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Fig. 1: Launching of the north bridge, February 1998 (PIwlo courtesy of Jean Jekert

Introduction

Environmental concerns played an im-
portant role in the planning of the last
stretch of the Al highway between
Lausanne and Bern. which is currently
being completed in Switzerland.
Bridges and tunnels represent more
than 72% of the length of this stretch
of highway. One of the bridges is the
Vaux Viaduct. located near Lake
Neuchâtel. This steel-concrete com-
posite bridge, with launched main
spans of 130 rn (Fig. 1). is another step
of progress in composite bridge design
and construction in Switzerland over
the last three decades [1, 2].

The steel-concrete composite girders
are continuous over reinforced con-
crete piers with expansion joints only
at the abutments. Weathering steel
with a yield strength of 355 N/mm2 was
used for the closed box girders and
twin plate girders (Fig. 3) in the main
and approach spans. respectiveh. The
depth of the steel box girder varies lin-
early from about 6 m over the highest
piers to 3.90 m at the ends of the main
spans. A closed box girder was adopt-
ed because of the high torsional mo-
ments during launching and concrete
placement. The stability of the webs
and flanges is improved by means of
closed stiffeners, and transversal stiff-
eners and diaphragms are at 4.33-rn

and 13.00-rn centres, respectively. For
the box girder. 360 kg steel were used
per square metre of bridge deck. The
twin-beam steel section of the ap-
proach spans has a span/depth ratio of
21 and approximately 120 kg structural
steel per square metre of bridge deck.

The concrete deck slab has an average
and a maximum thickness of 0.29 m
and 0.40 m, respectively, and is pre-
stressed longitudinally and trans-
versally in order to reduce cracking.
Permanent compression of about
2.0 N/mm2 was introduced by prestress-
ing before the slab was connected to
the steel girders through grouped
shear studs.

Description

The Vaux Viaduct has a total length of
945 m and is composed of two parallel
bridges, one for each carriageway. The
north bridge has 13 spans and the
south bridge 14. and the deck width in
both cases is 13.46 rn. Each bridge
passes over the Vaux valley with two
130-rn main spans and approach spans
of between 40 m and 62 m (Fig. 2). The
central piers are nearly 100 rn high.
The horizontal alignment consists of
two 1000-m-radius circular arcs linked
by a clothoid. The vertical alignment
of the main spans is a constant gradi-
ent of 2.1%. which reduces to 1.3%
over the approach spans.

.
R= 1000 m

945 m

N

aunChmg

40 56 56 56 56 56 56 62 62 62 130 16 130 62 45

Fig. 2: Plan and elevation vieiis of the tlt'in bridges
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Fig. 3: Cross sections of the long (above)
and approach (be/ow) spans

Construction of the Steel
Structure

The steelwork was prefabricated and
transported to the site in sections up to
32 m long and 58 t in weight. Cranes
were used to place steelwork where
possible. otherwise spans were
launched. The curved box girders for
the main spans were launched from
the east abutment. The maximum can-
tilever during launching was 130 m. A
35-m-long launching nose was used to
reduce the bending moments in the
cantilever.

On average, a 32-rn section was assem-
bled and launched every two weeks.
However, after reaching a cantilever
of 80 m, a 50-m section was assembled
and launched in order to avoid prob-
lems due to high winds. At a launching
speed of about 10 m/h, one day was
enough to launch even the longest sec-
tions. The bridge was launched down-
hill and two sets of cables were there-
fore needed: one to launch the bridge
and the other to retain it. The weight
of the bridge for the final launch was
about 17 000 kN. requiring a jacking
force of 45() kN. Upon reaching the
end of a main span. the vertical deflec-
tion of the launching nose was 4.5 m.
Therefore. the bridge had to be lifted
onto the top of the pier.

The bridge was launched over pairs of
2-m-long sliding shoes on only one or
two piers and at the abutment. On the
piers. these shoes were fixed at the
same height as the final bearings, but a
mobile support was used at the abut-
ment to allow for the variable depth of
the girder (see below).

Design for Launching

During bridge launching, the static svs-
tern changes continually. Therefore.
each bridge position has to be verified
and the dimensions of flanges and
webs have to be adapted to resist the
varying internal forces and support
reactions. In addition to verifying bend-
ing. shear and torsion, special atten-
tion has to be paid to lateral torsional
buckling of the compression flange
and to the problem of patch loading of
the steel girder at the supports. The
latter is related to the stability of thin
webs under high in-plane compression
forces. As the bridge moves over the
supports, the reaction force is trans-
ferred through the thin web panels
between intermediate transversal stiff-
eners, rather than through the support
diaphragms provided for the final sup-
port positions.

In many panels. the loading during
launching was determinant. Therefore.
the web thickness was increased, com-
pared with that required for the final
in-service conditions, or vertical stiff-
eners were added. The resistance of
steel webs to in-plane compression
forces is not well known and several
questions are still open.

For example, the increase in the resis-
tance provided by the presence of lon-
gitudinal stiffeners or the influence of
the special support conditions due to
the flexible flanges of a box girder is
still a subject of research. The existing
models are not completely applicable
to this kind of girder. Table I gives the
resistance calculated according to four
models [3—6] for the panel that was
subjected to the highest patch load
during launching. The maximum sup-
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Fig. 4: Maximum measured support reac-
tions and 1/u.' corresponding web thickness

Model R (kNI RlREurocode

Tschamper [3] 17281 1.64
Lagerqvist[4] 13842 1.31

Eurocode [5] 10543 1.00
SIA [6] 6782 0.64

Table I: Patch-loading resistance (R)
according to different models

port reaction measured during launch-
ing (see below) was 5730 kN, and
the corresponding web thickness was
30 mm. Fig. 4 shows the maximum
measured reactions as a function of the
corresponding web thickness.

Influence of Bridge Geometry
on Launching

The variable depth of the box girder
and the alignment of the bridges had
significant influences on the support
reactions that had to be taken into ac-
count for the launching. To simplify
the problem, the vertical positions of
the supports on two piers (nos. 11 and
13: Fig. 5) were fixed, but at the abut-
ment (no. 15) the supports were ad-
justed in order to avoid lift-off or unac-
ceptably high support reactions. The
theoretical variation of the level of
these mobile supports was calculated
considering the longitudinal profile of
the bottom flange of the girder and the
elastic deformations during launching.
The difference between the extreme
levels of these supports during launch-
ing was 4.5 m.

The supports could also be adjusted to
actively change the reactions at other
supports as launching progressed. For
example, prior to launching. calcula-
tions predicted that moving both sup-
ports at the abutment by 10 cm would
produce a change in the support reac-
tions at pier 13 of up to 10%. Similarly.
thermal gradients or relative changes
in the vertical positions of the supports
at a pier. induced significant torsional
reactions due to the large stiffness of
the box girder. A 10-mm relative
change of level of the supports at pier
13 was found to create up to 30%
change in their support reactions.

Measurements

The bridge was monitored during
launching in order to overcome the
uncertainty associated with the patch
loading and the sensitivity of the reac-
tions due to the vertical position of the
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supports. Load cells were installed un-
derneath the six sliding shoes in order
to compare predicted reaction values
with those measured continuously dur-
ing launching. This allowed the level of
the supports to be adjusted whenever
the reactions diverged more than 15%
from the predicted values, such that
the patch-loading resistance of the
webs was never exceeded. Fig. 6 shows
the measured reactions during one
stage of launching and the effects of
adjustments that were made to the
support levels.

Flange and web stresses were mea-
sured in several places with conven-
tional strain gauges in order to com-
plement the data on support reactions.
These stresses will be used to study the
influence of longitudinal stiffeners and
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Fig. 6: Support
launching
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the distribution of the patch-loading
forces. Furthermore, lateral displace-
ments of the webs under patch loading
were measured. The observed dis-
placements were always less than 10%
of the web thickness in the panel be-
tween the sliding shoe and the longitu-
dinal stiffener. Displacements of up to
5 mm were measured at the longitu-
dinal stiffener and in the upper web
panel.

Temperature differences of up to 20:C
were observed between the north and
south webs of the box girder on sunny
days. causing lateral displacements of
up to 300 mm. which had to be taken
into account during launching.

Deck Slab Construction

The concrete deck slab was construct-
ed with travelling formwork supported
by the steelwork. and was cast in bays
31 m long. Longitudinal and transver-
sal prestressing was applied three days
after concrete placement, and the
formwork was then moved to prepare
for the next bay. On average, one bay
was concreted every 10 days.

Conclusions

The launching of the Vaux Viaduct re-
quired careful planning based on de-
tailed calculations considering the
patch-loading resistance and the com-
plicated geometry of the bridges.
These calculations allowed the most

important parameters to be identified
and subsequently monitored with a
view to keeping them within allowable
limits. The monitoring of support reac-
tions and adjustment of support levels
during launching enabled the success-
ful completion of the complex erection
process.
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Owner:
Canton of Vaud, Roads and Highways
Department

Structural design:
Realini + Bader & Ass.. lngénieurs-
Conseils, SA

Contractors:
Induni et Cie. (concrete). Zwahlen &
Mavr (steel)

Monitoring:
ICOM-Steel Structures, Swiss Federal
Institute of Technology. Lausanne

Structural Steel (t): 5030

Concrete (m3): 180(X)

Deck area (m2): 24850

Total cost (USD millions): 24.8

Service date: April 2001
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Fig. 5: Stages of bridge launching
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