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Table 1 .Minimum performance objectives for new buildings
with seismic isolation system [9]

O: Operational, 10: Immediate Occupancy, LS: Life Safety
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Fig. 3. Bilinear shear behavior model of isolator [9]
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Fig. 1. Plan view of designed structures with perimeter bracing
frames
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(sec) ratio (sec) ratio (sec) ratio
1 0.837 68.85 0.835 68.84 0.2 0.008
2 0.828 70.03 0.828 69.59 0.029 0.6
3 0.554 3.17 0.561 25 14 21.1
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Distance from the fault PGA (max)

Earthquake name Station Year magnitude Type (km) ©)
Manyjil Abbar 1990 7.4 Far field 12.6 0.51
Cape Mendocino Rio Dell Overpass 1992 7 Far field 14.3 0.55
Kobe Nishi-Akashi 1995 6.9 Far field 7.1 0.51
Sarpol-e Zahab Sarpol-e Zahab 2017 7.3 Far field 39 0.69
Tabas Dayhook 1978 7.4 Far field 13.9 0.41
Erzincan Erzincan 1939 6.7 Near field 4.4 0.50
Gazli Karakyr 1984 6.8 Near field 5.5 0.86

Bam Bam 2003 6.6 Near field 1.7 0.81
Loma Prieta Saratoga-Aloha 1989 6.9 Near field 8.5 0.51
Parkfield Parkfield-fault zonel4 2004 6 Near field 8.8 1.31

Table 7. Specifications of earthquake records
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Abstract

Base isolation is an effective technology for reducing seismic damage to structural and non-structural
components as well as building contents, allowing buildings to maintain their function during and after a rare,
high-intensity earthquake. This makes it an ideal seismic response correction system for importance buildings.
The main advantage of isolated structures is that seismic responses can be easily and effectively reduced by
prolonging the period and increasing damping. Therefore, the natural period of the structure isolated from the
base is longer. In this paper, a new energy balance method is used to design a lead rubber bearing (LRB)
isolator. Energy balance method is an analysis method to evaluate seismic resistance based on the balance of
seismic energy input to buildings due to ground motion and energy absorbed by the building. In other words,
the energy balance method is a response prediction method to approximate the seismic response of buildings
isolated from the foundation. This method is effective for determining the relationship between ground motion,
seismic isolation period and the effect of reducing the reaction of dampers. In this method, the specifications
of the isolation system, including stiffness, yield shear force and viscous damping ratio, are adjusted in such a
way that the maximum shear and maximum displacement in the isolation system do not exceed a certain value
determined by the designer. This allows the designer to limit the maximum displacement at the isolation level
to a certain amount when there is a constraint on the supply of separation distance around the building and the
isolated level. Also, by limiting the maximum shear of the isolators, it is possible to use the base isolation
system for retrofitting the existing structures that have a certain lateral capacity.

This design method was first proposed and used in Japan. This method has been recently proposed in the
Iranian regulations (which is being drafted) and has not been used much in this country so far. Its advantages
include no need for trial and error in the design process, the possibility of designing a rubber and frictional
type of seismic isolator, the possibility of using a viscous or hysteretic damper, or a combination of both at the
isolator installation site. To evaluate the accuracy of this method, three 5, 10 and 15-story steel structures with
an ordinary concentric braced frames in both directions for clinic usage have been modeled and under ten near
and far-field earthquakes in the by the nonlinear time-history analysis method have been analyzed. The results
obtained from the time-history analysis are in good agreement with the estimated results of the energy balance
method. The error percentage related to the displacement of isolator compared to the value assumed at the
beginning of the design for 5, 10 and 15-story structures is 0.6%, 0.11% and 0.74%, respectively. Also, the
percentages of error related to the maximum shear of isolator compared to the value obtained from the
performance curve for 5, 10 and 15-story structures are 12.63%, 13.32% and 14.67%, respectively.

Keywords: Base isolation, energy balance method, 3-D steel structure, near and far-field earthquakes in,
nonlinear time-history analysis
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