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Dynamical Coupling of Substructures of Suspension Bridges
in their In-Plane Vibrations

H. Higashihara¥*

S. Ohtsuki i

Suspension bridges consist of various substructures which have different
dynamical characteristics, and there are many types of dynamical interactions.
Most suspension bridges are designed, however, under the assumption that these
interactions can practically be neglected. This convention is ordinarily well
justified by the fact that the ranges of eigenfrequencies of the major sub-
structures of suspension bridges are usually so distant enough that dynamical
coupling among them cannot but occur at higher modes of vibration which are
not fatal in general.

Unfortunately this is not always true. Under extreme and yet practical
conditions, eigenfrequencies of fundamental modes of some substructures can
come close. Especially, towers and anchor blocks have this sort of opportunity.
In usual cases, the lowest eigenfrequencies of the latter are situated between
the lowest and the next ones of the former. However, this order is not always
definite, because of the sensitiveness of the dynamic characteristics of the
anchor blocks to the site conditions.

First, dimensions of the anchor blocks are widely changeable. For example,
they are very tall when they are located in the sea. Second, the stiffness
of the foundation of the anchor blocks are generally far more variable. There-
fore, the anchor blocks have a wide range of eigenfrequencies, and, in extreme
cases, they come up to either of the first two eigenfrequencies of the towers.
All the worse, there usually remains a gross error about the stiffness of the
foundation even if it has been estimated carefully by locus in quo measurement.
Engineers must therefore take the possibility of the dynamic coupling into
consideration, if there is not enough distance between the eigenfrequencies.

In this paper, the properties of the dynamic coupling between the lowest
modes of the towers and the anchor blocks are investigated. Conventional
modal analysis is applied and, after some sensitivity analysis, a coupling
mode is identified and discussed. Serious influence on the bending moment of
the towers is demonstrated.

Study of these dynamical interaction requires a variety of sensitivity
analysis, This is only feasible if a fast computation program is available.
A special program was developed for this study. This program, based on the
idea of the substructure decomposition associated with the flexibility matrix
methods, carries the total process of analysis very quickly. Basic strategy
of this method is also presented.

* Saitama University, Faculty of Engineering, Department of Civil Engineering
%¥ Long Span Bridge Consultants, Inc.



