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Seismic Response of Piping Systems Utilizing Plastically Deformable Pipe Support Structures
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Abstract Pipes and pipe support structures deform plastically to become permanently
deformed when they are vibrated in a large earthquake above the seismic design condition.
Regarding the seismic response as related to the plastic deformation, there have been many
studies on pipes because of the importance of the structural integrity of the pressure boundary.
But there have been few studies on the pipe support structures. It is necessary to clarify the
seismic response characteristic of piping systems on the plastically deformable pipe support
structures and to develop a seismic response evaluation method including the pipe support
modeling for improved evaluations of seismic response over the design condition level.

This study describes the seismic response characteristic of a piping system made of 2B pipe and
4B pipe regarding the plastic deformation of the pipe support structures. Change in seismic
response acceleration or vibration behavior was identified in relation to the deformation slope of
the load-displacement curve of pipe support structures. The seismic responses of the piping
system were calculated by the finite element method. The elastic plastic time history analysis was
used to obtain the seismic response. From the results, the amount of the initial slope of the
load-displacement curve of the pipe support structures largely influenced the difference of the
change in the major vibration deformation of the piping system sitting on the plastically
deformable pipe support structures. In the case of using a soft support structure, the piping
system became to vibrate only in a major vibration mode. The amount of the secondary slope
had little affected on the amount and area of the decrease of the seismic response acceleration due
to the plastic deformation of the pipe support structures. This result suggested that the secondary
gradient of the load-displacement curve could be modeled in elastic-plastic model in a unified
manner in modeling various types of pipe support structures. The seismic response of the piping
system was reduced not only near the support point but also in a wide area surrounding nearby
elbow elements due to the plastic deformation of the pipe support structures.

Keywords Piping System, Pipe Support Structure, Seismic response, Seismic Design, Plastic
Deformation
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