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ABSTRACT ARTICLE INFO

This study investigates the probabilistic collapse behavior of a benchmark base-isolated Receive Date: 18 January 2025
structure, focusing specifically on the failure mechanisms of its isolation system. Numerical Revise Date: 12 March 2025
simulations were performed using the OpenSEES software, incorporating both traditional Accept Date: 06 April 2025
Friction Pendulum Systems (FPS) and advanced Triple Friction Pendulum Isolators (TFPI)

to evaluate their performance under the influence of far-field and near-fault ground motions.

The assessment of displacement capacity and system reliability adheres to FEMA P695

guidelines. Furthermore, Incremental Dynamic Analysis (IDA) and FEMA P695 procedures Keybwzsc,is'_ I
were employed to analyse the collapse probability of isolators and to evaluate the adequacy probabulistic C_O gpse
of current seismic design practices outlined in ASCE 7-22. The findings highlight that benchmark bmldmg

isolators designed based on ASCE 7-22 provisions often fail to meet the reliability Jragility curve
requirements, particularly under critical conditions. The study emphasizes the necessity for sliding isolator
significantly increased displacement capacities of isolators to achieve reliability objectives FEMA P695
across various risk categories. This need becomes even more pronounced in near-fault

ground motions characterized by pulse-like shaking, which impose unique demands on

isolator design. In addition, the results reveal the critical role of torsional effects in

increasing the collapse probability of isolation systems. Neglecting these effects, even at

minimum levels specified by the code, leads to underestimations of collapse risks and

compromises structural safety. The findings of this research underscore the urgency of

revisiting current seismic design methodologies for base-isolated structures. Improvements

should include enhancing isolator capacities, adopting advanced analytical methods, and

accurately accounting for the effects of near-fault motions and torsional behavior to achieve

the desired levels of safety and reliability.
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3 Risk-targeted maximum considered earthquake
4 Seismic isolation

5 Friction isolator

6 Upper structure

7 Ground motion

8 Probability of collapse

° Risk category

10 Response history analysis
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! Far-field ground motion

2 Triple friction pendulum isolator
3 uplift

4 Fragility curve

3 Moat wall
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! Benchmark building

2 Friction pendulum system

3 Incremental dynamic analysis
4 Near-fault ground motion

3 Degree of freedom

6 stick

7 Hysteresis damping
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