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Seismic isolation would mitigate damages caused by earthquake. These systems are feasible mostly in highly seismic 
zones and in structures with important occupancies and therefore should remain non-stop. Thus in this study immediate 
occupancy (IO) performance state is going to be studied. Performance evaluation has been done based on framework 
introduced by PEER using Incremental Dynamic Analysis (IDA) of 2-D frames (Vamvatsikos & Cornel, 2002). Various 
sources of uncertainties have been considered too (FEMA P-695, 2009). Three samples of 4, 6 and 8-story steel structures 
with office occupancy which possess special ductility property, located in San Diego, California, USA is selected and 
modelled in OpenSees Platform. The superstructures are designed according to AISC 360-10 and AISC 341-10 in a 3-D 
mode. Earthquake loads and other criteria that must be observed were based on ASCE 7-2010 standard (ASCE 7, 2010). 
Yield Stress of Lead, Shear Modulus of Lead and Shear Modulus of Rubber, are considered to be 7967, 583 and 385 (KN/
m2), respectively. In this study perimeter and interior frames are considered to be moment and gravitational respectively. 
Two types of Lead Rubber Bearing (LRB) isolations have been equipped based on their general concept behavior (Naem & 
Kelly, 1999). Type 1 and 2 are modelled below the interior and perimeter columns, respectively. Table 1 presents their 
related properties.

Table 1. Manufacturer’s specifications of LRB Isolations

 Area of Lead Plug
(  Type2

Area of Lead Plug
 (  Type1

 Total Thickness of
Rubber (m) Type2

 Total Thickness of
Rubber (m) Type1

 Area of Rubber
( ) Type 2

 Area of Rubber
( ) Type1

 Number
of StoriesNo.

0.0047783620.0065038820.240.240.1661902510.22061834441
0.0040715040.0056745020.2480.2560.145220120.19634954162
0.0026420790.0037392810.2480.2520.0907920280.13854423683

Contrary to most previous elements developed, this element is able to include hardening effects at high strains and 
interaction of isolator’s axial force on shearing capacity. Other structural properties are listed in Table 2.

Table 2. Developed Archetype Properties
   Transformed Period at

DBE Earthquake (sec)
 Transformed Period at
MCE Earthquake (sec)Number of StoriesNo.

1.03.091633.3418241
1.02.9961353.23516362
1.02.94763153.192695183

In this study a comprehensive nonlinear modeling in geometry and material using Lumped plasticity is implemented. 
The response was extracted based on engineering demand Parameters (EDP) for different Intensity Measures (IM) at each 

PROBABILISTIC DEMAND ASSESSMENT OF SEISMIC BASE-ISOLATED 
STRUCTURES IN IMMEDIATE OCCUPANCY PERFORMANCE LEVEL

Aryan REZAIE-RAD
M.Sc. Earthquake Engineering Student, Amirkabir University of Technology (Tehran Polytechnic), Tehran, Iran

Aryan.Rezaie.Rad@aut.ac.ir

Mehdi BANAZADEH
Assistant Professor of Civil and Environmental Engineering Faculty, 

Amirkabir University of Technology (Tehran Polytechnic), Tehran, Iran
Mbanazadeh@aut.ac.ir

Keywords: Seismic Isolation, Performance-Based Design, Fragility Curves, Incremental Dynamic Analysis, Immediate 
Occupancy Performance Level



408

SEE 7

International Institute of Earthquake Engineering and Seismology (IIEES)

stage. Figure 1 shows a sample of these responses. Morgan and Mahin (2011) has introduced maximum interstory’s drift 
and story’s maximum acceleration limit states for IO. Table 3 indicates the quantity value of these parameters.

Figure 1. EDP vs. IM Curve of 4-story Building with DBE transformed Period 2.5 second

 Table 3. IO Performance Limit State (Morgan & Mahin, 2011)
Performance Index Performance limit state

Maximum Interstory Drift Ratio 0.8%

Maximum Story Acceleration 0.5g

Next, by calculating conditional failure possibility, fragility curves were plotted in Figure 2. The curves confirm that 
Seismic Isolation in decreasing possible damage corresponding to IO level much more than Fixed-Base structures and this 
is the goal which has been pursued by means of isolation technology. Therefore current modern standards are able to meet 
prerequisites for preparation of IO level. It also shows that IO is more efficient in 6- and 8-Story models. Majority failures 
of 4-story model are because of their exceedance in acceleration limit state. Results show that whatever the structure height 
becomes more, Interstory drift will have more share in reaching limit state criteria.

 Figure 2. Immediate Occupancy Fragility Curve
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