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The research and practical implementation of vibration control and base isolation systems targeting the
primary structure of buildings have significantly improved their seismic performance. However, in recent
years, seismic damage to non-structural components such as suspended ceilings and automated warehouse
racks has garnered increasing attention. This damage has not only caused casualties due to falling ceilings
but has also led to severe societal impacts. To enhance the seismic performance of non-structural
components, which often feature more diverse dimensions-such as span widths and story heights-compared
to primary structures, it is essential to develop highly adaptable vibration control systems and establish
simplified design methods for their application. Therefore, this study aimed to develop a multi-story
vibration control system using pulley mechanisms that could be widely applied to non-structural
components, ranging from single-story to multi-story configurations.

Chapter 2, "pulley damper multi-layer system (PDMS)" was proposed, where pulleys were continuously
arranged across multiple stories to deliver the cumulative amplified displacement of each story to a single
damper. Additionally, governing equations for the proposed system were formulated, taking into account the
frictional forces generated by each pulley and the axial deformation of the wire.

Chapter 3 focused on developing a rotational damper that utilized a nonlinear viscous damper capable of
exerting damping force in the rotational direction to accommodate the large wire stroke amplified by the
pulley mechanisms. Subsequently, shaking table tests were conducted incorporating the proposed pulley
mechanism into a full-scale suspended ceiling. This experiment was carried out in two stages: a
one-directional excitation test and a two-directional excitation test. In the one-directional test, six cases
were examined, including scenarios with and without the wire and damper, to verify the seismic response
reduction effects. The two-directional test further investigated torsional behavior of the ceiling panel.
Furthermore, reproduction analyses of the suspended ceiling were conducted, and the accuracy of the
analytical models and damper mechanical models were verified by comparing the experimental and
analytical results.

Chapter 4, a parametric shaking table experiment was conducted on a four-story small-scale test
specimen, where 29 different configurations were tested to clarify the effectiveness of the proposed system
in transmitting cumulative amplified displacement to the damper and reducing seismic response.
Additionally, a large-scale three-dimensional shaking table test was conducted using a six-story shear
specimen equipped with natural laminated rubber bearings. This test analyzed the energy absorption
efficiency of the proposed system and examined the seismic response reduction effects under different wire
layout configurations. Furthermore, a numerical simulation of the six-story shear specimen was performed,
and comparisons between the experimental and simulation results validated the governing equations and
analytical model of the multi-story pulley-based vibration control system.

Chapter 5 proposed a design method for the PDMS based on the capacity spectrum method. By comparing
the response predictions obtained using the capacity spectrum method with time-history response analysis
results for a single-degree-of-freedom system, correction formulas for the damper viscosity coefficient
considering the non-stationary nature of seismic motion were derived, along with a formula for estimating
the maximum shear force, thereby improving response prediction accuracy. Furthermore, a trial design was
conducted for a twelve-story automated warehouse racking system using the PDMS, and a comparison with
time-history response analysis results demonstrated that the proposed design method accurately predicted
the target design displacement and story shear force.

Chapter 6 summarized the findings of this study and outlines future challenges.




	要旨和文（D183526_真島）.pdf
	要旨英文（D183526_真島）.pdf

