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ABSTRACT

Flexible base isolation bearings that separate superstructure from ground have been widely used in the construction field because they
make a significant contribution to increasing the fundamental period of the structure, thereby decreasing response acceleration
transmitted into the superstructure. However, the established bearing devices installed to uphold the whole building give rise to some
problems involved with failure and collapse due to lack of the capacity as modern structures are getting more massive and higher.
Therefore, this study suggests new isolation bearings assembled with additional restrainers enabled to reinforcing and recentering, and
then evaluates their performance to withstand the seismic load. The superelastic shape memory alloy (SMA) bars are installed into the
conventional lead-rubber bearing (LRB) devices in order to provide recentering forces. These new systems are modeled as component
spring models for the purpose of conducting nonlinear dynamic analyses with near fault ground motion data. The LRB devices with
steel bars are also designed and analyzed to compare their responses with those of new systems. After numerical analyses, ultimate
strength, maximum displacement, permanent deformation, and recentering ratio are compared to each model with an aim to
investigate which base isolation models are superior. It can be shown that LRB models with superelastic SMA bars are superior to other
models compared to each other in terms of seismic resistance and recentering effect.
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(a) Isolator Failure due to Large Deformation

i

(b) Isolator Protention by Damper Devices

Fig. 1. Failure Configuration and Existing Protection Methodology
of Base LRB Isolators
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Fig. 2. Stress and Strain Curve for Superelastic SMA Materials
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Table 1. Basic Properties for Presented LRB Models (Unit: kN and mm)
LRB Moder | Aall | Fv F1 F2 Al A2 Q Ke Kp | Keff | Xeff | Dg D H h Te
Cl 100 | 3630 | 106 162 8 83 100 | 13.25 | 0.75 1.94 | 35.74 | 500 110 247 197 100
C2 100 | 9190 | 129 223 8 83 119 | 16.13 | 1.25 | 2.68 | 30.77 | 650 120 260 200 102
C3 100 | 13190 | 155 267 10 83 140 | 15.50 | 1.53 | 3.20 | 29.44 | 800 130 283 223 128

Aall: Allowable Maximum Displacement Limit (mm), Fv: Maximum Allowable Vertical Force (kN), Aeff: Effective Damping (%), Te: Total

Thickness of Rubber Plate Layers (mm)
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Table 2. Additional Information on Stiffness Parameters to Simulate the Behavior of Steel or SMA Bending Bars

Model ID [Q/W (6S)| ***Kswa  |***Fsvams| ***Fsvamr| **Fomans| ***Fsmanr | ¥** AL | #¥%Q/Fgupnr| ****Ksrp | ****Fy sk
CIL-()*-()**| 4.6% |28.5kN/mm|256.0kN | 400.0kN | 257.6kN | 116.8 kN [42.0 mm 0.86 991 kN/mm| 11.4kN 0.015
C2-()*-()**| 5.4% |27.8kN/mm|249.6 kN | 392.0kN | 2544 kN | 1152 kN [43.6 mm 1.03 9.25kN/mm| 11.1 kN 0.015
C3-()*-()**| 6.4% |20.5kN/mm|220.8 kN | 352.0kN | 232.0kN | 107.2 kN |54.7 mm 1.30 6.35 kN/mm | 10.6 kN 0.015

*(LRB)=As-built LRB isolator systems *(LRBSMA)=LRB isolator systems with 16 SMA bending bars *(LRBSTE)=LRB isolator systems with 16

steel bending bars

**(6S)=lIsolator systems installed on the 6-story building **(9S)=Isolator systems installed on the 9-story building
***Stiffness parameters to simulate the behavior of 16 SMA bending bars combined in parallel
*rk*Stiffness parameters to simulate the behavior of 16 steel bending bars combined in parallel
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Table 3. Summary of Response Spectral Accelerations (Sg) and Fundamental Time Periods (T) for Individual Model Cases

Model Q'W(%) T(sec) Sg(NF01) PGA=0.90g Sg(NF02) PGA=0.98g
C1-LRB-6S 4.56 0.82 1.50 1.17
C1-LRB SMA-6S 4.56 0.46 1.74 1.67
C1-LRB STE-6S 4.56 0.23 2.68 3.02
C2-LRB-6S 5.42 0.75 1.58 1.72
C2-LRB SMA-6S 5.42 0.45 1.78 1.68
C2-LRB STE-6S 5.42 0.23 2.68 3.02
C3-LRB-6S 6.36 0.76 1.57 1.62
C3-LRB SMA-6S 6.36 0.5 1.58 1.57
C3-LRB STE-6S 6.36 0.28 2.08 2.05
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