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SHAKING TABLE TESTS ON SPHERICAL SLIDING BEARINGS
TAKING ECCENTRICITY AND UPLIFT INTO ACCOUNT
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Toru TAKEUCHI, Hideji NAKAM URA, Masakaze UCHIDA,
Michiyasu YOSHIDA and Ryota MATSUI

r

Although rubber bearings are popular for seismic isolation bearings in Japan, Spherical Sliding Bearings (SSB) or Friction Pendulum Bearings
(FPB) are also widely used in many countries including U. S. In this paper, shaking table tests on braced frame supported by SSB are carried out,
and their dependency on pressure and velocity is examined. Also tests with the eccentric dead loads are conduted, in order to capture lift-up actions
at bearings and their performance. Analytical models taking pressure and velocity dependency into accounts are proposed, and their validity

against the experimental results are discussed.

Keywords: Seismic Isolation, Spherical Sliding Bearing, Shaking Table Test, Eccentricity, Uplift
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1. Introduction

Although rubber bearings are popular for seismic isolation bearings in Japan, Spherical Sliding Bearings (SSB) or Friction
Pendulum Bearings (FPB) are also widely used in many countries including U. S. In this paper, shaking table tests on braced
frame supported by SSB are carried out, and their dependency on pressure and velocity is researched. Also tests with the
eccentric dead loads are conducted, including uplift actions at bearings. Analytical models taking pressure and velocity
dependency into accounts are proposed, and their validity against the experimental results and discussed.
2. Dynamic Tests on Reduced-scale Frame with SSB Bearing

A simplified frame with mass on the top supported by four numbers of one-third scale SSB bearings are constructed and
placed on shaking table, and the upper frame is connected to reaction frame through a load-cell. Then shaking table is moved
in various amplitudes between 20 mm to 180 mm, and frequencies between 0.02 Hz to 0.5 Hz, in sine waves and triangular
waves. From the test results, dependency of equivalent friction ratio on pressure and velocity is examined. The shear forces
introduced in the frame is measured by strain gauges attached on the frame are compared with the reaction forces by the
load-cell, confirming the validity of evaluating the shear force by strain gauges.
3. Shaking Table Tests of SSB frames with Various Conditions

Next, SSB frame is placed free on the shaking table, and dynamic behavior under various seismic inputs are studied. After
confirming the response reduction effects by SSB bearings under full-mass distribution, response characteristics under
eccentric mass-distributions are researched. Under all types of seismic input, rotational responses are very limited, and effects
of eccentric loadings found to be small. Next, frame is rotated 45 degree and uplift actions at the corner bearing are produced
to confirm the action of slider under separation of concave plates. Under IMA-Kobe wave, the maximum uplift around 0.8 mm
is observed with free-sliding at the upper plate. Although some residual deformations are remained after the uplift, very
limited effects on the hysteresis and the maximum response were observed.
4. Proposal of Hysteresis Model for SSB Taking Velocity and Pressure Dependency into Account

Based on the results obtained by the experiments, hysteresis model for SSB taking velocity and pressure dependency into
accounts is proposed. Basic friction hysteresis is modeled as elasto-plastic hysteresis referring the past studies, and then
velocity dependency is added as dash-pot model proportional to the velocity. The proposed model well explains the various
dependencies measured in the dynamic tests. An analytical frame model including the proposed hysteresis for SSB is
constructed and the response against the seismic inputs as same as the shaking table tests are calculated by time-history
analyses and compared with those by the experiments. As a result, the response time-histories and reaction force —
displacement relationships well agreed each other, including the eccentric load conditions. Therefore, the proposed hysteresis
model is considered to be valid.
5. Conclusion

As conclusions, the following results are obtained.
1) SSB bearings showed pressure dependency lower than 50 N/mm?’, and velocity dependency which increases under low

pressure.
2) Effects of eccentric loadings are limited, and the responses are also not affected under uplift actions, except for some

residual deformations after the shake.
3) The proposed hysteresis model taking pressure and velocity dependencies well explain the results of shaking table test

results.
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