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Spatial structures are designed not only for dead load but also for seismic load especially in areas with high seismicity
such as Japan and China demanding high seismic performance. So the present paper focuses the steel gymnasium and
single layer reticular domes as spatial structure and the collapse mechanisms and seismic performance are discussed.
The content of each chapter is summarized as follows.

In the 1% chapter, the background and objectives of this study are described.

In the 2™ chapter, the collapse mechanisms and the ultimate strength based on static analysis of the school gymnasia
subjected to earthquake motions in the span direction is investigated. First, numerical models in this study are
explained using steel-framed gymnasia designed using structural design code in Japan. Second, seismic response
characteristics and collapse mechanism of two plane gable frame structures, which are respectively fundamental
seismic resisting elements of the gymnasium, are analyzed based on an elastic-plastic response analysis. Finally, the
dynamic behaviors of 2D model and 3D model are compared and the relationship between the plastic deformation and
the effect of the roof braces is discussed.

In the 3™ chapter, the present study proposes an efficient method for calculating these indices, the values of Js and /F,
based on both a static pushover analysis and a capacity spectrum method. An ordinary pushover analysis of tall
buildings assumes a close correspondence between story drift angle and plastic rotation holds. However, the story drift
angle of a gable frame does not correspond one to one to the plastic rotation angle, because the roof has a tendency as a
spatial structure to settle or sink down due to its dead load. This kind of behavior, having not been so far clearly
identified, is lighted up in this study. Considering the accumulation of plastic rotation angle occurred at the hinges
connected to the top of columns, this paper, first, studies the magnitude of plastic rotation angle 6, based on both the
pushover analysis and dynamic analysis, then compares them and finally the validity and usefulness of the proposed
method is proved.

In the 4" chapter, the present study proposes statically equivalent seismic loads which can be applied not only to design
in serviceability limit level but also to pushover analysis in ultimate limit level. Several structural models are the
targets: the span varies 60, 80, 100 and 120 meters. First, the responses of accelerations and axial forces are evaluated
by linear elastic response analysis against the serviceability limit level. Second, based on the results the magnitudes
and distributions of the seismic loads to the dome surface are proposed for determining the equivalent seismic loads.
Third, the collapse mechanism and resistance performance for seismic load are calculated and the study argues the
validity of proposed seismic load.

In the 5" chapter, the present paper proposes an efficient scheme to evaluate seismic performance of single layer
reticular domes under severe earthquakes. In an example in this study, the member cross sections are firstly

proportioned against two times dead load, where the domes are supported totally and directly by pins at a rigid




foundation. Secondly, the collapse mechanisms of the single layer reticular domes based on the elastic plastic response
analysis are investigated from a view point of accumulated displacements at a point and plastic deformation within
members. Thirdly, the resistance capacity, here defined as seismic performance index, is formulated by multiplying an
initial yield base shear coefficient with dynamic ductility indexes 4. The value of ,F is determined in terms of

accumulated plastic rotation.
In the 6™ chapter, the summary of the present study is described.




