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New Bridge Across the Vltava in Prague

Nouveau pont sur la Vltava ä Prague

Die neue Moldaubrücke in Prag

Jiri HEJNIC
Chief Engineer

Inst Traffic & Struct. Eng. Design
Prague, CSSR

*

Jifi Hejnic, born 1935, received his

civil engineering degree from the
Czech Technical University in
Prague, Czechoslovakia, in 1958. In

1976 he was awarded a PhD for his
work on thermal stresses in
concrete bridges. He has designed several

large prestressed concrete bridges
built in Czechoslovakia.

SUMMARY
A big and very irregulär prestressed concrete bridge across the river Vltava, in Prague, is at present
under construction. The paper presents information concerning the design, structural analysis, model
tests and construction of the bridge. Some interesting results of measurements made during the
construction are also included.

RESUME
Un pont en böton precontraint, de forme tres irreguliere, sur la riviere Vltava est en construction ä

Prague. L'article presente le projet, l'analyse structurale, les essais sur modele et la construction du

pont. Certains resultats interessants de mesures en cours de construction sont aussi mentionnes.

ZUSAMMENFASSUNG
In Prag wird eine grosse und sehr unregelmässig geformte Spannbetonbrücke über die Moldau gebaut.
Der Beitrag umfasst eine Beschreibung der Brücke, die Ergebnisse der statischen Berechnung und der
Modellmessungen sowie den Bau der Brücke. Einige interessante Ergebnisse der Kontrollmessungen auf
der Baustelle werden zusätzlich gezeigt.
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designed that the planes, in which the depth of the superstructure is constant,
are perpendicular to the axis of the central ring regardless of the continuously
variable skew of the bridge. Both halves of the bridge superstructure have a box
cross section with four webs of a constant thickness of 60 cm; the ramp has a
box cross section with two webs 80 cm thick. The upper flange of the box girder
is 23 cm thick in the more regulär part of the bridge; in the ramp with a clear
width of 6.30 m the thickness rises to 35 cm. The thickness of the lower flange
increases from 15 cm towards the supports to 90 cm in the haunches.

6 7

Ismichov \~>
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riaviqaiicx. chamel
B33

T 167 50—ß 33
^-9- B25

»wer.K
crouted sub-bas*

Hurry walls

Fig
- micropites—

2 - Longitudinal section along the bridge axis
While the design of the superstructure has been more or less conventional, the
form of the four main piers both in the river bed and on both river banks
designed by Ing. arch. Karel Filsak in unusual, while fully complying with the
requirements imposed on the substructure of this bridge. The piers meet the Vltava
water level or the ground level by a rounded shaft, supporting an oversized
prestressed concrete capping beam following the direction of the river flow and
river banks respectively (Fig. 3). The superstructures are supported by four
bearings, supported, in turn, by bearing walls, perpendicular to the capping
beam direction. Apart from visually relieving the superstructure and equalizing
the differences in height, longitudinal gradient and transverse pitch of the
bridge deck, these bearing walls have also an important structural function by
decreasing the skew of the bridge bearing.
The superstructure and the major part of the piers is of Class 40 concrete, mild
steel reinforcement of class 10 425 in dia. from 10 mm up to 32 mm. Prestressed
concrete reinforcement consists of steel cables of 1 dia. 5,5 mm and 6 dia.
5,00 mm tempered steel wires. The tendons, consisting of 12 dia. 15,5 mm cables,
have a nominal load bearing capacity of 2 000 kN. Vertical prestress of pier
capping beams and the webs of the superstructure and the longitudinal prestress
of the bridge deck flanges above supports will be ensured with dia. 32 mm

prestressing bars of class 10 607 steel. In transverse direction the superstructure
is not prestressed, being designed as a reinforced concrete structure.

II

ii n

Fig. 3 - Architectural view of the bridge pier with superstructure
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3. STRUCTURAL DESIGN

For the purpose of a detailed structural analysis it was necessary to define
first mathematically the complex form of the bridge structure in space, i.e. to
formulate a digital model of the bridge. For this purpose a general program for
a 9825 T Hewlett Packard calculator was prepared to solve, on the one hand, the
calculation of the coordinates of bridge edges, and that of structural
characteristics of cross sections on the other, and, finally, to draw the individual
cross sections on a plotter (Fig. 4). More than 650 such drawings were used
directly as shuttering drawings in the phase of working drawing design.

km - ii I0B0 i ¦¦ i00 Structural analysis was
elaborated by several
methods and supplemen-
ted with model tests
and measurments One

superstructure was
replaced with a grillage
of 360 nodes and 610

bars, solved for more
than 200 loading stages
(Fig. 5). To create the
most effective combination

of loading states
a special program was
prepared. The most
irregulär parts of the
structure, such as the
first right bank span,
the ramp and its
connection with the bridge
structure, were designed

by the finite
element method. With
regard to the irregula-
rity of form and the
necessity of the Solution

of the bridge as a

spatial structure a new
program System was
devised. For the design
of Antonin Zäpotocky
Bridge a technological
line was set up,
consisting of Hewlett
Packard 9825 T calculator

for data preparation
and design of

reinforcement, the IBM 370 Computer for the major part of structural analysis and
the Kongsberg DC 300 plotter for graphic Output.
The number of unusual tasks involved in structural analysis included also the
design of prestressed concrete capping beams of bridge piers. In case of pier
No. 5, situated near the connection of the ramp with the central ring bridge,
whose capping beam is stressed most of all beams, the internal forces attain the
following magnitudes: the bending moment M 307 MNm, torque K 22 MNm, and
shearing force T 55 MN. The extraordinary forces applied to the capping beam

are also reflected by its dimensions: height 5,0 m, width as much as 4,2 m. With
regard to the state of stress of the structure and reinforcement arrangement it
was necessary to concrete the beam without working joints; the almost 600 cu.m.

Cross section drawing generated on the
HP 9825 T plotter

Fig. 5 Statical scheme of a grillage for one
superstructure
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of Class 40 concrete had to be placed in a continuous process, without any
interruption. Since the contractor could not ensure the cooling of the concrete
mix or its components, it was necessary to analyze also the state of stress of
the structure due to the development of hydration heat.

4. MODEL TESTS

In the time of the preparation of working drawings three modeis of parts of the
bridge were also manufactured and tested. The reason for it was the extremely
irregulär form of the superstructure, complexities of load combinations and the
overall arrangement of the piers as well as the new method of structural analysis.

The model tests were intended to verify the correctness of assumptions of
structural analysis, ascertain the actual state of stress and strain of the
superstructure and the limits of load bearing capacity of the bridge pier. Al-
together two modeis of the most irregulär parts of the superstructure were made

of resin concrete and one model of the bridge pier of cement concrete.

The modeis of the superstructure on the scale 1 : 30 were not prestressed and

were tested only in regions of permissible stresses of the model material for
design loads. The resin concrete
used made it possible to manufacture
modeis of very complex shapes at
good workability and without the
origin of dangerous internal stresses

or volume changes. The unfavourable

effects of creep were reduced
in model tests to the minimum by the
selected load magnitude and the
Organization of tests. The load was

applied, on the one hand, in the
form of concentrated loads, and in
the form of surface loads on the
other. The model loading and the
test evaluation was ensured by the
Building Institute of the Czech
Technical Iniversity,Prague (Fig.6).
The pier model on the scale 1 : 10
was prestressed with cables and bars

analogously with the pier prototype and loaded
until failure. The capping beam of the model was

prestressed with 9 dia. 15,5 mm single cables,
and 4 dia. 12,5 mm wire cables which replaced the
tendons with a smaller diameter of curvature. The

region between the bearing walls and the outer
bearing wall were further prestressed verticaly
with dia. 10,5 mm bars of Class 10 607 steel,
similarly as the piers, to reduce the effect of
torsion and transverse flexure. The loading test
of the model was carried out by the Building
Research Institute in Vesell n. L.

The model failed under the combination of crushing

of the outer bearing wall and its shearing -
off along the capping beam surface (Fig. 7).
Almost simultaneously also the load bearing capacity

of the capping beam was exhausted, which was

destroyed above the pier shaft by mighty horizontal
cracks and began to crush in its lower part.

The loading test of the model has proved that dimensions of the pier, its pre-

^3

&W

Fig. 6 - One model of the superstructure
of resin concrete

"V

I
M s

Ii. t. \

Fig. 7 Crushed bearing wall
after pier model test
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the strain values, as in short time measurements concrete creep and shrinkage
can be neglected. Also the temperature changes were measured with maximum value
of 0,6 C, which corresponds the change of strain 0,3.10-6 which is under the
precision of strain gauges used.

In the time of the static loading tests eight test loading positions were
studied. One of them with 30 trucks in both largest spans is shown in Fig. 10.
The deformations' for the test loadings were calculated by the designer using the

same grillage scheme for the superstructure
as in structural analysis. The

measured values of deformations were
similar to the calculated, the mean
value of this ratio being 0,901. The
strains were measured in 18 cross
sections of the superstructure for all
8 test loading positions. An example of
calculated stresses from measured
strains for the last left bank span is
on Fig. 11, where the values in brackets

show the comparison with structural design values. In structural characteristics
of the bridge the cornices and other parts of reinforced concrete were not
calculated, and so the results of stresses in the upper flange are measured smaller

H
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Fig. 11 Measured and calculated
stresses for test loading

than calculated.
assumptions.

The measurements have proved a good agreement with design

7. CONCLUSION

The Antonln Zapotock^ Bridge is the biggest bridge under construction at present
in the framework of the basic highway system of Prague. Although - with regard
to the approved traffic engineering design - it was impossible to apply any of
the newly developed,progressive construction methods, it was an endeavour of
all partners in this project to create a work which could represent with dignity
the contemporary period of development of the capital of Czechoslovakia.
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