
Zeitschrift: IABSE reports = Rapports AIPC = IVBH Berichte

Band: 79 (1998)

Artikel: Application of gravity base structure technology to bridge substructures

Autor: Masui, Naoki / Yoshida, Iwao / Rustad, Kjell

DOI: https://doi.org/10.5169/seals-59854

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: 01.04.2026

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

https://doi.org/10.5169/seals-59854
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


189

Application of Gravity Base Structure Technology
to Bridge Substructures

Naoki MASUI
Design Mgr
Obayashi Corporation
Tokyo, Japan

Iwao YOSHIDA
President
Honshu-Shikoku Bridge Eng.
Tokyo, Japan

Kjell RUSTAD
President
Aker Norwegian Contractors
Oslo, Norway

Naoki Masui has conducted design and analysis
of large concrete structures including bndges
and offshore structures.

Iwao Yoshida, formerly director of Honshu-
Shikoku Bridge Authority, is currently the
chairman of the committee on the future strait
crossing projects m Japan.

Kjell Rustad has quite a lot of expenence of
construction of large offshore concrete
structures in the North Sea and Canada.

Summary

In Japan there is ongoing preliminary design on several ultra-long span bridges for strait
crossings in deep open waters. This paper mainly discusses the performance of the proposed
substructure subject to earthquake effects for these bridge projects.

1. GBS Technology for bridge foundation

The large offshore concrete structures, so called GBS (Gravity Base Structures), have

successfully been applied to the oil and gas developments in the North Sea for the last 25 years.
Later also in Canada and Australia. Through these experiences the typical features of GBS
technology are characterised as follows.
® Construction completely in dry dock or on land and afloat inshore

® Installation in deep open water on the seabed without any preparation prior to installation
(3) Applicability to various soil condition from hard to soft by utilising skirt foundation

© Utilisation of cell and shaft structures with durable high strength concrete

Although previous GBS has been installed in waters without significant seismic action, the

concept of the GBS is found applicable to a bridge foundation in a highly seismic area.

CD The typical structural configuration of
existing GBS consists of shafts above

cells, as shown in Fig.l, which
minimise the hydro-dynamic force and
the overburden pressure on subsoil
because of reduction in displacement
and selfweight.

(2) The skirt foundation frequently
employed in concrete GBS is also

applicable to bridge substructures
installed on a thick sedimentary soil.
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2. Outline of bridge substructure with GBS technology

The conceptual design of bridge substructure for ultra-long span bridge crossing deep strait
has been conducted with due consideration to seismic effects. The substructure installed in a

water of 70m depth supports the main tower for suspension bridge with 2,400m center span.
The soil profile at the site is shown in Fig.2, where the tip of the skirt is penetrated into the
mid-depth of the Upper Diluvium.
Two levels of earthquake, LI and L2, have been considered. LI is the design earthquake of
150 year return period, and L2 is the ductility level earthquake which means the maximum
credible earthquake at the site.

Fig.3 illustrates the dynamic analysis
models including the structure-soil
interaction to evaluate the earthquake
effect. Model for LI uses soil springs
devived from the elastic half space theory.
On the other hand model for L2 includes
non-tension soil springs allowing the
redistribution of subgrode reaction.
The analysis shows that due to allowance
of some displacement of soil the medium
dense sand considerably reduces the

response, because the overall stability of
the structure at L2 has the safety margin
of 1.1 for both sliding and bearing
capacity. This means that the critical
area for stability appears at the interface
between them. This is due to a large
eccentricity and inclination in resultant
loads caused by the earthquake.

The structural analysis for the concrete
cells subject to seismic effects
demonstrates in-plane shear forces

together with thrusts rather than flexures
dominate the amount of reinforcement as

well as concrete section properties and

strength, as shown in Fig.4.

The above analysis illustrates the
excellent seismic performance of skirt
foundation, because only moderate

response takes place at even L2
earthquake due to large damping effect of
loose soil and flexible structure and soon.
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Fig.3 Lumped mass model for dynamic analysis

Toward more rational design detailed Fig.4 Structural behavior under seismic effects
engineering will be incorporated with
attention to site specifics and
construction method.
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