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Mechanical behavior of seismic equipment with slit-hole
high-strength bolt friction joints

Kunitaro Hashimoto
Ryo Ninomiya
Yuki Okubo

Abstract

In recent years, large-scale earthquakes have occurred, and there is concern that a Nankai Trough earthquake
may occur in the future. In this context, seismic reinforcement of existing structures is considered important because
it is sometimes difficult for existing structures to fully resist Level 2 earthquakes due to insufficient bearing capacity
and larger reinforcing members to be installed. Therefore, existing structures have been reinforced with movement
limiting devices to cope with Level 1 earthquakes and bridge fall prevention devices to cope with Level 2
earthquakes. However, in the event of an earthquake of a magnitude exceeding that of a level 1 earthquake, large
girder deflections may occur, reducing the safety of the structure and the ability to restore it. In response to this
problem, there is a need to develop a low-cost seismic device that can ensure high safety, seismic resistance, and
recoverability. The proposed seismic device consists of a steel movement restricting device with an additional high-
strength bolt friction joint. Specifically, slit holes are provided in the joints, and the joints slide under load to absorb
energy during earthquakes and restrain displacement. However, little research has been conducted on the sliding
behavior of slit holes in high-strength bolt friction joints, and the effect on the sliding behavior of joint components
is not known.

Therefore, in this study, the load carrying capacity, deformability, and energy absorption performance of high-
strength bolt friction joints and seismic devices with sliding deformation due to friction joints are investigated, and
the changes that occur when the geometry of the joints and devices is changed are examined mainly through FE
analysis.
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