strand prestressing tendons are designed in each
parapet and two 7-strand tendons in the bottom slab.

The recess in the parapet is omitted at the bearing points
for the purpose of anchoring the cables, and at the same
time the bottom slab is thickened by 100 mm. Three
(32 Y1050 prestressing bars are guided in the bottom
slab from the last U-shaped segment to the overhanging
[-shaped ends.

The prestressing is in protection level PL2 where plastic
tendon ducts and segment joints are used. At the same
time, however, it was necessary to use non-cohesive
prestressing in the form of ‘monostrands’ to allow later
de-anchoring and removal from the structure for possible
relocation of the footbridge to another location.

During dynamic tests, the natural shapes of the footbridge
and the response to a synchronous loading vertical
impulse of multiple persons, free pedestrian movement
and transverse impulse were monitored. The first bending
natural frequency was determined by testing to be
1172 Hz.

SUMMARY

The footbridge appropriately complements the Brno
Exhibition Centre, which has always been a showcase of
the most modern construction offered in its time. The
overall concept of the footbridge follows this tradition.

Fig.4 Detall

of superstructure and

SUbSlfU( ture connection
Obr.4 Detail ulozeni nosné
konstrukce s na spodni stavbu
Fig. 5
with op
Obr5 Sténové opéra
s otvory

Wall abutment

Fig.6 Velodrom footbridge
Obr.6 Lévka pro pési
Velodrom
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Obr. 1

The footbridge at dusk
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The footbridge spans the Vitava River in Prague, connecting the districts of HoleSovice and Karlin with
aramp on Stvanice Island. Designed by the architectural studio Al Praha, and with Skanska a.s. as the general
contractor, this segmental bridge is constructed from ultra-high performance fibre reinforced concrete -
UHPFRC (hereinafter referred to as UHPC). The main specifications include the use of white concrete with
f =120 MPa. The main branch of the bridge is 300 m long and 5 m wide, while the ramp extends 75 m with
a width of 4 m, comprising a total of six spans. The final span, which exceeds 40 m in length, is equipped
with a pivot joint and a hydraulic lifting system to clear the Q2002+1 m flood level. The structure consists of
57 H-shaped segments arranged in both vertical and horizontal curves. The beams are joined using epoxy
adhesive and four post-tensioned cables, each containing 19 strands, with a PL3 protection level.

Lavka prekonava reku VItavu v Praze a spojuje HoleSovice a Karlin, pficemz je doplnéna rampou na ostrové
Stvanice. Jedna se o segmentovy most z ultra vysokohodnotného vldknem vyztuzeného betonu (UHPFRC,
déle jen UHPC), navrzeny architektonickym studiem Al Praha a realizovany spole¢nosti Skanska a.s. Hlavni
specifikaci konstrukce je bily beton s charakteristickou pevnosti v tlaku f, = 120 MPa. Délka hlavni vétve
¢ini 300 m pfi Sitce 5 m, rampa ma délku 75 m a Sitku 4 m. Konstrukce je rozdélena do Sesti poli, pficemz
posledni pole o délce pres 40 m je opatieno oto¢nym kloubem a hydraulickym zdvihem nad povodnovou
uroven Q2002 + 1 m. Nosna konstrukce je tvorena segmenty tvaru ,H” v celkovém poctu 57 kusd. Most je
veden ve vyskovém i smérovém oblouku. Spojeni nosniki je provedeno pomoci epoxidového lepidla a ctyr
predpinacich kabelti (19 lan) o odolnosti PL3.

1. INTRODUCTION The bridge structure is designed as a continuous parapet
beam made of UHPC with six spans and a two-span
descending ramp to Stvanice island. The width of the main

bridge superstructure is 50 m (4.0 m clear width), and

The newest footbridge for pedestrians and cyclists in
Prague across the Vltava River connects the developing

districts of HoleSovice and Karlin, providing access to
the recreational area of Stvanice Island. An international
competition was organized by the investor, the City
of Prague, which was won by the design of Ing. arch.
MgA. Petr Tej, Ph.D. and Ing. arch. Marek Blank. The
project documentation (for building permit and tender)
was prepared by the competition winner, Al Praha s.r.o,
while the implementation documentation (issued for
construction) was prepared for the general contractor
SKANSKA a.s. by the design office TOP CON servis s.r.o..
The prefabricated UHPC components were supplied by
KS PREFA s.ro, Stéti plant.

the width of the ramp superstructure is 4.0 m (3.0 m clear
width). The substructure consists of massive, reinforced
concrete, deep-founded, and white to match the
superstructure pigment. The bridge’s longitudinal profile
was designed to follow the road levels on both riverbanks.
The requirement to keep the bridge 1.0 m above the 2002
flood level is met by lifting a portion of the end span on
the Holesovice side while the bridge is closed to traffic.
The preparation of the IFC documentation and the bridge
construction were carried out under close cooperation
between the architect, the designer, and the contractor to
ensure the architectural intent was fulfilled.
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2. TECHNICAL DESCRIPTION
2.1 Superstructure
2.1.1 Segmental Superstructure

The bridge superstructure is designed as a continuous
parapet beam with six spans (180 + 5x55.4) made of
prestressed UHPC (class C120), with a two-span descen-
ding ramp (13.05 + 49.35). The structure is segmental
(57 individually designed units), longitudinally post-
tensioned, and monolithic reinforced concrete at the point
of the ramp branching. In the end span on the HoleSovice
side, at a distance of 11.0 m from pier P50 (a point of
zero moments), a joint is inserted into the superstructure
allowing the end of the span to be lifted by 3.1 m, thus
meeting the flood requirement.

The H-shaped cross-section (Fig. 2) consists of a pair of
parapet beams 1.85 m high with variable widths (0.22 m
above the deck and 0.42 m below the deck). In a typical
segment, these beams are connected by two cross-beams
(0.25 m wide) and a deck slab with a minimum thickness
of 85 mm. The upper surface of the deck has a 2% cross-
slope. The height of the parapet above the deckis 1.10 m.
The width of the main segments is 5.00 m, while the ramp
segments are 4.0 m wide. Typical segments are 5.54 m and
6.00 m long; ramp segments are 530 m. The units were
manufactured using a short-line match-casting simulation,
creating joints with shear locks that were bonded with
epoxy during assembly. For most units, the bonded joint
does not span the entire cross-section; a gap is left in the
deck area to allow drainage directly beneath the bridge.

2.1.2 In-situ Cast Superstructure

The branching point where the ramp separates from the
main bridge is designed as a combination of prefabricated
parapet beams and a monolithic UHPC slab (class C110)
with a thickness of 0.75 m. The prefabricated parapet
beams follow the shape and height (1.85 m) of the
segmental units and are curved both vertically and
horizontally with various radii, forming the external visible
surfaces and acting as the “starter” for the monolithic deck
slab. Longitudinal prestressing cables pass through these
parapet beams.

2.1.3 Prestressing

The superstructure is longitudinally post-tensioned by
four cables, each with 19 strands (15.7 mm steel Y1860),
running through each parapet beam. Given the segmental
design, a PL3 protection level was used. Post-tensioning
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was carried out in five stages; cables with a maximum
length of 120 m are overlapped and anchored in specific
segments.

2.1.4 Hydraulic Lift

As mentioned, a stainless-steel joint (grade 1.4462) is
integrated into the parapets of the end span near the
Holesovice bank. This joint, combined with hydraulic jacks
and a steel support structure located at the HoleSovice
abutment, allows the bridge end to be raised by 3.1 m to
clear the flood level.

2.2 Foundations and Substructure

The substructure of the footbridge, with the exception of
abutment OP 60, is founded on large-diameter bored piles
(LDP) with a diameter of 880 mm and a maximum length
of 15.50 m, installed under the protection of steel casing.
Standard piers with expansion bearings are founded on
6 LDPs, while pier P20, which carries the fixed bearing, is
founded on 8 LDPs. The lower end abutments OP00 and
R20 are founded on a single-row pile bent consisting
of a pair of LDPs. The pile toes are embedded into load-
bearing pre-Quaternary rock consisting of clayey-silty
shales at various stages of weathering (classes R5 — R3
according to CSN 731001), which were encountered at
shallow depths beneath the site, predominantly covered
by varying thicknesses of anthropogenic fill (backfill).

Due to the restricted site conditions at Bubenské nabreZi,
Abutment OP 60 is founded on a micropile capping slab
(micropile raft) comprising steel tubes (108/16 mm, 10.0 m
long) installed within 270 mm boreholes. The foundation
works also involved extensive temporary geotechnical
structures. The piers within the Vitava River and Pier P10
in its immediate vicinity were constructed inside sealed
cofferdams. To facilitate the construction of Abutment OP
60, a soldier pile wall, anchored at three levels, was installed
to support the Bubenské nabrezi roadway. Additionally,
deep foundations were implemented for temporary
structures within the Vltava riverbed

The footbridge substructure strictly follows the archi-
tectural design from the competition. The piers are
massive structures, made of reinforced concrete (RC), with

Fig.2 Segment cross-section
Obr.2  Pricny fez
segmentem

Fig.3  Detail of the
decorative brass handrail
Obr.3  Detail ozdobného
mosazného madla

Fig.4 Handrail with
integrated LED light

Obr.4  Zabradelni madlo
s LED osvétlenim
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Fig.5 Standard segment,
head-on view in casting
position

Obr.5 Standardni segment,
Celni pohled v lici poloze

Fig.6 3D view of standard
segment

Obr.6 3D pohled

na standardni segment

Fig.7 Castelements

of the parapets, segments
Obr.7  Vybetonované prvky
parapet(, segmenty
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a rectangular cross-section of 5.00 X 1.85 m, made of white
concrete (class C30/37 XF4), matching the dimensions of
the bridge segments. The height of the piers ranges from
765mto 13.35m.

The end abutments on the Karlin bank and Stvanice
island are of low-height, recessed into the ground as
much as possible, consisting of a bearing seat (sill beam)
embedded into the LDPs and short suspended wing walls
with parapets connected to the superstructure. The end
abutment on the HoleSovice bank is a monolithic RC box
structure, providing space for the installation of hydraulic
cylinders (piston cylinders) that allow the end span of the
superstructure to be raised.

2.3 Equipment

The equipment reflects the material properties of UHPC
(minimal absorption and high durability). The walkable
surface of the segments requires no additional insulation
orfinishing; an anti-slip matrix was placed directly into the
moulds. The in-situ cast branching area was leveled and
unified with an epoxy-polyurethane coating. Drainage is
achieved through transverse gaps between segments.
Expansion joints are made of stainless steel with “finger”
designs suitable for cyclists. The parapets serve as railings

(1.10 m high) and are topped with a decorative brass
handrail (Fig. 3) containing an integrated LED strip for
public lighting (Fig. 4).

3. STATIC AND DYNAMIC ANALYSIS

The UHPC structure was designed and assessed in accor-
dance with the current European and Czech technical
standards. For the design and assessment of the super-
structure, Methodologies 1, 2, and 3 developed by the
Klokner Institute of CTU (Czech Technical University) in
2015, which were in force at the time of the tender
design documentation, were applied.

The global static and dynamic analysis of the structures
was performed using spatial (3D) models that account for
all geometric and structural constraints of the individual
components, including the bifurcation deck structure.

A decisive requirement for the prestressing design was
the maintenance of a minimum compressive reserve
of 1.0 MPa at the joints of the transversely segmented
structure under the characteristic load combination.

For the detailed assessment of the UHPC components
with tensile strength, numerous nonlinear local models
of the superstructure were developed in the ATENA
software in collaboration with the Klokner Institute. These
models account for the tensile phase of the UHPC stress-
strain diagram. Nonlinear calculations were primarily
used to assess the bifurcation area where the descending
ramp to Stvanice Island detaches; this section consists
of a combination of precast parapets coupled with
a monolithic slab via reinforcement. Given that the
prestressing tendons are routed only within the parapets
along a minimum radius, this section is subjected to
a combination of vertical loads and radial tensile forces
resulting from prestressing. Furthermore, nonlinear
analyses were conducted to assess the thin, unreinforced
deck slab under local loading, the anchorage zones of the
steel hinges within the segments, the segment faces at
the bonded joints, and many other details.

These local nonlinear calculations demonstrated that
the crack widths are minimal, remaining well below the
maximum allowable limit of 0.2 mm.

Based on the dynamic assessment, the installation of
two tuned mass dampers (TMDs) was anticipated. The
necessity and precise mass of these dampers were verified
through dynamic testing following the completion of the
footbridge. Subsequently, they were installed in the third
span and within the descending ramp

4. UHPC MIX DESIGN FOR IN-SITU CASTING

The specific nature of this project lies in the combination
of two entirely different structural components: precast
segments, typical for most projects of this type, and
a bifurcation section designed as a monolithic structure.

The bifurcation is located at the junction where the
footbridge deviates from the main route towards Stvanice
Island. Due to its dimensions, it could not be produced as
a precast element. The total volume of concrete for the
bifurcation is 125 m?,

UHPC has a highly specific composition and production
process. It was therefore necessary to develop a mix that
could be easily produced like conventional concrete
while achieving the required mechanical properties of
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Fig.8 Cast segment with
lifting and turning devices
Obr.8 Vybetonovany
segment se zvedacim

a otacecim zafizenim

Fig.9  All-steel mould
Obr.9 Celoocelové forma

UHPC. From a series of laboratory trial batches, those
meeting the short-term mechanical requirements were
selected for further testing at a full-scale batching plant.
Approximately 20% of all trial mixes were simultaneously
tested using a production-scale mixer. After six months,
the mix design was refined to meet both the design
specifications and the technical capabilities of a standard
concrete plant.

A second round of testing, evaluation, and optimization
followed. According to the original schedule, casting
was planned for the spring under ideal conditions. In
collaboration with CTU, we measured temperature
development in a 2 m? test block, which allowed collea-
gues from CTU to calculate the expected internal

temperatures within the structure. The results were at
the upper limit of acceptability. Once it became clear
that the casting would be shifted to warmer months,
a major revision of the mix design was required to
extend its workability and reduce the core temperature
of the structure. This was achieved through a water-
cooling system. Its design was supported by Professor
Vit Smilauer, PhD, and its efficiency was subsequently
verified during further trial pours.

The final mix design achieves a compressive strength
of 120 MPa and a flexural tensile strength of 19 MPa.
The mixing time per batch is 4 minutes, with a verified
workability of 8 hours. Furthermore, the mix does not
adhere to the drum of the transit mixers, and transport
losses are negligible.
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Fig. 10  Placing of a segment
for the 4th stage from

a pontoon

Obr. 10 Osazovani segmentu
do Ctvrté etapy z pontonu

Fig. 11 View of two mobile
cranes operating on the Vitava
River

Obr. 11 Pohled na dva
mobilni jefdby pracujici

na Vitavé

Fig. 12 Aerial view of the
first 29 assembled segments
Obr.12  Letecky pohled
na prvnich 29 sestavenych
segmenty
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Fig. 13 Supporting system

— cross-section
Obr.13  Podpérné
konstrukce - pfi¢ny fez

Fig. 14  View

of the SuperStructure

- cooling and spacer blocks
Obr. 14  Pohled na nosnou
konstrukci - chlazenf

a distancnf bloky

Fig. 15a,b  Night concreting
of SS — using cranes

and buckets

Obr.15a,b  Noc¢ni betondz
nosné konstrukce — pomoci
jefabd a badi
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5. PRECAST ELEMENTS
5.1 The segments and parapet beams

The superstructure was designed as a continuous parapet
beam with six spans, including a two-span descending
ramp to the island. It consists of 57 individually designed
segments made of white UHPFRC 120, longitudinally
post-tensioned together into a single structure, as
described above.

One of the 55 typical segments and its cross section
are shown in Fig. 5 and 6. The last produced and largest
2 segments with the embedded steel joint were longer
and the thickness of their parapets were wider in the part
with the joint.

The 7 precast parapet beams (Fig. 7), with 2 of them
curved both vertically and horizontally, and 5 of them

straight, altogether formed the outer shape and served
as lost formwork for the in-situ cast sections. The entire
superstructure is longitudinally prestressed with four
cables of 19 tendons 15.7 mm Y1860 steel in each parapet
beam. Due to the segmental solution, a prestressing
system with PL3 protection and new-generation of
Freyssinet couplers was used.

5.2 Precasting

The production of the segments described above in-
volved overcoming several challenges. The first chal-
lenge was the geometry itself. The directional and
elevational alignment of the bridge axis, along with the
division into a polygonal segmental structure, resulted in
unique shapes for each element. The angulation of the
segment faces, perpendicular to the bridge axis, and the
trajectory of the prestressing reinforcement, governed
by a different required geometry than the bridge axis,
led to varying positions for the connectors at the faces,
with their angles sometimes differing slightly from the
angle of the face. The second challenge emerged from
the fresh UHPC material itself, which placed extreme
demands on the moulds. The pressures induced by the
fresh fine-grained (up to 2 mm) self-levelling mixture
are hydrostatic, typically 50-70% higher compared to
normal concrete. The required tightness and stiffness of
the mould are far beyond what is needed for standard
precast concrete. The third challenge was related to the
use of the Reckli anti-slip imprint matrix on the walkable
surface, as well as the production of the required
design curves. To achieve this, the segments were cast
in an inverted, upside-down position. Consequently, a
method had to be devised to rotate the elements into
their assembly position. This was accomplished using
two cranes and a specially designed hoisting device
(Fig. 8).

5.3 Mould

A special all-steel mould (Fig. 9) was designed and
fabricated, hydraulically demouldable, with double faces
to allow angular rotation of the contact surfaces. The
adjustable faces enabled precise, variable fitting of inserts
for shear locks and channel connectors for prestressing
reinforcement, including angular deflections. During the
mould design, the fabrication drawings of the actual
segments were simultaneously modified to leverage
the principle of anti-symmetry. Similar to production
using imprints on a short match-cast line, the same
steel faces were used for both the preceding and
following segments, with precise angular rotation (0.01°
increments, or 1 mm per 5 m in length). After each
concrete casting, the produced segment was measured
at a specified age, and the designer determined, based
on the measured deviations from the ideal design, the
so-called compensation-adjustments in the order of
millimeters that corrected the alignment of the next
face. Therefore, accurate geometry measurements were
essential and applied throughout the process.

The total volume of precast elements exceeded 770 m>.
The largest precast segment, weighing over 50 tons
and with a volume of nearly 20 m? containing a built-in
stainless-steel joint, is the largest UHPC precast element
in the Czech Republic. The total volume of more than
900 m? of UHPFRC used for the superstructure, combined
with the white color, makes this bridge unique from
a global perspective.
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6. IMPLEMENTATION
6.1 Foundations and Substructure

As described above, nearly the entire structure is founded
on large-diameter bored piles (880 mm). These are topped
with a rectangular foundation made of standard grey
concrete (class C25/30). The substructure is of greater
interest, as it is constructed entirely of white concrete (class
C30/37) to match the brightness of the superstructure
in accordance with the architectural competition
requirements. This color was achieved by using white
cement (CEM | 525 R) and added pigments. However,
this choice presented a minor challenge due to the rapid
strength gain and shortened workability period. Combined
with central Prague traffic and high summer temperatures,
this necessitated meticulously planned casting operations.
Notably, for piers P40 and P50 in the middle of the Vitava
River, night-time casting was required, utilizing the largest
available concrete pump in the Czech Republic and the
installation of a water-cooling system.

6.2 Falsework and Bifurcation

A fixed falsework system consisting of MTP 100 towers
was selected for the construction of the superstructure.
In the Stvanice and Karlin sections, the system was
supplemented with I-beams (1450 and 1500), while the
sections spanning the river were further reinforced with
MJD SS and MID S lattice girders. This setup ensured
sufficient load-bearing capacity of the support structure

for both the precast segments and the monolithic section
(Fig. 13).

The bifurcation of the superstructure (heart is a unique
part of the construction where the precast segments
are integrated with a monolithically cast section. In this
area, the falsework was supplemented with a double-
deck system (double floor), which facilitated the precise
positioning of the outer parapet beams while forming
the underside of the bifurcation at the required gradient.
The parapets were positioned using a 500-tonne crane
with millimeter precision in both alignment and elevation.
During the installation of the beams, it was essential to
complete the final connection of all cable ducts, as any
later adjustments or repairs would have been impossible.
This was followed by the positional fixation of the
segments, and the commencement of reinforcement
works. During the reinforcement phase, two critical items
were integrated into the slab: the cooling system and
spacers (Fig. 14).

Following consultations with experts from CTU and
considering the scheduled casting time, it was decided
to install a cooling system using 3" hoses. These were
distributed throughout the slab in three layers, with
a spacing of approximately 500 mm horizontally and
180 mm vertically, across six independent circuits totaling
nearly 1,500 meters. The cooling was activated during the
casting process and monitored regularly. It was deactivated
approximately 60 hours after completion of the pour, once

Fig. 16  The footbridge
with tent and supporting
system

Obr.16  Lavka se stanem

a podpérnou konstrukci

Fig. 17 View of the underside
of the branching area and the
connected branches

Obr.17  Pohled na spodni
stranu rozpletu a pfipojend
ramena

Fig. 18 Static load testing

of the bridge

Obr. 18  Probihajici statickd
zatézovaci zkouska
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Fig. 19 Stvanice ramp
with the "River” statue
Obr. 19 Stvanicka rampa
se sochou,Reka”
Decorative handrail
finial - rabbit
Obr.20 Ozdobné hlavice
na zébradli - zajic

Fig. 20

d
g

Dokoncend lavka
v¢. parkovych uUprav

Fig.21 Complete
footbridge incl. landscapin
Obr. 21
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STVANICKA FOOTBRIDGE IN PRAGUE

STVANICKA LAVKA V PRAZE

its purpose was served; any further operation could have
potentially harmed the curing concrete.

Due to the large surface area and the self-leveling
properties of the concrete, the entire upper surface of
the bifurcation had to be fitted with a top formwork lid.
As the longitudinal gradient on the ramp exceeds 8%, it
would have been impossible to maintain the required
shape without this lid. Therefore, approximately 500 UHPC
spacers were installed in a 500 x 500 mm grid, each
featuring a through-duct for a tie rod (Schwupp rod) in
the center. This allowed the lid to be firmly bolted to the
bottom formwork, maintaining the required slab thickness
of 750 mm (Fig. 15).

Once the reinforcement and formwork were complete, the
casting followed. Due to the specific properties of UHPC—
in this case, its non-pumpability-we were forced to use
a casting method untypical for superstructures: using two
cranes and concrete skips (buckets). The pour commenced
at night to take advantage of better temperature and
humidity conditions, as well as reduced traffic in central
Prague (Fig. 12). After the casting was finished, the entire
falsework was “wrapped”in heavy rubber tarps to prevent
rapid heat loss, and both the concrete temperature and the
cooling water temperature were continuously monitored.

6.3 Segment Assembly

The segments manufactured in Stétf were transported to
the site as oversized loads by road. Following their arrival
at night, they were installed the next day using cranes
with sufficient lifting capacity (ranging from 200 t to 500 t,
depending on the weight of the individual units and the
placement radius). Due to the potential deflection and
creep of the falsework, the segments are initially placed
“loosely. They are only brought together and bonded once
the entire span (stage) has been laid out. The falsework
beneath the segments is equipped with double steel
girders, allowing the individual segments to be slid into
position using Teflon (PTFE) pads.

The process always begins with a dry fit (dry assembly)
to verify the horizontal and vertical alignment. This is
followed by any necessary adjustments to the wooden
leveling shims. The segments are then backed off by
a maximum of 10 cm to allow for the application of
epoxy adhesive — specifically CarboResin in summer or
winter formulations — before being pushed back to the
contact joint, ensuring excess material is squeezed out.
The joint was secured using a steel fixture on the side of
the segment to prevent any opening during the curing
process. This procedure was repeated until the entire
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stage was bonded. Since this process is highly sensitive
to temperature and humidity, a tent structure was erected
around the entire superstructure to maintain the required
climatic conditions. (Fig. 16).

Once the adhesive has fully cured, the individual pres-
tressing tendons are threaded and tensioned. The removal
of falsework (stripping) occurs only after the tensioning of
the subsequent stage, which completes the prestressing
of all strands to 100%. This sequence is repeated for all five
construction stages

7. CONCLUSION

The use of UHPC on such a massive scale was at that time
a new phenomenon. Current Czech codes and standards
did not fully account for the application of this material in
such large-scale structures. However, standards evolved,
the new Technical Rules of the Czech Concrete Society
(2022) followed by the new Technical Rules of the Czech
Ministry of Transport focused on UHPC (2024) now provide
much more detailed and precise formal and practical
guidelines for future projects.

Current completed UHPC structures serve as pioneers
in the field. As such, it is not always possible to avoid

fa

AN

L]

errors that would not occur with materials and methods
proven over decades. Nevertheless, the experience gained
is invaluable for future applications. Given its unique
characteristics, and despite certain challenges, UHPC will
undoubtedly find its way not only into precast plants but
also into in-situ construction. As a material of the future, it
is destined to play a vital role in the industry.

MATERIAL USAGE
(SUPERSTRUCTURE)

UHPC — PREFABRICATED SEGMENTS

UHPC - casT 0.695 m?

PRESTRESSING STEEL

REINFORCING STEEL 1194 kg

SPOTREBA MATERIALU (NOSNA KONSTRUKCE)

CELKEM

UHPC — PREFA SEGMENTY

UHPC - BETONOVANY ROZPLET 0,695 m?

PREDPINACI VYZTUZ

BETONARSKA VYZTUZ 1194 kg
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Fig.23 Thefo
reflected in the
Obr.23 L V prov
zrcadlici se v fece

0 anice
Obr.24 Pohled
na Holesovice a lavku smérem
ze Stvanice
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The footbridge is designed as a prestressed concrete structure supplemented by a pair of steel pylons with
semi-radial cables supporting the longest span of 87 m. The total length of the structure is 397.1 m with its
10 spans and it crosses 39 tracks in the area of Cheb railway station. The superstructure was produced in the
casting yard and the individual segments were incrementally launched over the entire track together with
the already installed pylons, which are an integral part of the superstructure.

Lavka je navrZena jako predpjata mostovka podepiena dvojici ocelovych pylont se semiradialnim uspofra-
danim kabelt v nejdelSim poli o rozpéti 87 m. Celkova délka lavky je 397,1 m je rozmisténa do 10 poli a pre-
kracuje celkem 39 Zeleznic¢nich koleji v misté kolejisté nadrazi v Chebu. Nosna konstrukce byla zhotovena
ve vyrobné a jednotlivé lamely byly postupné vysouvany pres vSechny koleje. BEhem vysunu byl na nosné
konstrukci jiz osazen pylon.

OVERALL CONCEPT

The footbridge crosses the railway station tracks in
a straight line and connects the city centre with the
emerging area in the west.

The total length of the footbridge structure is 397.1 m
and consists of 10 spans, see Fig. 1. On the west side,
the access to the footbridge is restricted by the adjacent

S “‘ . - i e . Flo- o local road, so it was not possible to design a seamless
e =1 e et connection, and therefore a perpendicular staircase and
b~ i | | | I —— h dicul d I
SN l____T—==— 3 short perpendicular ramp were used to allow access to
_ . _ , the footbridge. On the Svedsky vrch side, the footbridge
AL N0 L W0 4. A6 s B T »0 | 74, transitions seamlessly into a curved ramp that follows the
existing road structure. The clear width between handrails
is3.0m.
SUBSTRUCTURE

The piers are formed in cross-section by V-shaped columns
which are connected by a wall up to a level of 1.8 m below
the upper surface of the pier. Typical piers are 800 mm
wide longitudinally and 1200 mm wide at the pylon
locations (P6 and P7). The interconnecting wall is 400 mm
and 600 mm thick in pylons, see Fig. 2. Grooves 150 mm
deep are designed on the side of the pylons for visual relief.
All the piers keep the same angle between columns.

SUPERSTRUCTURE

The level of the footbridge is positioned in a constant
atypical arc with a radius of 3030 m. Due to the constant

Fig. 1 Longitudinal section
of the footbridge with detail
of the suspended part

of the structure

Obr.1 Podélny fez lavkou
s detailem zavésené casti
konstrukce

Fig.2 Cross section

of the structure

Obr.2  Pficny fez konstrukci

Fig.3 Incremental launching
of the superstructure

Obr.3  Vysun nosné
konstrukce
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curvature and the straight plan alignment, it was possible
to use incremental launching technology advantageously
due to the complicated arrangement of the obstacles.

The cross-section of the footbridge is formed by a sym-
metrical parapet cross-section of a H shape with a total
height of 20 m. The H shape is an advantageous section
for the incremental launching construction method. The
parapets are angled outwards and their upper surface is at
a height of 1250 mm above their starting level.. A recess of
60 mm depth is designed along the height of the parapet
on both the outside and inside. The width of the parapet at
the top is 500 mm, in the middle part it is 380 mm and the
thickness of the intermediate bridge slab is 180 mm. The
parapet is extended to 440 mm in the middle part of the
parapet wall to accommodate the prestressing anchors
near the abutments.

The pylons for suspension of the structure are located
above the P6 and P7 piers and are an integral part of the
superstructure.

The pylon cross-section is designed as a welded chamber
with internal stiffeners. The pylon reaches a height of
13.75 m including the height of the parapet. Fully locked,
coil-type cables are used. The cables are ended by a pin
fork, and they are assembled with a turnbuckle for
adjustment of inner force.

The prestressing of the structure is designed in two phases.
For the first phase, the cables are straight cables located
at the corners of the cross-section. In total there are four
12-strand cables in plastic ducts. These cables provide an
almost central prestressing which is very advantageous for
the displacement of the structure with regard to the need
to resist for both positive and negative moments.

The second phase of prestressing is the continuity cables,
which are traced in height adequately to the static actions.
The prestressing contractor, VSL has installed the strands
into the continuity ducts for the entire length of the 397 m
structure. This fact enabled the primary direct prestressing
to be carried out only inside the structure, without the

need to use antagonistic assembly cables outside the
footbridge.

CONSTRUCTION

For space reasons, the location of the production plant on
the side of Svedsky vrch was chosen.

The footbridge was divided into a total of 14 segments
with a length of 22 — 30 m. A steel nose was used for the
launching, it was pinned at the top face through a steel
crossbeam to the supporting structure.

VSL provided the pull technology by means of a pulling
system via a steel crossbeam placed on the concrete face
of the sub-segment. After the segment was concreted
in the factory, the Phase 1 cables were tensioned and
pulled out to the projected position. Subsequently, a steel
crossbeam was fitted to the face of the currently extended
segment, over which the structure was secured, thus
establishing a fixed point in the production plan.

During dynamic tests, the natural shapes of the footbridge
and the response to a synchronous loading vertical
impulse of multiple persons, free pedestrian movement
and transverse impulse were monitored. The first
bending natural frequency was determined by testing
to be 1.099 Hz and the first torsional frequency was
determined to be 245 Hz. The maximum acceleration of
the superstructure is 0.09 m/s due to the induced force
according to Eurocodes.

SUMMARY

The footbridge was completed and opened to the public
in September 2023, reconnecting two parts of the city of
Cheb for pedestrians and cyclists. All stages of the project
documentation were prepared by the company Strasky,
Husty and partners.

Fig.4 View of completed
pylons

Obr.4 Pohled na dokoncené
pylony

Fig.5 View of the completed
structure

Obr.5 Celkovy pohled

na lavku
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This footbridge over the Elbe River in Hradec Kralové is an extraordinary structure made of modern
materials and using innovative technologies. The proposed structural solution was a real challenge for
architects, designers, and contractors, requiring close cooperation between them. The unique structural
system is a combination of a subtle bridge deck made of precast UHPFRC panels, slender steel ribs of
variable height, and main suspension cables. The design required the resolution of many complex details
that often exceeded the scope of applicable standards and regulations. The authors of the architectural
design are GEM.VISION, the designers are Valbek Ltd., implementation was carried out by a team of
Stavby mostl, part of the VINCI Construction CS Group, the UHPC elements were manufactured by
KS PREFA Ltd.

Lavku pres feku Labe v Hradci Kralové tvofi neobycejna konstrukce zhotovena z modernich materiald
a s vyuzitim inovativnich technologii. Navrzené konstrukcni feSeni bylo pro architekty, projektanty i doda-
vatele skutec¢nou vyzvou a vyzadovalo jejich uzkou spolupraci. Unikatni konstrukéni systém je kombinaci
subtilni mostovky z prefabrikovanych UHPFRC panell, stihlych ocelovych Zeber proménné vysky a hlavnich
nosnych kabell. Navrh si vyzadal feSeni mnoha slozitych detaill, které mnohdy presahly ramec platnych
norem a predpist. Autory architektonického navrhu je spolec¢nost GEM.VISION, projektanty spolecnost
Valbek s.r.o., realizaci provedl tym spolecnosti Stavby mostu, soucast skupiny VINCI Construction CS Group,
prvky UHPC vyrobila spoleénost KS PREFA s.r.o.

Fig. 1
over the Elbe River in Hradec

Pedestrian Bridge

Krélové
Lavka pro pési pres
Labe v Hradci Kralové

Obr. 1
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1 INTRODUCTION by several boundary conditions, particularly regarding the
location of the bridge within the city, the parameters of
the transported traffic, and the limitations arising from the

nature and location of the obstacles to be crossed.

The pedestrian bridge in Hradec Kralové connects the city
centre with the developing area around the Aldis congress
centre. The development of this area accelerated with the
construction of the new CSOB offices, and the bridge aims

to support further growth. 2 STRUCTURE

Cycle paths run along both banks of the Elbe River and
provide access to the area. The main purpose of the bridge
is to redirect cyclists and pedestrians from the nearby ring-
road bridge and facilitate movement between the two
parts of the city. The bridge will also provide convenient
access to the CSOB offices.

The bridge structure consists of two asymmetrical spans,
with the main span across the river reaching almost 69 m.
The main load-bearing elements are two fully-locked coil
cables with a diameter of 130 mm installed in an optimized
shape, ensuring structural stability. The bridge deck is made
of lightened precast UHPFRC elements through which

The final design of the bridge structure is based strictly
on the winning design from the 2014 architectural
and structural competition. It is a very complex project
involving not only the footbridge itself, but also a whole
range of related structures. The overall solution is defined

four unbonded prestressing cables pass. The deck and
bearing cables are connected by slender steel crossbars.
In the abutment area, UHPFRC elements are replaced with
steel crossmembers. The substructure design reflects the
modern appearance of the bridge deck.
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2.1 Design

The detailed design of the bridge and related structures
is based on the tender design respecting the original
concept proposed by the winning architectural com-
petition team. The design is complex and relies on a global
definition of geometry for all structural members. The final
geometry results from an optimized distribution of internal
forces and stiffness.

Several computational models were used for structural
analysis to capture the complex behaviour of the bridge
during construction and throughout its service life. For
detailed components, special 3D finite-element models
were applied. The results were verified by analytical hand
calculations.

2.2 Foundations and substructure

The foundations consist of micropiles (implemented in
situ) on the right river bank (abutment O1) and bored
reinforced concrete piles on the opposite side (pillar P2
and abutment O3). Precast bored piles are uncommon
in the Czech Republic, but their use brings advantages
typical for prefabrication, particularly better quality control
and time savings during on-site construction.

The substructure consists of two abutments and one pillar,
all made of reinforced concrete. A common feature is their
organic, curved geometry. The right-bank abutment (O1)
includes the main abutment and a small “bridge” over
utility lines supported by the abutment on one side and
two columns on the other. This solution allows repairs of
utility lines without demolishing the structure.

The pillar resembles a sculptural element rather than
a conventional bridge pier, with surfaces curved in two
directions. It is constructed from heavily reinforced C50/60
concrete and forms the fixed point of the bridge. The
connection with the steel structure is ensured by massive
shear steel threaded bars.

2.3 Prestressing system

The prestressing system consists of two groups of cables.
The upper prestressing cables provide compression
reserve in the structure, particularly in the joints between

5600
¢ 4500 .
I I
I I
I I

HANDRAIL WITH LIGHTING

STAINLESS STEEL RAILING POST
UHPFRC SEGMENT
LONGITUDINAL CABLES OF THE BRIDGE DECK  §
MONITORING SYSTEM CABLES

- 464+—1 300 —

STEEL STRUCTURE
LIGHTING SYSTEM

max 3 550

MAIN SUPPORT CABLES

STEEL CROSSBAR

the UHPFRC elements, while the bottom cables act as the
main load-bearing system of the bridge.

The main bearing elements are four fully-locked coil cables
with a diameter of 130 mm anchored to the deck using
a fixed and an adjustable cylindrical socket with a spherical
nut and washer. To ensure long-term durability, individual
wires are protected by a 95% Zn — 5% Al alloy coating
applied by a hot-dip process under controlled factory
conditions. Together with internal filling and zinc coating of
inner wires, this protection ensures high durability even in

Fig. 2
Obr. 2

Fig. 3
Obr. 3

Fig. 4
Obr. 4

Longitudinal section
Podélny fez

Cross section
Pricny fez

Prestressing system
Predpinaci systém
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Fig.5a,b,c  UHPFRC
segments
Segmenty

z UHPFRC

Fig. 5a, b, c
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aggressive environments. Material conformity and testing
followed international standards, verifying the modulus of
elasticity and minimum breaking force.

To eliminate initial inelastic strains, the cables were
prestretched to 50% of the minimum breaking force for
at least five cycles. Cable lengths and socket positions
were then precisely marked under specified loads and
controlled temperature conditions.

The cables are installed in an optimized spatial shape
defined by geometric requirements, including the
necessary clearance for ship navigation, and by structural
behaviour. They generate a virtual vertical force through
transverse steel beams corresponding to the dead-load
reaction at virtual supports and act as ties in a virtual
Vierendeel beam under live load. The cables are connected
to steel crossbars by clamps and are curved in both
longitudinal and transverse directions. Separate cables are
used for the main and side spans to avoid corrosion-
sensitive saddle details and reduce friction losses.

The cables were assembled in their final position before
installation of the steel crossbars and precast UHPFRC slabs.
During prestressing, clamps allowed sliding to reduce
friction losses and were fixed afterwards, integrating
the cables into the final structural system. Prestressing
gradually lifted the structure from the temporary support
system until the final geometry and required cable stresses
were achieved. Tensioning was performed using four
Fig.6  Railing -
Fig.6  Zabradli
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THE FOOTBRIDGE OVER THE ELBE RIVER IN HRADEC KRALOVE

systems operating simultaneously, each capable of pulling
up to 535 tons, while the bridge geometry was checked by
topographic survey.

Full compression of the bridge deck in the serviceability
limit state is ensured by four unbonded prestressing cables
passing through the UHPFRC slabs. These cables increase
compression mainly in joints between segments, while
part of the compression effect is also provided by the
low-rise arch geometry of the superstructure. Each cable
consists of 13 strands anchored in the steel abutment

segment.

. 2 ety = ¥
o e - “ J
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The prefabricated system enabled rapid installation and
tensioning, reducing construction time, costs and on-site
waste while ensuring high quality control throughout the
system life cycle.

2.4 Steel structure

In areas above the abutments and pillar, UHPFRC
segments are replaced by steel crossmembers filled with
self-compacting concrete. These members provide rigid
anchorage for the prestressing system.

Another part of the steel structure consists of slender
crosshars connecting the concrete deck slabs with the
bearing cables. During construction they are supported by
braces that are removed after prestressing.

The crossbars continue geometrically into the railing
columns. The handrail follows the structural grid and
consists of elements of the same length as the deck
segments. An LED strip integrated into the handrail
illuminates the bridge deck.

2.5 UHPFRC segments

The bridge deck consists of a total of 39 precast segments
made of UHPFRC (37 standard segments and 2 haunched
segments located in front of and behind the pier). The
segments consist of a pair of longitudinal edge beams and
a thin slab connecting the beams. A pair of transverse ribs
is designed to ensure sufficient rigidity of the segments
and to place the external prestressing cables. The joint
between the segments was filled with high-strength
cement grout before the prestressing of the bridge deck
and before the tensioning of the main load-bearing cables.

The architectural character of the bridge places high
demands on surface quality. The walking surface contains
a periodic anti-slip pattern created by a matrix in the
mould. The remaining surfaces also meet requirements
for fair-faced concrete with smooth texture, minimal pores
and uniform colour.

The properties of fresh UHPFRC allow for perfect concreting
of all details of variously shaped elements, and thanks to the
mechanical parameters of UHPFRC, savings in construction
materials are achieved. The physical properties of UHPFRC
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guarantee minimal surface permeability and ensure a long
service life for the structure. In addition to its aesthetic
qualities, the walkable concrete surface of the bridge deck
also eliminates the costs of constructing and maintaining
conventional walkable surfaces that use various types of
isolation, for example.

2.6 Long-term monitoring

The behavior of the structure depends on the interaction
of all components and on the precise geometry and
prestressing forces. It was therefore necessary to monitor
the geometry and stresses in key elements during
construction and throughout the bridge’s service life.

The bridge is equipped with an automatic monitoring
system that continuously records data and transmits it to
the control center. The measured values are compared with
theoretical predictions. Computational analysis defined
the permissible limits for the monitored parameters. The
system automatically evaluates the structure’s response
to external influences, such as loads and temperature
changes, and sends reports to the control center.

3 CONSTRUCTION METHODS

Construction was complicated by limited space on the
site, which prevented storage of materials or components.
Deliveries therefore had to follow a strict just-in-time
schedule. The site also contained 27 underground utility
lines, which prevented the use of heavy machinery. The
contractor addressed this issue by installing a gantry
crane operating along the entire length of the bridge. Its
runway was supported by the same temporary structure
that carried the bridge components during assembly.
The electric crane also provided environmental benefits
compared with diesel-powered equipment.

The distinctive shape of the pillar required complex
formwork. The contractor therefore used prefabricated
formwork elements manufactured in a plant and
assembled on site, which also helped achieve the required
quality of fair-faced concrete.

During the assembly of the superstructure, the bridge
was supported by a combination of heavy and light
scaffolding. The heavy scaffolding foundations consisted
of rammed HE300B steel profiles installed using a 30-ton
excavator with a piling rig operating from a pontoon. In the
longitudinal direction, cold-rolled steel beams supported
both the bridge structure and the crane runway. The

scaffolding deck supported the main cables and steel
crosshars during installation.

The assembly process proceeded in several steps. First,
the cables were installed, followed by the installation of
the steel ribs. Subsequently, the UHPFRC segments were
placed one by one using a gantry crane with a balance
beam. The segments were delivered and stored on the
left river bank. During installation, the geometry of the
bridge was continuously adjusted. After all segments were
installed, the joints were filled, followed by tensioning of
the prestressing and bearing cables.

4 CONCLUSIONS

The pedestrian bridge and related structures were put into
operation in March 2023. The bridge has thus become
a significant landmark in this part of Hradec Kralové
and one of the largest applications of the innovative
UHPFRC material in the country. We succeeded in creating
a truly exceptional structure in every respect, one that
exceeds the usual standards of construction practice in
terms of its requirements for precision and quality. The
entire implementation process was carried out in close
cooperation between all partners involved (architects,
designers, manufacturers, contractor). This was the only
way to meet the theoretical requirements of the design
and successfully translate them into the final form of the
work.

We greatly appreciate the investor's support and
courage in implementing this project. Together, we have
achieved a milestone in the design and construction of
bridge structures using current theoretical knowledge,
technologies, and know-how.

Fig.7a, b Pedestrian Bridge
over the Elbe River in Hradec
Krélové

Fig.7a,b  Lavka pro pési
pres Labe v Hradci Kralové
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MOST PRO PESI A CYKLISTY PRES REKU BECVU

Fig. 1 Bridge across
the Becva River

Obr.1  Most pres feku Becvu

Fig.2 Elevation
Obr.2  Podélny fez
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This bridge across the Becva River with a total length of 145.50 m is suspended on outwardly inclined suspension
cables of three spans of lengths 15.75 + 105.00 + 15.75 m. The bridge deck, assembled of precast segments, is
prestressed by unbonded cables; the suspension cables are made of locked coil strands, the suspenders are
formed by steel rods. The function of the bridge was verified by detailed static and dynamic loading tests.

Most pres reku Becvu celkové délky 145,50 m je zavésen na vné sklonénych visutych kabelech o tfech polich
délek 15,75 + 105,00 + 15,75 m. Mostovka sestavena z prefabrikovanych segmentt je pfedepnuta nesoudrz-
nymi kabely, visuté kabely jsou z uzavienych lan, zavésy jsou tvoreny ocelovymi ty¢emi. Funkce mostu byla
ovéfena podrobnymi statickymi a dynamickymi zatézovacimi zkouskami.

The Becva River bridge, which is located between the
villages of Usti and Cernotin, is part of the ‘Bec¢va’ cycle
path connecting cities Velké Karlovice and Tovacov. The
bridge is in a crest elevation with a radius of 1,705 m and
tangents at the longitudinal slope of 5.26% — see Fig. 1.
The width between the railings is 3.50 m.

STRUCTURAL AND ARCHITECTURAL DESIGN

The bridge forms a suspension structure with the main
span of 105 m. The 137.70 m long deck is suspended at
its outer edges on outwardly inclined suspension cables
of three spans of lengths 15.75 + 105.00 + 15.75 m — see
Fig. 2. The maximum vertical sag of the suspension cables
in the middle of the main span is 12.00 m.

The bridge deck made of C70/85 concrete is composed
of 45 3.00 m long precast segments and two 1.35 m

long end cast-in-place diaphragms — see Figs. 3 and 4.
The joints between the segments are made of self-

compacting high-strength concrete. The 43 inner
segments have a double-tee cross-section formed by
edge 040 m deep beams and a deck slab, which are
reinforced by end diaphragms. The two end segments
are solid. The bridge deck is longitudinally prestressed by
2x2 cables formed by 22 monostrands led at the edge
beams.

The suspension cables are made of locked coil strands.
The cables are connected by forks to anchor plates
anchored in the pylons and end abutments - see
Fig. 5. The suspension cables are fix connected with
the mid-span segment. During erection, the segments
were mutually connected by steel joints, to which the
suspenders are attached. To reduce the bending stresses
of the deck, the deck’s suspension at the pylon was
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omitted. The deck is connected to the abutments by
hydraulic dampers attached to anchor plates of the
prestressing cables.

The 1850 m high V-shaped pylons are made of C40/50
concrete. The pylon uprights with an inclination angle of
200 from the vertical have a constant pentagonal cross-
section. In the lower part, the uprights are connected to
each other up to a height of 3.00 m by a reinforcing wall
0.50 m thick. The pylons are fixed into foundation slabs
supported by piles with a diameter of 900 mm.

The tensile force from the suspension cables is transferred
to the end abutments, which are supported by drilled
piles anchored by ground anchors. The bridge deck is
supported on pairs of neoprene bearings at the end
abutments. Vertical bearings situated between the
deck edges and the pylons uprights ensure transfer of
horizontal forces from the bridge deck to the pylon.

The structure was analyzed as a spatial structure
assembled from either beam or shell elements. A modal
analysis of the structure was performed to evaluate
pedestrian comfort and wind effects. Aerodynamic
stability was verified by checking the ratio of the
corresponding torsional and bending frequencies,
which was greater than the recommended value of
2.5. Pedestrian comfort was assessed according to fib
Guidelines for the footbridge design. A dynamic load
test confirmed that the structure is sufficiently stiff and
that the movement of the structure induced by dynamic
loads acting in both the vertical and horizontal directions
does not cause discomfort to users.

BRIDGE CONSTRUCTION

After construction of the abutments and pylons, the
suspension cables were installed and tensioned: first the
cables of the back spans, then the cables of the main
span. Considering the shallow depth of the river, it was
possible to erect the segments by cranes situated at
the riverbed. Deck assembly began with the suspension
of the middle segment. After its connection with the
suspension cables, the other segments were gradually
suspended in directions from the center of the bridge
to both abutments with the maximum unbalanced
weight of one segment. During assembly, the bridge
deck gradually changed shape, first following the convex
shape of the suspension cables, later the deck gradually
changed into the designed concave shape. After the
joints between the segments were cast, the structure was
prestressed and the hydraulic dampers were installed.

CONCLUSIONS

The bridge has a very slender deck; it is light and
transparent. It has a minimal impact on the environment.
Thanks to the appropriate arrangement of structural
elements economically stressed by normal forces, it is
sufficiently rigid and comfortable for users. The bridge
was well accepted by inhabitants of connected villages
and users of the cycle path.
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The construction of the footbridge began in the fall
of 2020, and it was officially opened on June 29, 2023.
The client of the bridge is the Microregion Hranicko
together with the State Fund for Transport Infrastructure.
The design of the bridge is the work of the firm Strasky,
Husty a partnefi, s.r.o., Brno. The general contractor was
a Joint venture of firms Eurovia CS, as. Praha and KKS,
s.ro, Zlin. Erection of the structure was performed by firm
FIRESTA-Fiser, a.s., Brno.

Fig.3 Deck cross section
Obr.3  Pri¢ny fez mostovkou

Fig.4 Bridge cross section
Obr.4 Pricny fez mostem

Fig.5 Bridge structure
Obr.5 Konstrukce mostu
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Fig. 1
Obr. 1

View of the bridge
Celkovy pohled
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This pedestrian and cycle bridge over the Opava River connects the Silver Lake recreational area with the
municipal park in Opava. The construction of the footbridge was part of the revitalisation of the Silver Lake
area. The footbridge’s design is based on a concept developed by Link Projekt, who prepared the entire
project from start to finish — from the initial study in 2010 to the final construction completed in 2023.
Designed as a single-span integrated suspension structure, the footbridge has a total span length of 61.7 m
and a slender, prestressed, cast-in-situ reinforced concrete deck with a variable width of 4.3-5.3 m and
a thickness of 0.19 m. It is suspended from tension cables anchored to 6.0 m high inclined steel pylons on
both sides.

Lavka pro pési a cyklisty pres feku Opavu propojuje rekreacni oblast u Stfibrného jezera s Méstskymi sady
v Opavé. Jeji vystavba byla soucasti komplexni revitalizace aredlu Stiibrného jezera, ktera zahrnovala také
terénni a krajinarské tpravy véetné uprav bieht jezera. Podoba lavky vychazi z navrhu spolecnosti Link pro-
jekt, ktera zpracovala cely projekt jako autorské dilo — od tivodni studie z roku 2010, pfes jednotlivé stupné
projektové dokumentace, az po vypracovani realizacni dokumentace v roce 2023. Lavka je navrzena jako
jednopolova integrovana visuta konstrukce s délkou pfemosténi 61,7 m. Mostovka je tvorena stihlou Zele-
zobetonovou predpjatou monolitickou deskou tloustky 0,19 m proménné sirky 4,3-5,3 m s oboustrannym
zavésenim na visutych kabelech kotvenych do sklonénych ocelovych pylont vysky 6,0 m.
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BASIC PROJECT DATA

DEFE VG UL Fully integrated suspension structure

780m
678 m, single span
43-53m

. Ministry of Finance with participation
of the City of Opava

Link projek sro.

Metrostav a.s., Swietelsky stavebnf s.r.o.

PERIOD:

ARCHITECTURAL AND STRUCTURAL DESIGN

The 78.0-metre-long footbridge is designed as a single-
span suspension structure, emphasising clarity, simplicity
and structural efficiency. The deck consists of a slender,
0.19 m thick, cast-in-situ reinforced concrete slab made
of C40/50 concrete with edge stiffening ribs. Near the
abutments, the slab’s height gradually increases to reach
the full height of the ribs. The deck is integrally connected

The deck is suspended from a pair of REDAELLI FLC 80 ‘full
locked cable’ suspension cables. This solution ensures
straightforward installation, as well as efficient long-term
maintenance and inspection. With a span of 67.8 m and
a sag of 4.2 m, the suspension cables form a catenary in
the longitudinal direction. In the transverse direction, each
cable plane is inclined outwards. The cables are fixed to the
deck at its centre. At both ends, the cables are anchored
into the pylon heads via CYN 76 anchorage clamps. System
clamps with gusset plates (REDAELLI) are installed on the
suspension cables to connect the hangers. The hangers
are connected to the deck via steel gusset plates anchored
in the deck concrete. The standard hangers are spaced
at 450 m and are MACALLOY M24 bars made of S520
steel with turnbuckles for possible adjustment. The short
hangers near the centre of the footbridge are atypical
steel elements. The central cable clamp provides a fixed
connection to the deck to limit deck deflections.

The suspension cables are anchored to slender steel pylons,
each 6.0 metres high. The pylons are inclined longitudinally
towards the abutments. In the transverse direction, each

to the abutments at both ends of the footbridge. Prior
to connection with the abutments, the deck was post-
tensioned using cables placed in flat plastic ducts.

pylon forms a 'V’ shape. They have a closed trapezoidal
cross-section measuring 0.16-0.28 x 0.90 m and are fitted
with passive back ties made of flat steel plates. The pylons
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ARCHITEKTONICKY A KONSTRUKCNI NAVRH

Lavka celkové délky 78,0 m je navrzena jako jednopolova
visutd konstrukce s délkou premosténi 61,7 m. Pfi ndvrhu
byl kladen draz na cistou, jednoduchou a staticky efek-
tivni konstrukci. Mostovka je tvorena stihlou monolitickou
Zelezobetonovou deskou tl. 0,19 m z betonu C40/50 se
zesilenymi krajnimi zebry. Sitka mostovky je proménna,
u opeér je stfedni ¢ast desky postupné zesilena na plnou
vysku Zeber. Pfed spojenim s opérami pomoci petlicového
styku byla mostovka dodatecné pfedepnuta pomoci kabe-
|G vedenych v plochych plastovych trubkéch

Mostovka je zavésena na dvojici systémovych visutych
kabeld slozenych s ocelovych lan s uzavienou konstrukci —
Jfull locked cable” REDAELLI FLC 80, diky které je zajisténa
jednoduchost samotné instalace i nasledné budouci udrz-
ba a inspekce lan. Visuté kabely o rozpéti 67,8 m a vzepéti
4,2 m tvoif v podélném sméru fetézovku, v pricném sméru
je rovina visutého kabelu vné odklonéna. Kabely jsou vede-
ny mimo obrys mostovky, ve stfedni ¢asti lavky jsou kabely
pevné spojeny s mostovkou. Na koncich jsou nosné kabely
zakotveny do hlav pylonl pres kotevni objimky typu CYN
76. Pro pfipojeni zavésl jsou na visutém kabelu osazeny
systémové svérné objimky REDAELLI se sty¢nikovymi ple-
chy. Kmostovce jsou zavesy pfipojeny sty¢nikovymi plechy
zakotvenymi do betonové desky. Typické zavésy umisténé
v rozestupech 4,50 m jsou tycové MACALLOY M24 z ocel
S520 se systémovymi koncovkami doplnéné o napinédky
pro pripadnou rektifikaci zavesd. Kratké zaveésy u stfedu
lavky jsou feSené jako atypické zamecnické prvky. Stfredovy
zavés zajistuje pevné spojenti visutého kabelu s mostovkou
a je tvofeny sty¢nikovym plechem, ktery je pfisroubovan
na svérnou objimku visutého kabelu. Sousedni kratky za-
vés je tvofen oboustrannymi ,o¢nicemi” z plechu, které
jsou pripojeny ke sty¢nikovym plechm.

Visuté kabely jsou na koncich lavky kotveny v ocelovych
stihlych pylonech vysky 6,0 m, které jsou v podélném
smeéru odklonény k opérdm lavky, v pficném sméru ma py-
lon tvar pismene V" Pylony uzavfeného lichobéznikového
prarezu rozmeéru 0,16-0,28 X 0,90 m se zadnimi pasivnimi
tahly z ploché oceli jsou vetknuty do monolitické Zelezo-
betonové opéry. Na horni ¢asti pylonu je navarena kotevni
trubka visutého kabelu, ktera je na konci opatfena rozna-
Secf ocelovou deskou s kruhovym otvorem pro priichod
kotevni objimky visutého kabelu. Ocel pylonu je S355, ocel
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zadniho téhla $420. Krajni opéry jsou tvofené masivnimi
zelezobetonovymi bloky z betonu C35/45. Zalozenf lavky
je hlubinné na vrtanych pilotdch profilu 900 mm vetknu-
tych do zékladu. ZaloZeni je doplnéno na obou opérach
o mirné odklonéné trvalé zemnf kotvy, které zabezpecuji
tlakové naméhani zadnf fady pilot pro stala zatizen.
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Fig.2 Structural
arrangement

Obr.2  Konstrukenf
usporadani

Fig.3 Longitudinal section
Obr.3  Podélny fez

Fig.4 Cross section
Obr.4 Pricny fez

Fig.5 Steel pylons
Obr.5 Ocelové pylony
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Fig.6 Construction
sequence
Obr.6 Postup vystavby

Fig.7 Tensioning

of suspension cables
Obr.7 Napinani visutych
kabell

Fig.8 Falsework removal
Obr.8 Odskruzenf mostovky
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are embedded in the reinforced concrete abutment.
A steel tube for anchoring the suspension cables is welded
to the top of each pylon and fitted with a distribution plate
containing a circular opening for the cable anchorage
clamp. The pylon steel grade is S355 and the back tie
elements use S420 steel. The end abutments consist
of massive reinforced concrete blocks made of C35/45
concrete. The structure is founded on 900 mm diameter
bored piles embedded in the foundation block. These piles
are supplemented by slightly inclined permanent ground
anchors to ensure compression in the back row of piles
under permanent loads.

STATIC AND DYNAMIC ANALYSIS

Nonlinear static and dynamic analyses were performed
using a global 3D frame model in Midas Civil. The

computational model included all load-bearing elements
and captured their geometric and material properties. This
included a sensitivity analysis of subsoil stiffness through
the horizontal elastic supports of the piles. A detailed
analysis of construction stages and service conditions was
carried out, incorporating the time-dependent behaviour
of concrete. Optimising the geometry of the suspension
cables minimised the bending effects on the deck caused
by permanent loads.

A stability analysis was performed on the pylons and
deck, which act as the primary compression elements. This
was followed by a dynamic analysis. The latter included
the determination of natural frequencies and vibration
modes, as well as a serviceability assessment for pedestrian
comfort under harmonic excitation. The maximum vertical
acceleration induced by pedestrians moving on the bridge
was av = 0.5 m/s* which met the relevant code limits.

CONSTRUCTION SEQUENCE AND LOAD TEST

The construction procedure was developed in close
cooperation with the general contractor (Metrostav
— Division 1) and the footbridge contractor (Swietelsky
Stavebni), based on the structural concept and static
behaviour. Construction of the piles, foundations and
ground anchors was followed by the installation and
temporary fixing of the steel pylons. The deck was then
cast on fixed falsework and subsequently post-tensioned.
The second stage of abutment concrete was only poured
after post-tensioning had been applied, integrating the
deck with the abutments and pylons. While still on the
falsework, the main cables and hangers were installed.
The final structural shape was achieved by prestressing
the suspension cables, which also enabled the falsework
to be removed. During cable stressing, the forces of both
the cables and the hangers were continuously monitored
using strain gauges. Finally, the deck waterproofing, railings
and lighting, which were integrated into the lower handrail
and at the pylon bases, were completed.

Prior to being opened to the public, the footbridge
underwent static and dynamic load tests. These tests
confirmed the accuracy of the design analysis and the
quality of the construction. The dynamic test verified favou-
rable vibration behaviour that meets code requirements
and ensures user comfort.

CONCLUSION

The footbridge provides an important connection across
the Opava River, leading to the recreational area at Silver
Lake. Its design is based on clear structural principles and
simple architectural forms, as verified by detailed static
and dynamic analyses. Great attention was devoted to the
architectural appearance and lighting design. Thanks to
close collaboration between the designer and contractor,
the result is an excellent structure that is expected to serve
users safely, reliably and comfortably, while also becoming
a popular local landmark and recreational destination.

MATERIAL USAGE (SUPERSTRUCTURE)

o pes 11

STRUCTURAL STEEL S355 (PYLONS) 413t =
CONCRETE SLAB C40/50 829m? 0.25 m?
PRESTRESSING STEEL 26t 79 kg
REINFORCING STEEL 211t 64.1 kg
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STATICKA A DYNAMICKA ANALYZA

Nelinedrni statickd a dynamické analyza konstrukce byla
provedena na globalnim 3D prutovém modelu v progra-
mu Midas Civil. Vypocetni model obsahoval veskeré nosné
prvky s vystizenim jejich geometrickych a materidlovych
vlastnosti vcetné variantntho simulovani tuhosti podlozf
pomoci pruzného podepfeni pilot. Byla provedena detail-
ni analyza montéznich a provoznich stavi s podrobnou,
Casové zdvislou analyzou se zohlednénim reologickych
vlastnosti betonu. Peclivym ndvrhem geometrie visutych
kabelt bylo dosazeno miniméiniho ohybového nama-
hani mostovky od stalych zatiZenf. Pro pylon a mostovku
jako rozhodujici tlacené prvky byla provedena stabilitnf
analyza. Na statickou analyzu navazovala dynamicka ana-
lyza zahrnujici urcenf viastnich tvar( a frekvenci konstrukce
s naslednym posouzenim pohody chodcl na harmonické
buzeni pro kritické vlastnf tvary s dosazenym maximalnim
vertikdInim zrychlenim a, = 0,5 ms?, které bezpecné splriu-
je dovolené normové zrychlent.

POSTUP VYSTAVBY, ZATEZOVACi ZKOUSKA

Postup vystavby byl feSen v tésné spolupraci s generalnim
zhotovitelem stavby (spolecnost Metrostav — Divize 1)
a piimym zhotovitelem lavky (spolecnost Swietelsky sta-
vebni) na zékladé konstrukeniho feseni a statického plso-
beni konstrukce. Po zhotoveni pilot, krajnich opér a napnu-
ti zemnich kotev byly osazeny ocelové pylony s montaz-
nim zakotvenim do zékladd. Nasledné byla na pevné skruzi
vybetonovéna mostovka a bylo provedeno jejf pfedepnuti.
Po zmonolitnéni opér s mostovkou byly osazeny visuté
kabely se zavésy a jejich naslednym predepnutim ziskala
konstrukce vysledny tvar a doslo k odskruzeni mostovky.
Pri napinanf visutych kabell byla kontrolovana jak predpi-
naci sila ve visutych kabelech, tak byly pomoci tenzometr
sledovany sily v tyCovych zavésech. Nasledné byla dokon-
Cena izolace mostovky, osazeno zabradli a zkompletovédno
osvétleni lavky umisténé v dolnim madle zabradli a pfi
patach pylonu.

Lavka byla na zavér ptred uvedenim do provozu ovefena
statickou a dynamickou zatézovaci zkouskou, které potvr-

dily sprévnost predpoklad statického vypoctu, ale i kvalitu
stavby samotné. Pfi dynamické zkousce byla prokdzana
pfizniva dynamickd odezva konstrukce, ktera splfiuje nor-
mové pozadavky a zajistuje komfort uzivateld.

ZAVER

Lévka zabezpecuje duilezité dopravni spojeni pres feku
Opavu s rekrea¢ni oblasti Stffbrného jezera. Pfi ndvrhu bylo
uzito Cistych konstrukcf s jasnym statickym a konstrukénim
reSenim, které bylo vyvinuto a ovéfeno detailni statickou
a dynamickou analyzou. Velkd pozornost byla vénovana
architektonickému vyznéni a osvétlenf lavky. Diky Uzké
spolupraci projektanta a zhotovitele je vysledkem vyni-
kajici konstrukce a Ize pfedpokladat, Ze ldvka bude nejen
bezpecné, spolehlivé a komfortné slouzit svym uzivatelim,
ale stane se také vyhleddvanou spojnici pro odpocinkové
a rekreacnf aktivity.

SPOTREBA MATERIALU (NOSNA KONSTRUKCE)
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413t
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26t 7.9kg
BETONARSKA VYZTUZ 211t 64,1 kg

Fig.9 Suspension cables

and hangers

Obr.9 Visuté kabely a zavésy

Fig. 10  Side view

Obr. 10

Boc¢ni pohled
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PEDESTRIAN BRIDGE IN THE TYRESTA NATIONAL PARK, SWEDEN
LAVKA V NARODNIM PARKU TYRESTA, SVEDSKO

Fig. 1
Obr. 1

Tyresta Bridge
Lavka Tyresta

Fig.2 Bridge:(a) typical

cross section, (b) cross section
at abutments, (c) elevation
Obr.2 Lavka: (a) typicky
pricny fez, (b) pficny fez u opér,
(c) podélny fez
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The bridge forms a stress-ribbon of length of 74.40 m with a sag of 1.50 m. The deck is assembled of precast
segments and cast-in-place end segments which are fixed into the end abutments. Due to limited access to
the construction site the bridge was erected from the lake using construction equipment situated on ponto-
ons. Structural arrangement was developed on the bases of detailed static and dynamic analyses.

Lavku tvofi predpjaty pas délky 74,40 m a pravésu 1,50 m. Mostovka je sestavena z prefabrikovanych seg-
mentd a koncovych monolitickych segmentd vetknutych do opér. Vzhledem k omezenému pfistupu na
stavenisté byl most postaven z jezera stavebni technikou umisténou na pontonech. Konstrukcni usporadani
bylo navrzeno na zakladé podrobnych statickych a dynamickych analyz.

b o PR
The pedestrian bridge over Nyforsviken Lake connects
the Alby nature reserve with the Tyresta national park.
The parks are situated 25 km southeast of Stockholm.
The presented stress-ribbon structure is a result of the
architectural competition in which the first prize received
the design of the architectural firm Gottlieb Paludan
Architects, Denmark supported by the engineering firm
Strasky, Husty a partneri, Czech Republic.

STRUCTURAL AND ARCHITECTURAL DESIGN

The 864 m long bridge consists of a stress-ribbon deck
with a length of 74.40 m and a sag of 1.50 m. The stress-
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ribbon is fixed into 6.0 m long end abutments — see Fig. 2.
The deck is assembled from 31 segments with a length of
240 m; 29 inner segments are formed by precast members;
the end two segments are cast-in-place members in which
reinforcing bars protruding both from the neighboring
precast segments and the end abutments overlap with the
segment reinforcement.

The 345 mm deep segments from C50/60 have a double
tee cross-section formed by edge beams and a connecting
slab. On the outer faces short overhangs supporting the
railings are created. While the joints between segments
are filled with concrete, the joints between overhangs
remain free. The 50 mm wide joints were cast between
the segment faces provided with low forming corbels —
see Fig.3. All segments are supported by bearing cables
formed by 19 monostrands grouted in stainless steel pipes.
The steel pipes are connected to the deck by shear studs
welded to the pipes and cast in the segment joints.
The bridge deck is prestressed by 2 x 2 tendons led
in the edge beams. These tendons are assembled from
13 monostrands grouted in PE pipes.

The end abutments form anchor blocks for anchoring
both bearing and prestressing cables which overlap with
12 rock anchors formed by 19 strands — see Fig4. The
abutments are founded on rock.

BRIDGE CONSTRUCTION

Since the narrow approach hiking trails are formed from
wooden walkways, there was no access for construction
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equipment from both banks. Therefore, all equipment and
construction materials were transported to the bridge site
on pontoons.

At first the abutments were cast and rock anchors were
installed and tensioned. Then the erection strands carrying
the steel pipes were erected and tensioned. After that the
steel pipes were suspended on erection strands. After the
pipes were mutually welded, the monostrands forming
the bearing cables were pulled through the pipes and
tensioned to the designed stress.

The precast segments were erected from the centre of the
bridge to both abutments with the maximum unbalanced
weight of one segment — see Fig. 5. When all segments
were placed, the formworks of the end segments were
suspended on the end precast segments and on the
abutments, PE pipes in the joints were installed and
monostrands of the prestressing tendons were pulled
through the segments and abutments. After adjustment
of the tension in bearing cables, the joints between the
segments and the end segments were cast. When concrete
of the joints had sufficient strength, the prestressing
tendons were tensioned. Then the cables were grouted
and railings were erected. The bridge construction started
in 2021, and was completed in 2023 - see Fig. 6.

STATIC AND DYNAMIC ANALYSES

The structure was analyzed as a spatial structure
assembled from beam elements. The non-linear analysis
of the erection and service states started from the chosen
initial state in which the required geometry and stress state
were defined. The structure was analyzed by using Midas
Civil software.

The fact that the bridge deck is prestressed by un-bonded
cables formed by mono-strands guarantees that with any
deformation of the bridge deck, the tension in the cables
increases along their entire length. When the structure is
loaded by a live load, it deforms and corresponding radial
forces in the cables stabilize the structure and limit its
deformations. This creates a very stiff static system in which
the response to the movement of the structure from
pedestrian or wind loads is minimal.

A modal analysis of the structure was performedto evaluate
pedestrian comfort and wind effects. Aerodynamic stability
was verified by checking the ratio of the corresponding
torsional and bending frequencies, which was greater
than the recommended value of 2.5. Pedestrian comfort
was assessed according to Sétra Guidelines for the design
of footbridges. The structure is sufficiently stiff and the
movement and acceleration of the structure induced by
dynamic loads acting in both the vertical and horizontal
directions does not cause discomfort to users.

CONCLUSIONS

The bridge has a very slender deck; it is light and
transparent. It had a minimal impact on the environment
during the construction. The stress ribbon structure

does not disturb the beautiful environment, but rather it
complements it. Thanks to the appropriate arrangement of
structural elements economically stressed predominantly
by normal forces; it is sufficiently rigid and comfortable for
users. Since it does not have bearings and expansion joints
it requires minimum maintenance. The bridge was well-
received by users.

The client of the bridge is: Tyresé kommun, Stockholm. The
bridge was designed by AFRY, Stockholm for whom the
firm Strasky, Husty a partnefi, s.r.o, Brno developed the
structural design and worked out detailed static and
dynamic analysis. The bridge was built by PEAB, SWE.

345

Fig.3 Deckatjoints:

(a) cross section,

(b) longitudinal section at slab,
(c) longitudinal section at edge
beam

Obr.3  Mostovka ve sparach:
(a) pficny ez, (b) podélny

fez v desce, (c) podélny fez
krajnim trdmem

Fig.4 Longitudinal section
at the end abutments
Obr.4 Podélny fez krajnf
Oopérou opérou

Fig.5
cables
Obr.5 Segmenty na nosnych
kabelech

Fig.6 Tyresta Bridge
Obr.6 LavkaTyresta

Segments on bearing
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STRUCTURAL CONCRETE IN TRAM TUNNEL AND ROAD GALLERY CONSTRUCTION
UNDER CONSTRAINED URBAN CONDITIONS - 1/42 VMO ZABOVRESKA PHASE Il

KONSTRUKCNI BETON PRI VYSTAVBE TRAMVAJOVEHO TUNELU A SILNICNI GALERIE
V OMEZENYCH MESTSKYCH PODMINKACH - 1/42 VMO ZABOVRESKA, ETAPA II

Fig.1  Tunnel section
concrete work and formwork
Obr.1 Betonaz a bednéni
¢asti tunelu

Fig.2 The implementation
of waterproofing foil

Obr.2 Instalace
hydroizola¢ni folie
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The construction of the 1/42 VMO Zabovreskd, Phase Il, seamlessly followed the works carried out within
Phase | and thus became an integral part of the City Ring Road in Brno. The implementation of this project
eliminated a long-standing bottleneck where the existing two-lane 1/42 road had been constrained by the
Svratka River and the steep rocky slope of Wilson Forest. At the same time, the original alignment of the 1/42
road, which had run longitudinally parallel to the tram line, was removed. The completed project enabled the
widening of the road into a directionally divided four-lane carriageway, including the construction of a road
gallery. This also created new public space and a calm urban zone in the wider city centre of Brno. The tram
line is now routed through a newly constructed 500 m long tunnel. The total length of the project is 920 m.
Construction works commenced in December 2020, the road was opened to traffic in September 2024,
and full completion was achieved in 2025. In the same year, the project received the “Construction of the
Year 2025"” award. The article itself focuses on the project from the perspective of the Technical Supervisor
of the Investor (Assistant to The Engineer), particularly with regard to the supervision of compliance with
the prescribed quality and technical parameters. Structural concrete was used in the construction of the
tram tunnel, both in the section with a cut-and-cover lining and in the mined section. Reinforced concrete
structures were also designed and implemented for the retaining walls, and the road gallery, as well as the
control room and technical facilities.

Stavba 1/42 VMO Zabovreska, etapa Il, plynule navazala na prace provedené v ramci etapy | a jako takova
se stala soucasti Velkého méstského okruhu v Brné. Realizaci této stavby bylo odstranéno tizké hrdlo, kde
byla stavajici dvoupruhova silnice 1/42 omezena rekou Svratkou a strmym skalnatym svahem Wilsonova
lesa. Soucasné byl odstranén plvodni stav silnice 1/42 vedené v podélném soubéhu s tramvajovou trati.
Dokoncena stavba umoznila rozsifeni komunikace na smérové rozdélenou ctyfpruhovou silnici, véetné rea-
lizace silni¢ni galerie, ¢imz doslo rovnéz k vytvoreni verejného prostranstvi a klidové zény v SirSim centru
Brna. Tramvajova trat je nyni vedena v nové vybudovaném tunelu o délce 500 m. Celkova délka stavby cini
920 m. Zahajeni praci probéhlo v prosinci 2020, stavba byla uvedena do provozu v zafi 2024 a dokoncena
v roce 2025. V témze roce ziskala titul Stavba roku 2025. V samotném ¢lanku je kladen dtiraz na realizaci
z pozice technického dozoru investora (asistenta spravce stavby), zejména na kontrolu dodrzovani prede-
psanych kvalitativnich a technickych parametrl. V ramci stavby byly pouzity konstrukéni betony jak pfi
vystavbé tramvajového tunelu v ¢asti s pfesypanym osténim, tak v ¢asti s razenym osténim. Konstrukce ze
zelezobetonu byly dale navrzeny a pouzity pfi realizaci zarubnich zdji, silni¢ni galerie, jakoz i prostor fidiciho
velinu a technického zéazemi.

R b

SECURING THE SLOPE OF WILSON FOREST Before construction works in the Wilson Forest area could
begin, the slope had to be secured using protective mesh
and rock anchors. The total area covered with mesh was
approximately 10,000 m” Several types of anchors of
varying lengths were installed, with approximately 3,000

anchors used in total to stabilise the slope

Prior to commencing the main structural works, it was
necessary to stabilise the rock mass forming the slope of
Wilson Forest. The slope was located directly above the
future portals of the tram tunnel and the road gallery.

As part of the removal of the disrupted section of the

tram line, a closure of the section between the Pisarky Due to the instability of the rock mass and its limited

and Bréfova tram stops was required. Replacement bus
services were provided for passengers throughout the
closure period.

accessibility, the installation of these stabilisation measures
had to be carried out using rope access techniques and
specialised equipment.
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THETRAM TUNNEL

The largest volume of construction activities during the
first year of the project consisted of tunnelling works. The
tunnel was excavated using the New Austrian Tunnelling
Method (NATM), which involves staged excavation of the
tunnel profile in partial sections, allowing an immediate
response to adverse geological conditions encountered.

Excavation commenced in May 2021 and was completed
with the breakthrough of the top heading in the second
half of August 2021. The Contractor excavated the
332 m long tunnel in just over three months. Tunnelling
progressed continuously, with two to three blasting
cycles carried out per day. The advance length per round
ranged from 1.5 to 2.5 m. In total, more than 24,000 m® of
excavated material was removed.

Following completion of the excavation works, con-
struction of the primary lining and subsequently the
secondary lining proceeded without interruption. The
mined tunnel section was designed as a double-shell
structure with an intermediate umbrella waterproofing
system consisting of a welded waterproofing membrane
- seeFig. 2.

The total volume of concrete used for over-excavation
backfilling and tunnel lining amounted to approximately
4,500 m?, of which 2,300 m* constituted the secondary
lining. Considering the situation in the Czech construction
industry in 2021, when the sector was affected not only by
significant price increases but also by material shortages,
the Contractor implemented part of the primary lining
using fibre-reinforced concrete (polypropylene fibres
with the total amount used exceeding 6 tonnes), in which
the fibres partially replaced conventional reinforcement.

The tram tunnel consisted of two sections. The first
section, 162 m in length, was constructed as a cut-and-
cover structure. The second section, 332 m long, was
excavated in rock using the mining method.

The cut-and-cover tunnel structure was constructed of
cast-in-place reinforced concrete class C30/37, with a wall
thickness of 450 mm. Concreting was carried out using
a steel travelling formwork system, including counter-
formwork, with a segment length of 8 m. The formwork
system comprised not only the shuttering itself but also
equipment ensuring proper compaction of the concrete.
Concreting of a single segment took approximately
4 hours.

The tram tunnel cross-section was designed to ensure
safe two-way tram operation, including inspection
walkways on both sides with a width of 1.0 m. The tunnel
had a base width of 8.8 m and an internal height of 7.7 m.

The primary lining was constructed using sprayed
concrete with a thickness of 100-200 mm, reinforced
with lattice girders and welded wire mesh. Subsequently,
a protection and drainage layer consisting of 500 g/m’
geotextile and a 3 mm thick waterproofing membrane
was installed. The secondary lining had a thickness of 300
mm and was constructed of C30/37 concrete.

TRAM TRACK STRUCTURE

The tram track structure consisted of a reinforced
concrete slab made of C30/37 exposure class X1 concrete
with a Fimafob surface treatment (75-125 g/m?). The
slab was reinforced with welded wire mesh 150/150/8
with a 50 mm concrete cover and was constructed in
two stages over an underlying C16/20 exposure class X0
concrete base layer.

In the first stage, the lower reinforced slab was cast on
an anti-vibration mat. Its thickness varied according to
the transverse gradient defined by the track alignment.
The rails, including fastening systems and adjustment
sleepers, were positioned in the designed horizontal
and vertical alignment using adjustment screws prior to
casting the upper slab.

Fig.3 View of the track bed
(up) and the track structure
(down)

Obr.3  Pohled na kolejové
loZe (nahofte) a konstrukci
tramvajové trati (dole)
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Fig.4 Single-sided gallery
(up) and double-sided gallery
(down)

Obr.4 Jednostranna galerie
(nahofe) a oboustranna galerie
(dole)
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STRUCTURAL CONCRETE IN TRAM TUNNEL AND ROAD GALLERY CONSTRUCTION
UNDER CONSTRAINED URBAN CONDITIONS - 1/42 VMO ZABOVRESKA PHASE Il

KONSTRUKCNI BETON PRI VYSTAVBE TRAMVAJOVEHO TUNELU A SILNICNI GALERIE
V OMEZENYCH MESTSKYCH PODMINKACH - I/42 VMO ZABOVRESKA, ETAPA Il

In the second stage, the track and fastening system
were encased in concrete up to the level of the plastic
baseplates (minimum embedment depth 8 mm). The
upper slab had a constant thickness of approximately
290 mm.

The right and left tracks were concreted separately.
Expansion joints corresponded to the tunnel lining
construction joints at approximately 8.0 m intervals.
Drainage was provided by a transverse gradient directing
water into prefabricated concrete drainage channels
connected to the sewer system — see Fig. 3.

Service walkways were constructed along both sides
of the tunnel, supported either by concrete foundation
strips or by the structural slab, and separated by vertical
anti-vibration mats. Cable ducts and utility chambers
for communication and power lines were integrated
beneath and within the walkways. The total length of the
walkways was 500 m, with barrier-free connections to the
portal areas.

Road Gallery

In 2021, the Contractor carried out works not only on
the tram tunnel section but also on the stabilization
of retaining walls along the future tram alignment and
supported the construction of a pedestrian footbridge.

The footbridge was designed to provide a safe crossing
over Road 1/42. Other major construction activities
focused on the road gallery structure.

The designed gallery comprised two directly connected
parts: a single-sided gallery on Branch B of Road 1/42
(Zabovieskd), with a length of 247.7 m measured along
Axis B, covering the carriageway in the direction from
Pisarky to Krdlovo Pole; and a double-sided gallery —
an ecobridge spanning both carriageways of Road 1/42
(Branches A and B) — see Fig. 4. The ecobridge had
a length of 80.0 m measured along Axis A. Both parts
were divided into individual expansion units.

The single-sided gallery consisted of a reinforced concrete
frame structure with a continuous rear wall (on the
right-hand side in the direction of chainage), transverse
frame walls, and a front wall with light openings forming
a colonnade between Branches A and B.

The columns were connected to the frame beams by
rigid joints. At their base, the columns were monolithically
connected to the central foundation rib walls. The front
edge of the gallery roof slab was finished with a vertical
parapet and railing at the front and on the left-hand side
in the direction of chainage.

The foundation of the single-sided gallery was partly
shallow and partly deep, comprising bored piles with
diameters of up to 1,200 mm and variable lengths of
up to 12 m. In approximately the first half of its length,
the structure was extended on the right-hand side by
an emergency lay-by with a width of 3.0 m. The total
length of this extension, including the taper section,
was approximately 52.5 m. The final appearance of the
structure is shown in Fig. 5.

TRAM AND GALLERY CONTROL SYSTEMS

The Operational Technology Facility (OTF) was located
at the northern portal of the VMO and the tram tunnel,
near the end of Brafova Street, between the tram tunnel
and the slope of Wilson Forest. The OTF was positioned
adjacent to the outer lining of the tram tunnel and
partially extended into the existing hillside.
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As a pedestrian walkway was constructed above the
OTF within the backfill above the northern portal of the
VMO and the tram tunnel, the facility was predominantly
located below the proposed finished ground level. Only
the front fagade with the main entrances and a portion
of the roof—finished with washed aggregate paving
(cobblestone)—remained accessible.

All control systems and technological equipment within
the project were connected to the operations technology
facility (described above), where switchboards, sub-
stations, and other necessary equipment were installed in
dedicated rooms to ensure proper system functionality.

In the event of a failure or emergency, the dispatcher was
able to control traffic in both the tram tunnel and the
road gallery directly from the control centre located in
the operations technology building.

The transport and technology control system was
used to manage road and tram traffic as well as the
technological equipment of the tram tunnel. It ensured
the transmission of operational data to the central control
rooms. Under normal operating conditions, the system
monitored traffic and technological equipment in both
the tunnel and the gallery. In emergency situations, it
proposed traffic restrictions or tunnel/gallery closures to
the dispatcher and automatically activated the required
operational technologies according to predefined
scenarios.

In the event of a tunnel closure, the dispatcher was
able to control the traffic signals. The control system
also integrated individual subsystems, such as air quality
control, CCTV integration, and high-voltage equipment
control.

CONCLUSION

I/42 VMO Zabovieska represented an exceptionally
complex project combining a mined tunnel and a cut-
and-cover tunnel, extensive reinforced concrete struc-
tures, rock slope stabilisation, and advanced technological
systems within a constrained urban environment.

During the implementation phase, systematic control of
compliance with the design documentation, technical
standards, and the FIDIC Red Book contractual conditions
was essential. Particular attention was paid to the quality
of structural concrete, the execution of the primary and
secondary tunnel linings, waterproofing systems, and the
construction of load-bearing elements of the road gallery
and retaining structures. Equally important was the
supervision of geotechnical monitoring during tunnelling
works and the coordination and commissioning of
technological systems prior to opening the project to
traffic.

Despite challenging geological conditions and instability
in the construction materials market, the project was put
into operation within the planned timeframe and fully
completed in 2025. It can be concluded that rigorous
technical supervision, continuous quality control,
and effective communication among all construction
stakeholders were key factors in the successful delivery
of the project. The Author of the article acted as The
Engineer’s representative throughout the entire
construction period. Ultimately, the project represents
not only a significant improvement to transport
infrastructure in the City of Brno, but also an example
of well-coordinated delivery of a technically demanding
project while maintaining the required quality and safety
standards.

Fig.5 Completed structure
opened to traffic

Obr.5 Dokoncend stavba jiz
za provozu
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NEW BUBNY RAILWAY STATION BUILDING - STRUCTURAL DESIGN

Fig. 1

Construction site
overview

Obr. 1  Vyfez ze situace stavby
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The new Praha-Bubny railway station is part of the project “Modernizace trati Praha-Bubny (v¢.) — Praha-
Vystavisté (v¢.)” and is located in the centre of Prague. The project represents one stage in the development
of a new rail connection between the city centre and Vaclav Havel Airport, while simultaneously increasing
the capacity of the railway line between Prague and Kladno. The new station building is situated in close
proximity to the Vltavska metro station and tram stops as well as the old Praha-Bubny station. It will serve
as a major transport hub for passengers travelling towards the city centre from the directions of Kladno
and Kralupy nad Vitavou. The structure has an area of approximately 250 x 50 m and a height of 17 m. All
load-bearing structures are designed as reinforced concrete elements with high architectural and structural
performance requirements.

Nové nadrazi Praha-Bubny je soucasti stavby ,Modernizace trati Praha-Bubny (v¢.) - Praha-Vystavisté (v¢.)”
a nachazi se v centru Prahy v nedaleko ptivodniho nadrazi Praha-Bubny. Stavba je jednou z etap budovani
nového Zelezni¢niho spojeni mezi centrem Prahy a Letistém Vaclava Havla a soucasné zkapacitnénim spo-
jeni mezi Prahou a Kladnem. Budova nového vlakového nadrazi se nachazi na za¢atku modernizovaného
useku v tésné blizkosti stanice metra a tramvaji Viltavska a ptivodniho nadrazi Praha-Bubny a bude slouzit
jako dtlezita dopravni kfizovatka pro cestujici smétujici do centra mésta ze sméra Kladno a Kralupy nad
Vitavou. Nadrazni budova ma ptidorys o rozmérech cca 250 x 50 m a vysku 17 m a veskeré nosné konstrukce
jsou zelezobetonové s vysokymi pohledovymi i konstrukénimi naroky.

GENERAL INFORMATION ABOUT THE PROJECT construction of a multi-storey administrative building. The
railway track of the station is connected on the southern
side to the adjacent Bubny underpass structure and on the
northern side to the adjoining viaducts, which form part
of the modernisation of the entire railway section (Fig. 2).

The new Praha-Bubny railway station is part of the project
“Modernizace trati Praha-Bubny (v¢) — Praha-Vystavisté
(v¢)"and is located in the centre of Prague, close to the
original Praha—Bubny station. The project represents one
stage of the development of a new railway connection
between the city centre and Vaclav Havel Airport, while
simultaneously increasing the capacity of the railway line
between Prague and Kladno.

All load-bearing structures are designed as reinforced
concrete elements with high architectural and structural
performance requirements. The building follows a strict
architectural concept, and all visible reinforced concrete
structures are designed in white fair-faced concrete. These
include, in particular, the concourse columns, platform
columns, and the columns and slab of the roof structure.
Prior to the construction, concrete sampling and testing
was carried out in cooperation with specialists from TBG
METROSTAV sro. and the Klokner Institute of the Czech
Technical University in Prague. The selected concrete for

The new station building is situated at the beginning of
the modernised section near the northern end of the
Negrelli Viaduct, in close proximity to the Vitavska metro
station and tram stops as well as the original Praha-Bubny
station. It is intended to serve as a major transport hub
for passengers travelling towards the city centre from the

directions of Kladno and Kralupy nad Vitavou. In the future,
it will become the principal station on the railway line to
Véclav Havel Airport.

Construction started in spring 2023 and was finished in
autumn 2025. The client is Sprava zeleznic, s.0, and the
general designer is Metroprojekt a.s. The construction
works are carried out by a consortium consisting of
Metrostav TBR, OHLA 7S, and Elektrizace Zeleznic Praha.
The new station building itself is being implemented by
Metrostav TBR and Metrostav CZ (Fig. 1).

SO 01-61-01 - PRAHA-BUBNY RAILWAY STATION,
SO 01-62-01 - PRAHA-BUBNY RAILWAY STATION -
ROOFING STRUCTURE

The new station building has a plan dimension of
approximately 250 x 50 m and a height of 17 m. Passenger
concourses and operational facilities of the railway station
are located on the ground floor. Train operation takes place
on the first floor, which comprises a total of four tracks
and three platforms. Passengers access the platforms
by escalators and elevators. All platforms are covered by
a reinforced concrete roof structure with circular skylights.
In the southern part of the roof there is an accessible
terrace with a view of the city centre. In the future, the
client expects the utilization of the extensive roof area for

the load-bearing exposed structures achieves its white
colour through the addition of titanium white pigment.

CONSTRUCTION PROCESS

The first construction works involved the preparation of
a temporary railway track outside the station area in order
to maintain uninterrupted train operation. Subsequently,
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OBECNE INFORMACE O STAVBE

Nové nadrazi Praha-Bubny je soucasti stavby,Modernizace
trati Praha-Bubny (v¢.) — Praha-Viystavisté (v¢.)" a nachazi se
v centru Prahy v nedaleko ptvodniho nédrazi Praha-Bubny.
Stavba je jednou z etap budovéni nového zZelezni¢niho
spojeni mezi Prahou a Letistém Véaclava Havla a soucasné
zkapacitnénim spojeni mezi Prahou a Kladnem.

Budova nového vlakového nadrazi se nachdzi na zacétku
modernizovaného Useku u severniho konce Negrelliho vi-
aduktu a zaroven v tésné blizkosti stanice metra a tramvajf
Vltavska a pavodniho n&drazi Praha-Bubny a ma slouzit jako
dulezitd dopravni kfizovatka pro cestujici sméfujici do cent-
ra mésta ze smérl Kladno a Kralupy nad Vltavou. V budouc-
nu pUjde o hlavnf stanici na trati na Letisté Vaclava Havla.

\iystavba byla zahajena na jafe roku 2023 a dokoncena byla
na podzim roku 2025. Objednatelem stavby je Sprava Ze-
leznic, s. 0., a jejim generdlnim projektantem Metroprojekt
Praha a.s. Stavbu provéadi sdruzeni firem Metrostav TBR,
OHLA 7S a Elektrizace Zeleznic Praha. Objekt nové nadraz-
ni budovy realizovaly Metrostav TBR a Metrostav CZ (obr. 1).

SO 01-61-01 - ZST PRAHA-BUBNY,
SO 01-62-01 - ZST PRAHA-BUBNY - ZASTRESENI

Novd nadrazni budova mé ptdorys o rozmérech cca 250
X 50 m a vysku 17 m. V pfizemnim podlazi se nachdzi
vestibuly pro cestujici a zazemf Zelezni¢nf stanice. V prv-
nim podlazi probfha viakova doprava. Jsou zde celkem
Ctyfi koleje a tfi nastupisté, na kterd se cestujici dostanou
pomoci eskaldtord a vytahU. VSechna néstupisté jsou za-
stfeSena jednotnou betonovou konstrukci s kruhovymi
svétliky. V jizni ¢asti zastiedenti je navic terasa s vyhledem
na centrum hlavniho mésta.V budoucnu uvazuje investor
o vyuzitl velké stfesni plochy pro vystavbu nékolikapat-
rového administrativniho objektu. Priibézné kolejisté na
nadrazi je napojené na jihu na sousedni stavbu Podjezd
Bubny a na severu na prilehlé estakady, které jsou soucasti
modernizace celého Useku (obr. 2).

Veskeré nosné konstrukce jsou Zelezobetonové s vysoky-
mi pohledovymi i konstrukénimi naroky. Stavba podléhd
architektonickému navrhu a vsechny viditelné Zelezobeto-
nové konstrukce jsou navrzeny z bilého pohledového be-
tonu. Jedna se zejména o sloupy vestibuld, sloupy néstu-
pist a sloupy a desku zastfedeni. Pfed zapocetim vystavby
pohledovych konstrukci probéhlo vzorkovani betonu ve
spoluprdci se specialisty z TBG Metrostav s.r.o. a Kloknerova
ustavu CVUT v Praze. Zvolend varianta pro nosné pohle-
dové konstrukce je beton, jehoz bilé barvy je dosazeno
pfidanim pigmentu z titanové béloby.

PRUBEH VYSTAVBY

Prvnimi pracemi na stavbé byla pfiprava provizorni koleje
mimo prostor nadrazi, aby byl zachovén vlakovy provoz.
Nasledné probéhlo odstranéni pvodniho kolejisté v celém
prostoru stavby a v kvétnu 2023 zapocaly zemni prace pro
zaloZeni nového nadrazi. Cely objekt je podélné clenén
do péti dilatacnich celkd DC1-DC5 o rozmérech zhruba
50 x 50 m, které urc¢ovaly postup vystavby. Nejprve probi-

hala vystavba dilatacnich celkd DC1, DC3 a DC5, kde jsou
umisténé vestibuly a nasledné stavba pokracovala dila-
tacnimi celky DC2 a DC4, kde jsou spojovaci chodby mezi
vestibuly (obr. 3).

Objekt nadrazi je zalozen celkem na 493 velkopr(-
mérovych pilotdch délky 4,5-9 m, na kterych je nasledné
provedena zakladova Zelezobetonové deska o mocnosti
0,8-2,5 m. Deska je ¢lenéna na mnoho stavebnich celk
jednak pro Usporu betonu a také pro vedeni kanalizace
a dalsich technologif.

Sloupy vestibulli jsou provedeny z bilého pohledového
betonu dle architektonického ndvrhu a pro optimalni pro-
storové fesenf vysledné stavby je zde pouZito nékolik rdiz-
nych prdrezd sloupd. Jsou zde ctvercové a obdélnikové
sloupy, dale sloupy kruhové o riznych prdmérech a ta-
ké sloupy ovélné. Pro dosazené pozadované pohledové
kvality byl navic pouzit beton se zpomalenym narlistem
pevnosti (90denni). Vyska sloupl je 4,7 m, a i kdyz se jedna
o noshou konstrukci budovy, zatizeni a dimenze sloupU
odpovidaji spide mostnim konstrukcim — sloupy nesou
desku nadrazi s ndstupisti, provozovanymi kolejemi, a navic
do nich prechazi také zatizeni ze zastreseni celého nadrazi
a budouci vystavby na stfeSe nadrazi (obr. 4).

V listopadu 2023 probéhla betonaz prvni stropni desky
vestibull DC1. Jedna se o Zelezobetonovou desku tloustky
0,8 m, kterd slouzi jako nosna konstrukce nadrazi. Béhem
nasledujicich dvou mésict byly vybetonovany desky DC3
a DC5 a na zbyvajicich dilatacnich celcich, kde nejdou
vestibuly pod néstupisti, probéhla vystavba zakladovych
patek sloup.

ZastreSen/ je také svymi rozméry blize k mostnim kon-
strukcim nez standardnim pozemnim stavbam. Sloupy
jsou v rastru priblizné 9 m, jsou provedeny ze stejného be-
tonu a podléhajf stejnym narokdim jako sloupy vestibuld,

Fig.2 Architect’s visualization
Obr.2 Vizualizace architekta

Fig.3 Foundation slab,
insulation

Obr.3  Podkladni beton
aizolace pod ¢lenénou
zakladovou deskou
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NEW BUBNY RAILWAY STATION BUILDING - STRUCTURAL DESIGN

NOVA BUDOVA NADRAZi BUBNY - KONSTRUKCNI CAST

Fig.4 First floor columns
Obr.4  Sloupy a steny
vestibuld
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the original track layout within the entire construction
site was removed, and in May 2023, earthworks for the
foundations of the new station commenced. The entire
structure is longitudinally divided into five expansion
units (DC1-DC5) with approximate dimensions of 50 X
50 m, which determined the construction sequence.
Construction initially focused on expansion units DCT,
DC3, and DC5, where the concourses are located, followed
by units DC2 and DC4, which contain connecting corridors
between the concourses (Fig. 3).

The station building is founded on a total of 493
large-diameter driven piles with lengths ranging from
45 m to 90 m. A reinforced concrete foundation slab
with a thickness varying between 0.8 m and 2.5 m is
constructed on top of the piles. The slab is divided into
multiple construction sections, both to optimise concrete
consumption and to allow for the installation of sewer
lines and other technical services.

The concourse columns are executed in white fair-
faced concrete in accordance with the architectural
design. Several different column cross-sections are used
to achieve an optimal spatial arrangement of the final
structure, including square and rectangular columns,
circular columns of various diameters, and oval columns.
To achieve the required surface quality, concrete with
delayed strength development (90-day) was used. The
columns have a height of 4.7 m and, although they form
part of a building structure, the applied loads and column
dimensions correspond more closely to those typical
for bridge structures. The columns support the station
slab with platforms and operating railway tracks and also
transfer loads from the roof structure and the planned
future structures on top of the station roof (Fig. 4).

In November 2023, the casting of the first platform slab
in unit DC1 was carried out. This reinforced concrete slab
has a thickness of 0.8 m and serves as the primary load-
bearing structure of the station. During the following
two months, the slabs of units DC3 and DC5 were cast. At
the same time in the remaining expansion units without
concourses beneath the platforms, the construction of
column footings took place.

Due to its dimensions, the roof structure is also closer
in character to bridge structures than to standard
building construction. The columns are arranged in

a grid of approximately 9 m and are made of the same
concrete and subject to the same requirements as the
concourse columns. However, they are nearly 10 m tall
and geometrically more complex. The columns are very
slender and therefore heavily reinforced, and they also
accommodate electrical installations and roof drainage
systems. During construction, this resulted in a highly
complex spatial arrangement of individual elements;
nevertheless, thanks to close cooperation between the
designer, structural engineer, and skilled craftsmen, all
challenges were successfully overcome (Fig. 5).

After completion of the columns in the first expansion
unit, construction of the roof slab commenced. The slab
was cast on a fixed spatial falsework system in April 2024.
The roof slab has a thickness of 0.8 m and includes circular
openings with a diameter of 46 m for prefabricated
skylights. The casting of the slab was carried out using two
different concrete mixtures simultaneously: pigmented
concrete with titanium white for the underside surface,
slab edges, and visible edges of the skylight openings,
and non-pigmented concrete for the remaining volume
of the slab. The total volume of concrete in each roof
expansion unit ranges from 1,200 to 1,400 m?. Individual
roof expansion units are structurally separated, and strip
bearings are installed at their interfaces to transfer vertical
loads (Fig. 6 and 7).

Atthe end of July 2024, the casting of the final roof slab was
completed, and the installation of prefabricated skylights
was finished in the autumn. At the same time, all remaining
works were carried out in the service areas, concourses,
railway tracks, and platforms. These included casting of
staircases and escalator ramps, installation of elevators
and escalators, construction of partitions, installation of
all technical systems, application of waterproofing and
thermal insulation layers, cladding, plastering, floor
installation, and other necessary works required for the
completion of the building.

CONCLUSION

The resulting structure represents a railway station
of unigue dimensions within the Czech Republic,
constructed using new methods and modern materials,
achieving the highest standards of structural performance
and architectural quality. The total volume of materials
comes to 26,000 m® of concrete and 5200 tonnes of
reinforcing steel. The total duration of construction of the
load-bearing structure was 15 months.

The project also includes the revitalisation of the entire
surrounding area of the former railway brownfield in
Bubny, with the aim of creating a modern and pleasant
urban environment. The new station will offer excellent
transport accessibility due to its proximity to metro, tram,
and bus lines and will further contribute to the integration
of public transport and suburban railway services (Fig. 8).
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s tim rozdilem, Ze jsou témér 10 m vysoké a tvarove sloZi-
téjsi. Sloupy jsou velice stihlé, z pochopitelnych ddvodu
silné vyztuzené a prochazf jimi elektroinstalace a odvod-
néni zastfeSeni. Béhem realizace jsme se tedy potykali
s komplikovanym prostorovym usporadanim vsech prvkd,
ale diky spolupraci s projektantem, statikem a Sikovnymi
femesIniky se zadafilo (obr. 5).

Po dokoncenti sloupl na prvnim dilatacnim celku probéhla
vystavba desky zastfeSenti. Ta se betonovala na pevné pro-
storové skruzi v dubnu 2024. Deska zastfeseni ma tloustku
0,8 m, obsahuje otvory priiméru 4,6 m pro stfesni prefab-
rikované svétliky. Betondz desky probéhla ze dvou beto-
novych smésf soucasné. Z betonu s titanovou bélobou, ze
kterého je provedeny spodni povrch, boky desky a viditelné
hrany otvor( pro svétliky. Soucasné s tim probihala betonadz
z betonu bez pigmentu, ktery je v nepohledovém objemu
desky. Celkové mnozstvi betonu v kazdém dilata¢nim celku
zastfeSeni je 1200-1400 m?. Jednotlivé dilatacni celky za-
stfeSeni jsou navzdjem oddélené a pro prenos svislych zati-
Zenf jsou na rozmezi instalovéna pasova loziska (obr. 6 a 7).

Na konci cervence 2024 probéhla betonaz posledni des-
ky zastfeSeni a na podzim také montdz prefabrikovanych
svétlikd. Zaroven probéhly veskeré prace v zdzemli, ve ves-
tibulech, na kolejisti a nastupistich. Jednalo se o betonaz
schodist a ramp pro eskaldtory, montaz vytaht a eskalatord,
budovani pricek a instalaci veskerych technologii, provede-
ni hydroizolacf a tepelnych izolaci, realizaci obkladd, omitek,
podlah a dalsi nezbytné prace pro dokonceni objektu.

ZAVER

Viyslednou konstrukci je nadrazi jedinec¢nych rozmeér(
v CR, provadéné novymi postupy, z modernich materiald
v nejvyssi konstrukéni a pohledové kvalité. Celkem bylo
pouzito 26 000 m? betonu a 5200 tun betonarské vyztuze.
Celkova doba realizace nosné konstrukce byla 15 meésicd.

Soucésti stavby je také revitalizace celé prilehlé oblasti
byvalého Zelezni¢niho aredlu v Bubnech, ktera mé za cil
vytvofit moderni a pffjemny prostor. Nové nadrazi bude
mit také dobrou dopravni dostupnost, jelikoZ se nachaz
v blizkosti metra, tramvajf a autobusovych linek, a nadale
prispéje k propojeni MHD a pifméstské viakové dopravy
(obr. 8).

POUZITE PODKLADY

Realiza¢ni dokumentace ,Modernizace trati Praha-Bubny
(v¢) — Praha-Vystavisté (v¢)’, projekt stavby, Metroprojekt
Praha a.s, 08/2021

Mapové podklady — www.mapy.com, Seznam, a.s., 2024

Fotografie — realiza¢ni tym Metrostav TBR a.s.

Fig.5 Scaffolding and
supports for the roof slab
Obr.5 Pfiprava skruze
pro desku zastfesenti

Fig.6 Reinforcement
of the roof slab
Obr.6 Vyztuz desky zastfeseni

Fig.7 Roof without falsework
Obr.7  ZastfeSeni
po odskruzent

Fig8 Finished roof structure
Obr.8 Dokoncena nosna
konstrukce
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Fig.1 View of the completed
building

Obr.1 Pohled na hotovou
budovu
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The area of Cerna louka in Ostrava on the left bank of the Ostravice River was for many years considered one
of the less attractive parts of the city, with little reason for residents or visitors to visit. Two new buildings
forming part of the Ostrava University Campus have radically transformed this area, and the surrounding
land is now widely used by the public for active recreation and cultural activities. The facilities for sport and
behavioral health, together with the Arts and Design Cluster and landscaping along the left bank of the
Ostravice, have become a prominent new landmark in this part of the city.

Uzemi Cerné louky v Ostravé na levém biehu Ostravice dlouhé roky patfilo k t¢ém nep¥ili$ ptivabnym misttim,
které obyvatelé ani navstévnici mésta neméli divod navstévovat. Dvé nové budovy, patfici do kampusu
Ostravské univerzity, toto misto radikélné proménily a celé prilehlé tzemi je nyni vyuzivano Sirokou verej-
nosti k aktivnimu odpocinku i kulturnimu vyziti. Zézemi sportu a behavioralniho zdravi i Klastr uméni a de-
signu spolecné s upravami okolniho terénu na levém bfehu Ostravice se pravem staly novou vyhledavanou

dominantou této c¢asti mésta.

The University Facilities for Sport and Behavioral Health
are part of the newly developed Ostrava University
campus on the left bank of the Ostravice River in Cerna
louka — see Fig. 1. They are adjacent to another new
campus building, the Arts and Design Cluster.

The sports facility includes a central sports hall for ball and
selected racket sports with a capacity of 550 spectators,
halls for gymnastics, aerobics and fitness, a climbing
wall, locker rooms, teaching spaces including a lecture
hall and classrooms, as well as research and monitoring
facilities, laboratories for sports science, magnetic
resonance imaging, and staff offices — see Fig. 2. An
indoor running track with four lanes is located up to the
fourth above-ground floor. It is directly connected to the
laboratories for movement biomechanics and behavioral
health, providing the possibility of direct kinetic and
kinematic measurements. The running track extends
beyond the building envelope in curved sections,

forming the main architectural feature of the facility -
see Fig. 3, Fig. 4, complemented by a terraced facade
with stepped seating for up to 1,000 spectators. A green
roof is publicly accessible and includes a workout area
and an outdoor running track. The basement houses
parking for visitors and the general public.

The project was initiated in 2017 with documentation
for a building permit, followed by detailed construction
documentation in 2019. Construction proceeded from
2020 until autumn 2022, when the building was handed
over for use.

The building has a hybrid load-bearing system comprising
a reinforced concrete frame, steel elements for long-
span floor and roof structures, and suspended arches
supporting the running track. The building is divided by
structural expansion joints into three parts, each with
different functional layouts in the above-ground storeys.
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The building is founded on large-diameter bored piles
acting together with a 300 mm-thick foundation slab,
reinforced with strip footings beneath columns to
a thickness of 700-1000 mm. Beneath the main piers,
where four piles are designed, the foundation pit also
serves as a pile tie.

The basement load-bearing structure is monolithic
reinforced concrete. Vertical elements include perimeter
walls, internal core walls, and columns. Horizontal
elements consist of floor slabs, reinforced with beams
or column capitals in critical areas. Column spacings are
irregular, ranging from 4.5 m to 10.8 m. Column cross-
sections are predominantly square, 400 x 400 mm, while
the main massive piers supporting the steel roof trusses
at the third floor have cross-sections of 1000 x 2000 mm
- see Fig. 5. The floor slab above the first basement

Fig.2 Climbing wall
level is 300 mm thick, with the maximum beam depth

Obr.2 Horolezecka sténa

Fig.3 Running track
Obr.3  Bézecky oval

Fig.4 Running track

interior
Obr.4 Bézecky oval — interiér
Fig.5 Column with a brace
- support of steel trusses
Obr.5 Pilif se vzpérou
- podepreni ocelovych vaznikd
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Fig.6 Stairway tower
Obr.6 Schodistova véz
Fig.7 3D model

of the construction

Obr.7 3D model konstrukce

Fig.8 Tension rods
of the steel structure

of the running track

Obr.8 Tahla ocelové
konstrukce bézeckého ovélu
Detail

) of the

of the connec

Obr.9 Detail pFibojem’téhe\

Fig. 10  Night view
of the completed building
Obr.10 Nocni pohled na

dokonéenou stavbu

UNIVERSITY FACILITIES FOR SPORT AND BEHAVIORAL HEALTH

- HYBRID LOAD-BEARING SYSTEM

UNIVERZITNI ZAZEMi SPORTU A BEHAVIORALNIHO ZDRAVI - HYBRIDNI NOSNA KONSTRUKCE

including the slab reaching 700 mm. The substructure is
provided with a full waterproofing system.

The above-ground storeys feature a combination of
internal and perimeter columns together with core walls
acting as lateral stiffening elements. Floor slabs are
predominantly monolithic reinforced concrete, locally
provided with column capitals and perimeter stiffening
beams.

In the southern end, the roof of smaller halls is formed
by prefabricated prestressed girders with a span of
16.5 m and a height of 1.55 m, supporting 150 mm-
-thick prestressed hollow-core floor slabs. At this level,

a setback storey is located, with a steel load-bearing
structure.

The central section includes a two-storey multipurpose
sports hall at the first-floor level. Stair towers projecting
in front of the building on both shorter sides contain
monolithic staircases, service shafts, and an elevator
shaft — see Fig. 6. The tower walls are 300 mm thick.
Surrounding the hall are circulation floor slabs 250 mm
thick, edged with perimeter beams of total height
400 mm. Monolithic spectator stands are provided along
the longer side at the lowest level.

Project design and construction required meticulous
coordination among all parties. Structural drawings
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for both concrete and steel elements were developed
in 3D models to minimize clashes and address con-
struction details at the design stage — see Fig. 7. In the
reinforcement detailing, particular attention was given
to the placement of rebar at nodes connecting steel

KONSTRUKCNI BETON V CESKE REPUBLICE 2022-2025
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structures and fabricated steel elements — see Fig. 8,
Fig. 9, which was time-intensive but ensured that the
complex structure was completed without major issues.

The documentation was developed within the company
Recoc Ltd.

uilding
Obr. 11 na stfechu
dokoncené budovy

Fig. 12 Multipurpose sports
hall
Obr. 12 Viceucelova hala

3 nall
Obr. 13 Gymnasticky sal

Fig ¢
of t ction
Obr. 14 3D model
konstrukce
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TRAM STOP ‘VYSTAVISTE’ IN PRAGUE HOLESOVICE
TRAMVAJOVA ZASTAVKA VYSTAVISTE V PRAZE HOLESOVICICH

Fig. 1
Obr.1  Tramvajova
zastavka Vystavisteé

Fig.2 Structural
arrangement: (a) front
elevation, (b) side elevation,
(c) plan, (d) detail of the
connection of the roof with
the column,

Obr.2  Konstrukeni
usporadani: (a) celni pohled,
(b) bocni pohled, (c) padorys,
(d) detail spojeni stiechy

Tram stop ‘Vystaviste’

Jiti STRASKY

'_ | Jan NOVACEK Petr TOMECKA Strasky, Husty a partnefi, s.r.o.
: Strasky, Husty a partnefi, s.r.o. Strasky, Husty a partnefi, s.r.o. & Fakulta stavebni VUT v Brné
I j.novacek@shp.eu p.tomecka@shp.eu j.strasky@shp.eu

The tram stop consists of structural members made of printed UHPC. The roof structure is formed by a plane
grid of mutually connected curved ribs. The grid is connected to the capitals supported by three columns.
The architectural design amplified the results of the analysis of the ‘form finding' The stop’s structure has an
economical organic shape given by a pure static action.

Tramvajovou zastavku tvofi konstrukcni prvky z tisténého UHPC. StfeSni konstrukce je tvofena rovinnym
rostem, ktery je sestaven ze vzajemné propojenych zakfivenych Zeber. Rost je uloZzen na hlavice podeprené
tremi sloupy. Architektonicky navrh umocnil vysledky analyzy ,hledani tvaru”. Konstrukce zastavky ma eko-
nomicky organicky tvar dany cisté statickym ptisobenim.

INTRODUCTION

On the edge of Prague’s Stromovka park, the first tram
stop from printed UHPC concrete was built — see Fig. 1.
The roofing superstructure was produced by a special
robotic arm of the Czech company So Concrete (www.
so-concrete.com) using Robotic Additive Manufacturing
technology. The stop includes a Plexiglas roof, a Plexiglas
side protective wall, an information panel and a bench,
as well as integrated LED lighting. Both the roof and the
side wall have polished graphic patterns enhancing the
structural solution of the roof. The surface of the concrete

se sloupem  floor panels was similarly treated.
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The architectural design of the tram stop was performed
by Federico Diaz, Dimitri Nikitin and Zavis Unzeitig, who
amplified the results of the analysis of the form finding’
carried out by the design office Strasky, Husty a partnefi,
Brno.

STRUCTURAL DESIGN AND STATIC ANALYSIS

The shelter with a floor plan of 8.06 x 2.50 m has a roof
structure consisting of a plane grid made of printed UHPC
- see Fig. 2. The grid, which is formed by a system of
mutually connected planarly curved ribs, is connected to
the capitals supported by three columns.

The shape and arrangement of the ribs resulted from
a concept developed by the famous Italian engineer
Piero Luigi Nervi, who developed ‘isostatic’ floor structures
formed of concrete slabs reinforced with ribs following the
course of the slab's principal moments. The procedure for
designing the shape and arrangement of the roof’s ribs is
clear — see Fig. 3, on which the magnitudes and directions
of the principal moments of an isotropic slab supported
at three points are plotted. From these directions, the
numbers and trajectories of the ribs were iteratively
derived so that their stresses were as uniform as possible.
The ribs were modeled by beam elements that were
connected to shell elements describing the function of the
column capitals. The structure was designed for Eurocode’s
loads; the structural members were verified according to
the Czech recommendation TP07 CBS.

The bench, which diagonally connects two columns, is
formed by a beam with overhangs. Its span is 2.90 m. It has
a solid cross section; however it is lightened by openings at
its edges in the central, supporting part.

The columns consist of a steel pipe 88.9x10 mm filled with
UHPC to increase their rigidity. The steel pipes are covered
by white UHPC. The pipes are welded to circular foot plates
anchored by six bolts. The columns support prefabricated
capitals supporting the ribs of the roof structure from
UHPC C110/130. During the assembly of the structure, the
columns were protected by a PVC pipe, which also served
as a formwork for casting of their cover.

All ribs have a constant depth and width of 60 mm — see
Fig. 4. At supports, the ribs are composite with the capitals
of depth from 40 to 140 mm. In order to reinforce the
ribs, they were created step by step — see Fig. 5. First,
a U-section was created, into which the reinforcement
was inserted and with the help of the special robotic arm
the free space was concreted. Even the actual U cross-
section was created incrementally. The side webs were
printed using Robotic Additive Manufacturing technology,
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between which the bottom flange was subsequently cast
using the same technology. Above the heads, the ribs
were formed only by the side walls, the space between
them was filled after their erection.

TRAM STOP CONSTRUCTION

During construction, the roof structure was divided into
six assembly parts. In the place of the joints, the filling in
the profiles was omitted and the reinforcing bars were
extended. After fitting the individual parts, the protruding
rebars were welded and the space between the side walls
of the ribs was filled with UHPC.

The capitals were concreted into formwork made of
extruded polystyrene using the same technology; the
shape of the heads was digitally milled in polystyrene. The
roof ribs are connected with the capitals with epoxy resin
and shear studs anchored in the capitals and in the rib in-
fill concrete. During construction, the capitals were placed
on steel rings welded to the columns’ steel pipes. At the
level of the rib bottom fibers steel plates were put on the
steel pipes and welded to them. To guarantee the transfer
of support bending moments, the protruding rebars of the
ribs were welded with these steel plates. Subsequently, the
space between the rib walls was filled with UHPC.

The bench is also composed of two interconnected
elements — the lower, supporting part and the sitting
slab part. The lower part was concreted into an extruded
polystyrene formwork. The upper part was created in
two steps. First, the outer contour and contours of the
bench openings were printed on the base plate. Then
concrete reinforcement was inserted between the holes
and the space between the holes was filled with UHPC.
Subsequently, the two parts were connected by epoxy
resin and studs.

The tram stop was built in the fall of 2022. When the
footings were completed, the composite columns were
erected and the bench was positioned. This was followed
by welding the columns steel rings and erection of the
capitals. The members of the roof structure were then
placed on a light stationary scaffolding and already erected

capitals. After welding of the joint rebars and then welding
of the rebars to the column connecting plate, the space
between the walls of the ribs was concreted. This was
followed by the removal of the scaffolding, the fitting of
the plexiglass roof, LED lighting and finishing work — see
Fig. 6.

CONCLUSIONS

The stop has an economical organic shape given by a pure
static action. It is elegant, interesting and unusual. Natural
principles have created a structure that is in harmony with
the surroundings, which does not overwhelm, but rather
complements them. The tram stop construction is the
result of an exemplary collaboration of artists, designers
and technologists who respect each other.

The tram stop’s architectural design, production and
construction were performed by the firm So Concrete a.s,
Praha. The form finding and structural design were carried
out by the design firm Strasky, Husty a partnefi, Brno.

Fig.3 Slab principal
movement trajectories
and derived rib geometry
Obr.3  Deskové hlavni
momenty a odvozena
geometrie Zeber

Fig.4 Rib cross section
Obr.4 Pricny fez zebrem
Fig.5 Reinforcing steel
inserted into the U section
Obr.5 Betonarska vyztuz
vlozena do U prirezu

Fig.6 Roof structure
Obr.6 Konstrukce stfechy
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This article describes the production and installation of precast grandstand elements made of lightweight
structural concrete for the Brno Multipurpose Arena. To reduce self-weight, LC35/38 D1.8 concrete was used,
with a required static modulus of elasticity Ec =~ 22 GPa and consistency of F5; approximately 1804 m> of
lightweight concrete was produced. The article presents a verified production procedure (controlled pre-
-wetting, extended mixing, and dosing of Liapor lightweight aggregate) and verification of physical and
mechanical properties, including static and dynamic testing of the finished elements.

Prispévek popisuje realizaci prefabrikovanych tribunovych dilci z lehkého konstrukéniho betonu pro
Multifunkéni arénu Brno. Pro snizeni vlastni hmotnosti byl pouzit beton LC35/38, D1,8 s pozadavkem na Ec
= 22 GPa a konzistenci F5; vyrobeno bylo cca 1804 m? lehkého betonu. Uveden je ovéfeny vyrobni postup
(fizené predmaceni, prodlouzené michani, davkovani lehkého kameniva Liapor) a ovéfeni fyzikalné mecha-

Fig. 1 Brno Multipurpose
Arena: installation of precast
grandstand elements made

of structural lightweight
concrete (LC35/38 D1.8)
during construction

Obr. 1 Multifunkeni aréna
Brno: montaz prefabrikovanych
tribunovych prvkd z lehkého
betonu (LC35/38 D1,8)

v pribéhu vystavby
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nickych vlastnosti véetné statickych a dynamickych zkousek hotovych dilct.

Structural lightweight concrete (LC) with ceramic porous
aggregate based on expanded clay Liapor offers an
efficient solution for precast grandstand elements,
reducing self-weight while maintaining the required
load-bearing capacity and stiffness. In practice, this
enables rationalisation of the load-bearing structure,
reduced foundation demands and faster erection
through element standardisation. Critical parameters for
stable production include moisture control and water
absorption of the lightweight aggregate, workability
stability over time, and the selected production concept
(pre-wetting / wetting water, accurate and stable
aggregate dosing, and mixing time).

The use of LC in grandstands has already been verified
in several Czech projects. For the Eden Stadium (Prague),
grandstand units were produced from LC35/38 D1.8,
as lightweight self-compacting concrete (LWSCC) with
requirements for fair-faced concrete quality. The project
confirmed the benefit of reduced unit weight, but also
the sensitivity of production to consistent workability
and dosing accuracy under varying Liapor moisture
conditions. At the Karlovy Vary multipurpose hall, LC
was applied to selected seating elements and corridor
walls; grandstand components such as stair treads and

bench elements were produced from LC25/28 D1.8.
The experience confirmed the importance of element
standardisation and an appropriate structural concept.

The Brno Multipurpose Arena design was prepared by
Arch.Design and A PLUS (designer / lead designer).
The general contractor is HOCHTIEF CZ a.s.; the precast
grandstand units were manufactured by Prefa Brno; the
Liapor aggregate was supplied by Liapor s.ro.; and site
erection was carried out by AZ Prezip a.s. The grandstand
precast units were designed using LC35/38 D1.8, with
a minimum required static modulus of elasticity Ec =
22 GPa. The required workability of fresh concrete was
specified as flow class F5. The scope comprised 987
L-shaped bench beams and 201 special elements, with
a total of 1,804 m? of LC with Liapor aggregate (Fig. 1, 2).

The constituent materials were CEM | 42.5 R cement,
Liapor aggregate 2/10 mm (bulk density approx.
650 kg/m?), natural aggregate 0/4 and 4/8 mm,
high-temperature fly ash and a PCE superplasticizer.
Continuous pre-wetting of the lightweight aggregate
was not applied. Workability stability was achieved by
controlled pre-wetting using approximately 40% of the
mixing water and by extended mixing (approx. 4 min), of
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Lehky konstrukeni beton (déle LC) s keramickym péro-
vitym kamenivem na bdazi expandovaného jilu Liapor
predstavuje pro prefabrikaci tribunovych dilct ucinnou
cestu ke snizenf vlastni hmotnosti pfi zachovani poza-
dované Unosnosti a tuhosti. V praxi to umoznuje racio-
nalizovat nosné konstrukce, omezit naroky na zalozeni
a zrychlit montaz diky unifikaci prvkd. Kritickymi parame-
try pro stabilni vyrobu jsou fizeni vihkosti a nasadkavosti
lehkého kameniva, stabilita konzistence v case a volba
vyrobniho postupu (pfedmaceni / smaceci voda, presné
a stabilni davkovani lehkého kameniva, doba michani).

Pouziti LC pro tribuny bylo v CR ovéfeno jiz na vice reali-
zacich. Pro stadion Eden (Praha) byly vyrdbény tribunové
prvky z LC35/38, D1,8 z lehkého samozhutnitelného
betonu (LWSCC) s pozadavky na kvalitu pohledového
betonu. Realizace potvrdila pfinos snizeni hmotnosti
prefabrikdtd, ale zaroven i citlivost a ndro¢nost vyrobnich
procesll na udrzeni stabilni konzistence a presnost déav-
kovani pfi rdzné vihkosti kameniva Liapor. V multifunke-
ni hale v Karlovych Varech bylo pourziti LC aplikovdno
na vybrané prvky hledisté a stény koridor(; tribunové
prvky, napt. schodistové stupné a lavickové prvky, byly
realizovany z lehkého betonu LC25/28, D1,8; zkusenost
potvrdila vyznam unifikace prvkd a volby vhodného
konstrukéniho resent.

Projekt Multifunkéni arény Brno zpracovala spole¢nost
Arch.Design a A PLUS (autor projektu a generalni pro-
jektant). Generdlnim zhotovitelem stavby je HOCHTIEF
CZ as., prefabrikované tribunové prvky vyrobila Prefa
Brno a lehké keramické kamenivo Liapor dodala spo-
leCnost Liapor s.ro, montdz na stavbé provadéla fir-
ma AZ Prezip a.s. Tribunové prefabrikaty byly navrzeny
z lehkého betonu tridy LC35/38, D1,8 s minimalni poza-
dovanou hodnotou statického modulu pruznosti Ec =
22 GPa. PoZzadovana konzistence cerstvého betonu byla
stanovena v tfidé F5. V ramci dodavky bylo vyrobeno
987 lavickovych nosnikd tvaru L a 201 kusd atypickych
prvkd ramen v celkovém objemu 1804 m? lehkého beto-
nu s kamenivem Liapor (Obr. 1, 2).

Pouzité vstupni suroviny byly cement CEM | 42,5 R, lehké
kamenivo Liapor frakce 2/10 mm, se sypnou hmotnosti
650 kg/m?, piirodni kamenivo frakci 0/4 a 4/8 mm, vy-
sokoteplotni Uletovy popilek a superplastifikidtor na bazi
polykarboxylatd. Na lehkém kamenivu nebylo predem
aplikovano kontinudlni smaceni. Stabilita konzistence
byla zajisténa fizenym predmécenim priblizné 40 %
zamesové vody a prodlouzenou dobou michani (cca
4 min), z ¢ehoZ cca 3,5 min pfipadalo na predmacent
lehkého kameniva.

Pro dosazeni presného objemu cerstvého betonu a sta-
bility vyroby bylo nutné upravit zplsob davkovani leh-
kého kameniva. Standardné pouzivané hmotnostni dav-
kovani je pro lehké kamenivo nevhodné, proto bylo
nahrazeno déavkovanim objemovym. Bézné kamenivo
a ostatni suroviny byly dadvkovéany obvyklym zptsobem.

Ovéfeni fyzikdlné mechanickych vlastnosti bylo prove-
deno kombinaci laboratornich zkousek zkusebnich téles

Fig.2 Manufacturing

of a precast grandstand

unit: casting into the mould
with installed reinforcement
(LC35/38 D1.8; flow class F5)
Obr.2  Vyroba
prefabrikovaného tribunového
prvku: betondz do formy

s osazenou vyztuzi (LC35/38,
D1,8; konzistence F5)
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a testovanim statické Unosnosti na vybranych prefab-
rikatech. Pevnost v tlaku byla stanovena na zkusebnich
krychlich o hrané 150 mm v stafi 7 a 28 dnd, soucasné
byla sledovédna objemovéd hmotnost betonu v nevysu-
seném stavu a vysuseném stavu (Tab. 1-2). Naméfené
hodnoty potvrdily dosazeni pozadované pevnostni
tridy LC35/38 pri odpovidajici objemové hmotnosti.
PoZadavek na tuhost byl ovéfen stanovenim statického
modulu pruznosti Ec na vyvrtech o priméru 150 mm
z hotovych prefabrikovanych prvkd (Tab. 3). Bylo proka-
zano splnéni minimalni hodnoty Ec = 22 GPa pfimo na
reprezentativnim prvku.

Pro posouzeni reprodukovatelnosti a stability vyroby
byly vyhodnoceny provozni kontrolni zkousky betonu
LC35/38, D1,8 na pravidelné odebiranych zkusebnich té-
lesech. Béhem vyroby bylo provedeno celkem 95 méfeni
objemové hmotnosti (nevysuseny stav) a pevnosti v tla-
ku a 71 stanoveni objemové hmotnosti ve vysuseném
stavu. Cilem bylo zhodnotit béznou variabilitu vyroby
a zachytit pripadné odchylky souvisejici zejména s vih-
kosti lehkého kameniva, konzistenci smési a nastavenim
davkovani a michani. Souhrnné vysledky jsou uvedeny
v Tab. 4. Kromé priméru a smérodatné odchylky je
doplnén koeficient variability, ktery umoznuje rychle po-
soudit stabilitu vyroby, a percentily PO5-P95, vymezujici
rozmez, ve kterém lezi 90 % provoznich hodnot. Casovy

Fig.3 LC35/38D1.8

— compressive strength
development over time with
EN 206 conformity lines
Obr.3 LC35/38D1,8 -
Vyvoj pevnosti v tlaku v ¢ase
s vyznacenim mezi shody
dle EN 206




TECHNOLOGY

TECHNOLOGIE

STRUCTURAL LIGHTWEIGHT CONCRETE LC 35/38 FOR PRECAST GRANDSTAND ELEMENTS

OF THE BRNO MULTIPURPOSE ARENA

LEHKY KONSTRUKCNI BETON LC 35/38 PRO PREFABRIKOVANE TRIBUNOVE DILCE MULTIFUNKCNI ARENY BRNO

which about 3.5 min was dedicated to pre-wetting the
lightweight aggregate.

To achieve an accurate fresh-concrete yield and stable
production, the dosing method for the lightweight
aggregate had to be modified. The standard mass-based
dosing was found unsuitable for lightweight aggregate
and was therefore replaced by volumetric dosing.
Normal-weight aggregate and the other constituents
were dosed in the conventional manner.

Verification of physical and mechanical properties
combined laboratory testing on specimens with static
load testing on selected precast units. Compressive
strength was determined on 150 mm cubes at 7 and
28 days; the concrete density was measured in both
non-dried and dried states (Tables 1-2). The measured
values confirmed achievement of the required strength
class LC 35/38 at the corresponding density. The stiffness
requirement was verified by determining the static
modulus of elasticity Ec on 150 mm diameter cores taken
from finished precast elements (Table 3). Compliance
with the minimum value Ec = 22 GPa was demonstrated
on a representative element.

To assess reproducibility and production stability,
routine production-control test results for LC35/38 D1.8,
were evaluated from regularly taken specimens. A total
of 95 measurements of density (non-dried state) and
compressive strength, and 71 determinations of density
in the dried state, were available. The objective was to
evaluate normal production variability and to capture
deviations related primarily to lightweight aggregate
moisture, mixture workability and the settings of dosing
and mixing. Summary results are given in Table 4.

Tab.1 Density and compressive strength after 7 days of curing
(non-dried state)

DENSITY [KG/M?] COMPRESSIVE STRENGTH
Fecuse [MPA]
1830 47.1
1840 46.9
1840 47.0

Tab.2 Density and compressive strength after 28 days of curing
(non-dried state)

DENSITY [KG/M3] COMPRESSIVE STRENGTH

Fecune [IMPA]
1790 543
1780 55.2
1790 549
1790 54.8

Tab.3 Static modulus of elasticity Ec — cores from finished
elements

22.11-1 152.7 143.0 1820 25500
22.11.-2 153.9 142.8 1780 23900
22.11-3 152.7 143.2 1800 23900

Tab.4 Summary statistics of production results (LC35/38 D1.

DENSITY (NON-DRIED STATE) [KG/M3] 1793.68

In addition to the mean and standard deviation, the
coefficient of variation is included for a quick assessment
of production stability, together with percentiles PO5-
P95 defining the range containing 90% of production
values. The time evolution of compressive strength is
shown in Fig. 3 with EN 206 conformity lines.

To verify the behaviour of lightweight concrete precast
elements, experimental tests were carried out at the
AdMasS research centre, Brno University of Technology,
Faculty of Civil Engineering, under the supervision of the
project’s chief structural engineer Ing. Vladimir Dibelka,
Ph.D. (PBK Chrudim a.s.). The programme addressed
static resistance, deformation levels under the expected
actions, and response under impact-type dynamic
loading. The tests were designed as a comparison
between a conventional reference concrete C30/37
and two lightweight concrete variants, LC25/28 D1.6
and LC35/38 D1.8. Static loading tests were performed
on beams 180 x 400 x 4000 mm in a test frame.
Results were evaluated using load-deflection diagrams
(kN vs. mid-span deflection, mm). Three specimens were
tested for each mix to compare scatter. The diagrams
show that LC35/38 D1.8 exhibits a significantly more
favourable response than LC25/28 D1.6 (higher load
level at comparable deflection). Compared with C30/37,
its behaviour is comparable even at higher deformation
levels, confirming suitability for the required service
actions.

In addition, an impact-type dynamic loading simulation
was performed on a full-scale grandstand element
(8580 x 510 X 940 mm) in a laboratory test frame using
a controlled hydraulic loading system and a contact
impact body. The loading history, deformations and
structural response to dynamic impacts were recorded
by instrumentation; documentation and evaluation are
provided in the test photograph and the accompanying
diagram (see Fig. 4 and 5). The above information is
based on materials provided by Ing. Vladimir Dibelka,
Ph.D.

The presented Czech applications, and in particular
the Brno Multipurpose Arena, confirm that struc-
tural lightweight concrete LC35/38 D1.8, provides
a technically and operationally reliable solution
for precast grandstand elements. Routine produc-
tion-control results and their statistical evaluation
demonstrate stable production quality in terms of
achieving the required density, compressive strength
and static modulus of elasticity. A key prerequisite
for reproducibility is monitoring and control of
lightweight aggregate moisture and stabilisation
of mixture rheology through controlled pre-wetting,
the use of an effective superplasticizer and adequate
mixing time. Experimental verification on finished
elements, including static loading tests and dynamic
impact loading, demonstrated stable element response
and supported the suitability of the selected material
and production concept for elements subjected to
long-term service loading.

PARAMETER - MEAN STANDARD DEVIATION | COEFFICIENT OF VARIATION --
(%)

DENSITY (DRIED STATE) [KG/M’] 71 1630.99

COMPRESSIVE STRENGTH F [MPa] 95 47.86

C,CUBE

42.73 2.38 1734 1843
48.64 298 1570 1680
3.67 7.67 41.24 53.56
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prabéh pevnosti v tlaku je zndzornén v Obr. 3 s vyznace-
nim mezi shody dle EN 206.

Pro ovéfeni chovani prefabrikovanych prvkl z lehkého
betonu byly ve vyzkumném centru AdMa$ Brno, Fakulty
stavebni Vysokého technického uceni v Brné, pod ve-
denim hlavniho statika projektu Ing. Vladimira Dibelky,
Ph.D. (firma PBK Chrudim), provedeny experimentaini
zkousky zaméfené na statickou Unosnost, hodnoty de-
formaci pfi predpoklddaném zatizeni a na chovani prvka
pfi razovém dynamickém zatizeni. Testovani bylo kon-
cipovéno jako porovnavaci mezi tradi¢nim referen¢nim
betonem C30/37 a dvéma variantami lehkého betonu
LC25/28 D1,6 a LC35/38 D1,8. Statické zatézovaci zkous-
ky byly provedeny na trdmcich 180 x 400 x 4000 mm na
ramovych zkusebnich lisech. Vysledky byly vyhodnoceny
pomoci pracovnich diagrami zatizeni—prdhyb (kN vs.
prihyb v 1/2 rozpéti, mm). Pro kazdou smés byly tes-
tovéany tfi prefabrikdty pro porovnani rozptylu chovani.
Z pracovnich diagraml vyplyvé, ze LC35/38 D1,8 vyka-

Tab.1 Objemové hmotnost a pevnost v tlaku po 7 dnech
zranf (nevysuseny stav)

OBJEMOVA HMOTNOST [KG/M3] PEVNOST V TLAKU F__ .. [MPa]
1830 47,1
1840 46,9
1840 47,0

Tab.2 Objemové hmotnost a pevnost v tlaku po 28 dnech
zrani (nevysuseny stav)

OBJEMOVA HMOTNOST [KG/M3] PEVNOST V TLAKU F_ .. [MPA]

1790 54,3
1780 55,2
1790 54,9
1790 54,8

Tab.3 Staticky modul pruznosti Ec — vyvrty z hotovych prvkd

OZNAC. D [MM] L [mm] D [ka/Mm3] Ec [MPA]
VYVRTU

22111 152,7 143,0 1820 25500
22.11.-2 1539 142,8 1780 23900
22.11-3 152,7 143,2 1800 23900

Tab.4 Souhrnnd statistika provoznich vysledkd (LC35/38 D1,8)

Pracovni diagramy - porovnani tramu

zatizeni [kN]

0 1 2 3 4 5
prihyb v 1/2 [mm]

— ZT1_C30/37 ZT4_1LC35/38
— ZT2_C30/37 ZT5_1LC35/38
ZT3_C30/37 — ZT6_LC35/38

zuje vyrazné priznivejsi odezvu nez LC25/28 D1,6 (vyssi
Urover zatizenf pfi srovnatelném prihybu). Ve srovnani
s tradi¢nim betonem C30/37 je jeho chovéni srovnatelné
i v oblasti vyssich deformaci, coZ potvrzuje vhodnost
volby na poZadované provozni zatiZeni.

Soucasné byla provedena simulace rdzového dynamic-
kého namahani na full-scale tribunovém prvku o rozmeé-
rech 8580 x 510 x 940 mm v laboratornim zkusebnim
ramu s fizenym hydraulickym zatéZovacim systémem
a kontaktnim ndrazovym télesem. Pribéh zatézovan,
deformaci a odezva konstrukce na dynamické razy byly
snimany méfici aparaturou; dokumentace zkousky a vy-
hodnoceni jsou uvedeny na fotografii ze zkousky a v pfi-
pojeném grafu (viz Obr. 4 a 5). Vy3e uvedené informace
jsou prevzaty ze zdrojd Ing. Vladimira Dibelky, Ph.D.

Predlozené realizace v Ceské republice a zejména rea-
lizace Multifunkeni arény Brno potvrzuji, Zze lehky kon-
strukéni beton LC35/38, D1,8 predstavuje pro prefabri-
kaci tribunovych prvkd technicky i provozné spolehlivé
feseni. Viysledky provedenych provoznich kontrolnich
zkousek a jejich statistické vyhodnoceni dokladaji stabil-
ni kvalitu vyroby z hlediska dosazeni pozadované obje-
mové hmotnosti, pevnosti v tlaku a statického modulu
pruznosti. Klicovym predpokladem reprodukovatelnos-
ti je monitorovani a fizeni vlhkosti lehkého kameniva
a stabilizace reologie smési prostiednictvim fizeného
predmaceni s vyuzitim Uc¢inné superplastifikacni prisady
a adekvatni doby michani. Experimentdlni ovéfeni na
hotovych prvcich vcetné statickych zatézovacich zkou-
sek a dynamického namahani prokézalo stabilni odezvu
prvkd a podpofilo vhodnost zvoleného materidlového
i technologického konceptu pro prvky vystavené dlou-
hodobému provoznimu naméhan.

PARAMETR N PRUMER SMER.ODCH. KOEFICIENT VARIABILITY P05 P95
(%)

OBJEVIOVA HMOTNOST 95 | 179368 42,73 238 1734 1843

(NEVYSUSENY STAV) [KG/M’]

OBJEMIOVA HMOTNOST | 71 1630,99 48,64 2,98 1570 1680

(VYSUSENY STAV) [KG/M7]

PEVNOST V TLAKU F_ .. [MPA] 95 47,86 3,67 7,67 41,24 53,56

ZT7_1C25/28
— ZT8_LC25/28
— ZT9_LC25/28

Fig.4 AdMaS Brno test
set-up: full-scale grandstand
element during loading

test (measurement

of deformations/deflection)
Obr.4  Zkusebni usporadani
v AdMas$ Brno: full-scale
tribunovy prvek z lehkého
betonu béhem zatéZovaci
zkousky (méfeni deformaci /
prahybu)

Fig.5 Load—deflection
diagrams: comparison

of beams made of C30/37,
LC25/28 D1.6 and LC35/38
D18.

Source: Ing. Vladimir Dibelka,
Ph.D. (PBK Chrudim)

Obr.5 Pracovni diagramy
zatizeni-prihyb: porovnani
trdma z betonu C30/37,
LC25/28 D1,6aL.C35/38 D1,8
(zatizenf [kN] vs. prihyb

v 1/2 rozpéti [mm]).

Zdroj: Ing. Vladimir Dibelka,
Ph.D. (PBK Chrudim)
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