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Earthquake Response Analyses of an One-way Long-span Truss
Structure with Consideration of Member Buckling

Akira WADA™ and Hidemoto MUKATI™*

Earthquake response of long-span space truss structure is generally analyzed
by the use of equivalent continuum shell theory, because the enormous number of
nodes and members of the structure makes the computation quantity very huge
when it is treated as frame structure. But, by using high-performance of the
computer, elasto-plastic response analysis of real scale structures with
consideration of the elasto-plastic characteristics of the members becomes
available.

A double-layer cylindrical truss structure is considered here with its member
buckling phenomenon modeled for the axial force - deformation relationship.
The maximum acceleration of in-put earthquake motion in the direction
perpendicular to span is refered as a parameter and the earthquake response
analyses of the truss structure are carried out. The truss structure is 200 m in the
direction of span, 50 m in the direction perpendicular to span and approximately
24 m in rise. 7 cases of earthquake maximum acceleration are studied, i.e. 150,
300, 400, 500, 600, 650, 700 gal.

It turned out through the earthquake response analyses that for earthquake
accelerations 150 and 300 gal, all members of the truss are remaining elastic. It is
when earthquake acceleration reaches 400 gal, members begin to buckle. The
number of buckled member increases as earthquake acceleration steps up, and
when it reaches 650 gal, the structure collapses. That is because when the
earthquake acceleration remains below 600gal, there exists at least one intact line
in span direction, but when it reaches 650gal, at least one member in all lines
buckled and the structure failed to support its own weight.

While the structure damage progresses, the increase of the total energy of
vertical direction becomes remarkable compared to the total energy input of
earthquake input direction. It can be concluded that for long-span truss structure,
consideration for vertical total energy input caused by structure's weight is
required.

*  Professor, Tokyo Institute of Technology, Dr.Eng.
** Graduate Student, Tokyo Institute of Technology
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