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A STUDY ON THE VIBRATIONS OF A SUSPENSION BRIDGE
UNDER THE ACTION OF TRANSVERSAL GROUND MOTIONS

Hiromichi HIGASHIHARA* and Satoshi OHTSUKI**

A modal analysis program of a whole suspension bridge whose foundations are
driven by the transversal seismic forces is presented.

Conventional theories of the transversal vibrations of suspension bridges
have confined themselves to the suspended structures only ; all the remaining
substructures have been excluded from the investigations: the towers, the piers,
and the anchor blocks. Earthquake resistant design of suspension bridges cannot
be based upon these theories, because the filtering characteristics of the sub-
structures listed above which carry the incident seismic waves have significant
influences on the dynamic responses of the suspended structures. The total
system approach is a promising alternative ; current computers are capable of
affording sufficient degree-of-freedom to the model.

The towers require careful considerations, too, because they must support
the suspended structures by themselves alone in case of the lateral motions. It
is true that the transversal ground motions only give a secondary contribution
to the response of the bridge, so long as the prevailing conservative design of
the towers is employed. It is also true, however, that the structural engineer
must pay full regard to the aesthetic requirements, which often prefer slender
towers ; he cannot always expect the redundant stiffness of the towers against
the lateral motions.

The modal decomposition procedure based upon the discrete version of the
linear deflection approximation is employed. The ground is formulated as an
appropriately defined linearly elastic springs. The substructures synthesis
method which was applied by the writers to the longitudinal ground motions is
successfully modified to the lateral motions, too. One must only make three
subprograms which solve the statical behaviour of the elementary substructures:
a suspended structure, a tower and a pier, and an anchor klock. The above
mentioned synthesis method carry the composition of the stiffness matrix of the
total system, by running these small subprograms repeatedly. The modes are then
determined by the conventional eigenvalue program.

The program is applied to a model bridge. The eigenfrequencies of the modes
of the center span are significantly smaller than those of the towers. The
modes of the side spans have larger eigenfrequencies which are  comparable to
those of the towers; dynamical coupling can occur depending on the stiffness of
the towers. Dynamical interaction between the superstructures and the  anchor
blocks is almost insignificant. On the contrary, a coupling can occur between
the piers and higher modes of the towers whose frequencies are situated  from
about 7 Hz up to about 10 Hz.

* Associate Professor, Department of Construction Engineering, Saitama Univ.
** Tong Span Bridge Consultants, Ltd.
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