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ANALYSIS AND EVALUATION OF ROCKING SYSTEM WITH DIFFERENT DAMPERS

IR T, WO R AT R R O Y R IR R
Kazuhiko KASAI, Takuya TAKAHASHI, Naoya GOTO,
Toru TAKEUCHI and Mitsumasa MIDORIKAWA

The authors conducted a series of experimental studies on the response characteristics of controlled rocking systems. This system
comprises components that include a rocking frame, post-tensioning (PT) anchorages, and elasto-plastic damper, eliminating the
residual deformation after the earthquake. In this paper, detailed and accurate analysis to simulate the system is utilized to clarify
the details of local and global responses and theier relationship. The use of elasto-plastic damper requires the PT anchorages, which
is found to limit performance of the rocking system. In order to explore possible enhancement, the visco-elastic damper is assumed
instead, and its accurate analysis model is developed based on the damper test. The performance of the rocking system with the

viscoelastic damper is analytically evaluated and the extent of improved performance is discussed.
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1. Introduction

The authors conducted a series of experimental studies on the response characteristics of controlled rocking systems.
This system comprises components that include a rocking frame, post-tensioning (PT) anchorages, and elasto-plastic
damper, eliminating the residual deformation after the earthquake. However, from further study, the use of the PT
anchorages for the deformation-dependent damper is found to limit performance of the rocking system significantly.
Therefore, this paper explores possible enhancement, by using the visco-elastic damper instead, and assesses the extent
of improved performance of the rocking system.
2. Rocking Systems with Elasto-Plastic Damper

The test specimen is about 0.7 scale model of the 3-story rocking system connected to the so-called test bed having
large sliding mass simulating the inertia forces from the floor slabs and other frames of the building. The global and local
force as well as deformations are defined. Especially, those for the elasto-plastic zone, elastic-zone, and gusset plate
connections of the damper, as well as the slackness of the pin connecting the damper to the base are defined, in order to
discuss the details of their contributions.
3. Shake Table Test Results and Analytical Simulation

The damper identical to that included in the rocking system is also tested, in order to formulate and validate accurate
analytical damper model. The analysis is found to well-simulate the forces produced by the special one-sided cyclic
deformations that occur in the rocking frame. After that, analysis of the rocking system is conducted and is found to
produce predictions with excellent accuracy. Combining the analysis and test results, detailed and important finding son
local and global response characteristics are made.
4. Evaluation of Response Characteristics and Performance Constraints

Using the accurate analysis model, a basic cyclic static analysis is conducted and more than 10 key instances of state
change are discussed by referring the special deformation and force transmission mechanism of the system. Moreover,
very unique behavior of high-frequency responses stemming from the drastic change of the stiffness of the system before
and after the uplift of the column base. Applying a method to extract modal contribution from the time-history responses,
the causes of the high-frequuency responses are clarified based on the vibration modes of the system.
5. Rocking Systems with Visco-Elastic Damper

In order to explore possible enhancement, the visco-elastic damper is assumed instead, and its accurate analysis model
is developed based on the damper test. The performance of the rocking system with the viscoelastic damper is analytically
evaluated and the extent of improved performance is discussed. Compared with the case of the elasto-plastic damper,
there is almost no high-frequency response. Because of the absence of the PT anchorages, more efficient vibration control
is achieved. Moreover, another rocking system that does not have uplifting is found more effective.
6. Conclusions
(1) By using relatively simple line elements, contact elements, and spring elements, the analytical model with only twenty-
three degrees of freedom could well-simulate the experimental behavior. Detailed damper model considering the
velocity-dependency of the elsto-plastic damper was a key to enhance the accuracy.
(2) Using the model, the effects of uplifting and impacting of the column base is clarified. It is found that the stiffness
balance among the components/connections affects the responses including higher mode contributions and control effects
of the system.
(3) The use of visco-elastic damper results in improvement such as simple detailing without the use of the PT anchorages,

elimination high-frequency accelerations and forces, and natural self-centering behavior.
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