
Zeitschrift: IABSE reports = Rapports AIPC = IVBH Berichte

Band: 82 (1999)

Artikel: Probabilistic FE analysis of a cable-stayed composite bridge

Autor: Boer, Ane de / Waarts, Paul H.

DOI: https://doi.org/10.5169/seals-62146

Nutzungsbedingungen
Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich für deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veröffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanälen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation
L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En règle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
qu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use
The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 06.02.2026

ETH-Bibliothek Zürich, E-Periodica, https://www.e-periodica.ch

https://doi.org/10.5169/seals-62146
https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en


106 IABSE CONFERENCE MALMÖ 1999 4

Probabilistic FE Analysis of a Cable-Stayed Composite Bridge

A. DE BOER
Civ. Eng.

Div of RWS,
Utrecht, The Netherlands

P.H. WAARTS
Civ. Eng.

TU Delft & TNO,
Delft, The Netherlands

Ane de Boer, born in 1951,
graduated as a Civil

Engineer from TU Delft in

1988. At present he is senior
structural research engineer

in the Dutch Ministry of
Transport, Public Works
and Water Management.

Paul Waarts, born in 1961,

got his civil engineering
degree at TU Delft in

1988. At present he is a

project engineer at TNO
and research assistant at

TU Delft, faculty of civil
engineering.

Figure 2: FE mesh ofthe 3-D model

Abstract

1. Introduction

In 1998 a new cable stayed bridge was designed near the city of Kampen in the Netherlands.
Figure 1 shows an artist impression of the cable stayed bridge to be built. The bridge has been
designed by the civil engineering division of the Dutch Ministry of Transport, Public Works and
Water Management. The cross-section of the main span has a composite character. The main
span is built up out of a beam grid of steel. The concrete slab on top of the beam grid is initially
used as compression zone in the total cross section of the bridge deck.

In the design process, the safety of bridges is insured by means of partial safety factors for both
strength and load parameters. As a result it is generally accepted that the structure as a whole
matches the desired probability of failure. In the paper another method is followed. A full
probabilistic analysis on the complete composite structure is performed using FE analysis.
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Figure 1: Artist impression
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2. Bridge Structure

Figure 2 shows the FE mesh of the bridge with a main span of 148.4 m, a side span of 92.5 m,
while the height of the pylon reaches 70 m above the bridge deck. The net width of the bridge
deck is 17 m, four traffic lanes of 3.25 m each and two maintenance lanes with a width of 2 m
each. The bridge is supported at the both ends, the pylon and in the middle of the left side span.
All supports are assumed to be springs, representing the soil's stiffness.

The cross-section of the main span has a composite character. The main span is build up with a
beam grid of steel and is subdivided in sections with a length of 14.5 m. Each bridge deck section
contains two main girders and four cross beam girders. On top of the beam grid lies a concrete
slab with a thickness of 0.25 m. The cross beam girders on both sides of the connection between
the stay cable and the bridge deck are heavier then the other two cross beam girders of the
section. The connection between the concrete bridge deck and the beam grid is designed with a

so-called stud connection (see Figure 3 for FE mesh) which is typical for steel concrete
composite structures.

Figure 3 : FE mesh of halfsteel section main span

3. Results of the Stochastic Model

The thickness of the concrete deck, material properties of steel and concrete and the prestress
force are random variables. The ultimate limit state is overstressing of either the cables or
concrete-steel deck. The model has in total 58 independent stochastic variables. The probability
of failure of the bridge structure is computed by means of the ACDS procedure. The 3-D model
results in a reliability index ß 5.05 (intervals 4.8 < ß < 5.4), corresponding with a probability
of failure Pf 4 10"

The paper shows the possibility to perform a probabilistic analysis in the design environment.
The probabilistic FE analysis shows that there is an additional safety compared to the safety
required by the building codes. It may be concluded that this bridge, designed by using partial
safety factors, is much safer then required, at least for the limit states considered.
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