
Damping wind and traffic-induced oscillations
of the Rio-Niterói Bridge

Autor(en): Battista, Ronaldo / Pfeil, Michèle

Objekttyp: Article

Zeitschrift: IABSE reports = Rapports AIPC = IVBH Berichte

Band (Jahr): 83 (1999)

Persistenter Link: https://doi.org/10.5169/seals-62920

PDF erstellt am: 22.07.2024

Nutzungsbedingungen
Die ETH-Bibliothek ist Anbieterin der digitalisierten Zeitschriften. Sie besitzt keine Urheberrechte an
den Inhalten der Zeitschriften. Die Rechte liegen in der Regel bei den Herausgebern.
Die auf der Plattform e-periodica veröffentlichten Dokumente stehen für nicht-kommerzielle Zwecke in
Lehre und Forschung sowie für die private Nutzung frei zur Verfügung. Einzelne Dateien oder
Ausdrucke aus diesem Angebot können zusammen mit diesen Nutzungsbedingungen und den
korrekten Herkunftsbezeichnungen weitergegeben werden.
Das Veröffentlichen von Bildern in Print- und Online-Publikationen ist nur mit vorheriger Genehmigung
der Rechteinhaber erlaubt. Die systematische Speicherung von Teilen des elektronischen Angebots
auf anderen Servern bedarf ebenfalls des schriftlichen Einverständnisses der Rechteinhaber.

Haftungsausschluss
Alle Angaben erfolgen ohne Gewähr für Vollständigkeit oder Richtigkeit. Es wird keine Haftung
übernommen für Schäden durch die Verwendung von Informationen aus diesem Online-Angebot oder
durch das Fehlen von Informationen. Dies gilt auch für Inhalte Dritter, die über dieses Angebot
zugänglich sind.

Ein Dienst der ETH-Bibliothek
ETH Zürich, Rämistrasse 101, 8092 Zürich, Schweiz, www.library.ethz.ch

http://www.e-periodica.ch

https://doi.org/10.5169/seals-62920


242 IABSE SYMPOSIUM RIO DE JANEIRO 1999

Damping Wind and Traffic-Induced

Ronaldo BATTISTA
Professor
COPPE, Federal University
Rio de Janeiro, Brazil

Oscillations of the Rio-Niteröi Bridge

Michèle PFEIL
Professor
Federal University
Rio de Janeiro, Brazil

Ronaldo Battista, born 1947,
received his B.Eng. and M.Sc. from
Federal University in Rio and his
Ph.D. from University of London.
He worked as a bridge designer and

in 1980 joined COPPE Institute as a
researcher and consulting engineer,
becoming a professor in 1987.

Michèle Pfeil, born in 1959,
received her B.Eng. from Catholic
University in Rio and her M.Sc.
and Ph.D. from COPPE Federal
University. Her current field of
research is aeroelastic problems of
bridges.

Abstract

Brought into service in March 1974 the 13.3 kilometers long Rio-Niterôi bridge spans across the
Guanabara bay in Rio de Janeiro. Most of it is a prestressed concrete structure but its three central
spans (of 200 - 300 - 200 meters) are bridged by remarkably long and slender continuous steel twin
box girders, as illustrated in Figs. 1 and 2. The central navigation span is the largest steel girder
span in the world and together with the side and link spans weigh 13,100 tonnes ofsteel and make a

total length of848 meters[l].

A recurrent aeroelastic aspect ofthis very slender steel bridge - with average girder height to span
length ratio close to 1/45 - is its across-wind vertical bending motion. Cross-winds ofrelatively low
velocities have often set into vortex-induced oscillations the lightly damped twin-box-girders.
Because ofthis behaviour, the bridge has to be closed to traffic ofany vehicle, for the sake ofuser's
confort and overall safety, whenever cross winds reach velocities near 50 km/h (~14m/s). For
sustained wind velocities close to 60 km/h the bluffbox section bridge experiences vortex-induced
oscillations in the &st vertical bending mode with amplitudes that may well reach values about
250mm at the center ofthe navigation span. Theoretical-numerical and experimental results from
wind-tunnel tests on a sectional model [1-2], phis astonishing images documented by video-cameras
installed on the bridge for traffic control, corroborate the previous statements. Large vertical
oscillations that left people panic-stricken were first reported on relation to a storm that occurred in
August 17,1980, and more recently in October 16,1997 and February 17,1998, when oscillations
lasted 5 to 7 minutes. This deterrent aspect of the world largest steel box-girder bridge was
explored to develop the conceptual design of feasible passive control devices [1,2] to attenuate the
observed oscillation amplitudes - due to the action ofwinds as well as traffic ofheavy vehicles on
irregular pavement and joints - and, consequently, to upgrade user's confort and the serviceability
ofthis bridge, that has an average daily traffic of 100,000 vehicles

An appraisal of the actual bridge dynamic behaviour is made by a mathematical 3D FEM model
calibrated in terms of experimentally measured frequencies and associated oscillation modes [1].
The derived modal equations, including correlated aeroelastic forces, are further combined with a

multi-objective optimization technique [1,2] to assist in designing simple mechanical and robust
tuned-mass-dampers. A feasible mechanical arrangement is given by small masses TMD's
distributed along the center span. Table 1 presents the structure's modal parameters and the TMD's
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characteristics, whose performance is demonstrated through comparison ofnumerical results
obtained for time responses of the original and controlled structure (Fig. 3).

Table 1 - Structure and Passive TMD's characteristics
Characteristics Structure )g 16 TMD's )A Ratios( )A/( )b

Frequency (Hz) 0.32 0.29 0.9
Mass, m (ton) 5 x 103 50.0 0.01

Damping, £ (%) 1.0 7.5 7.5

^
848 m - steel structure

40,44 30 200 m 300m 200 m 30 44,40
rH- I I

'
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Legend: EB Expansion Bearing; FB Fixed Bearing; EJ Expansion Joint; SL sea level

Figure 1 - Elevation ofCentral Spans of Rio-Niteröi Bridge

Figure 2 - Typical Cross Section with Tuned-Mass-Dampers located in the middle of central span

Figure 3 -Amplitude response in the first bending mode (middle of central span)
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