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THE DYNAMIC CHARACTERISTICS AND OPTIMIZATIONS
OF TOWER-PIER SYSTEMS OF LONG SPAN SUSPENSION BRIGES

Kohei FURUKAWA#* and  Yoshikazu YAMADA¥#¥

According to past studies, aseismic design of the tower-pier system of long
span suspension bridges is proved to be very important, since this system and
many earthquakes usually have similar natural frequency domains and there exist
the risk of resonance. In this study, an attempt is made to obtain more ration-
al, safe and economical aseismic design of the tower-pier systems by means of
dynamic analysis and an optimization technique.

In this study, two problems in the aseismic design of the tower-pier systems
are considered: One is the problem in the longitudinal direction, the other be-
ing in the transverse direction. 1In the longitudinal direction, the tower-pier
system is assumed to consist of a beam and a rigid body on the elastic founda-
tion, since the total proportion of tower and pier is especially important. 1In
the transverse direction, on the other hand, the topology and geometry of the
tower are precisely taken into account in the dynamic characteristics and its
optimum design.

In the former problem, the moment of inertia of the tower and the width of
the pier are selected to be the design variables. The objective function is
taken to be the cost of the system, and the constraints include the following:
stress of the tower, displacement of the pier, buckling of the tower and over-
turning of the pier. SUMT by Powell’s direct search method is employed as the
optimization technique.

In the latter problem, topology and geometry of the tower gives great
influence on the dynamic response of the system. To solve this, three different
topological types of tower are assumed. The location of the Jjoint of cross
frames with the tower is selected to be one of the design variables together
with the moment of inertia of the tower. In the optimization process, the au-
thers used SUMT and a specific constraint relieving method. The objective func-
tion is taken to be the total weight of the tower, and the constraints include
stress and displacement of the tower, displacement of the pier top, upper and
lower limit of the geometry.

The results of this study show that the dynamic characteristics of the system
in the longitudinal direction are closely related to coupling of modes due to
the phenomena of accession and separation of natural frequencies. Most severe
constraint of the system in the longitudinal direction is the displacement at
the pier top, thus, this constraint must be discussed more precisely from the
safety view point of the structure. In the transverse direction, truss type
tower is found to have smaller dynamic responses in comparison with other types.
Furthermore, it is found that the location of the joint of the cross frames has
a considerable influence on the dynamic characteristics and optimum design in
the case of truss type tower. However this influence in the other types of
towers is found to be insignificant.
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