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/] ABSTRACT /

In order to evaluate the earthquake safety of equipment in structures, it is essential to analyze the In-Structure Response Spectrum (ISRS).
The ISRS has a peak value at the frequency corresponding to the structural vibration mode, but the frequency and amplitude at the peak can
vary because of many uncertain parameters. There are several seismic design criteria for ISRS peak-broadening for fixed base structures.
However, there are no suggested criteria for constructing the design ISRS of seismically isolated structures. The ISRS of isolated structures
may change due to the major uncertainty parameter of the isolator, which is the shear stiffness of the isolator and the several uncertainty
parameters caused by the nonlinear behavior of isolators. This study evaluated the effects on the ISRS due to the initial stiffness of the
bi-linear curve of isolators and the variation of effective stiffness by the input ground motion intensity and intense motion duration. Analyzing
a simplified structural model for isolated base structure confirmed that the ISRS at the frequency of structural mode was amplified and
shifted. It was found that the uncertainty of the initial stiffness of isolators significantly affects the shape of ISRS. The variation caused by the
intensity and duration of input ground motions was also evaluated. These results suggested several considerations for generating ISRS for
seismically isolated structures.

Key words: Base isolation, In-structure response spectrum, Initial stiffness of isolator, Effective stiffness of isolator, Ground motion
duration
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Table 1. Properties of bi-linear model of the isolator

Properties Value
QW 0.06
W(kN) 1,275
Q, (kN) 76.52
T, (sec) 2.0
ky (kN/m) 1,283
k,/k, 0.01
k, (kN/m) 128,305
k. yy (kN/m) 2,048
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Fig. 4. Input ground motion corresponding to the Reg. Guide 1.60
spectrum with ZPA=0.2 g
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Table 2. Definition of terms to the 2-DOF seismic isolation structure

Terms

Definition

Period of fixed structure (7, )

The first mode period of the fixed base structures

Seismic isolation mode period of seismic isolation system ( 7})

The first mode period (seismic isolation mode) about second stiffness of isolator at the
isolated base structures

Structure mode period of seismic isolation system (7] ;)

The second mode period (structure mode) at the isolated base structures

Seismic isolation mass factor («)

The mass ratio of 2 degree of freedom model considering the mass distribution of the
structure and basemat

Seismic isolation stiffness factor (3)

The stiffness ratio of the isolator to the stiffness of the structure

0.8 . ;
L \
06 E
05 0.4797 \
[ 7
o ]
E o4t ! .
w |
ol I
03} | :
|
0.2 | 1
I — =03
1 a=05
01 I a=0.7 |
I ..
§ 1 ! {
102 102 107 10°

A=k /k,)

(a) Ratio according to the seismic isolation stiffness factor

w
7]
B oaf

[

)

0.8 T
07
06

051

A

021 g

04T

0
1073

(1:(mi."ms)

(b) Ratio according to the seismic isolation mass factor

Fig. 7. Ratio of the super-structure mode period of seismic isolation structure over the structural mode period of fixed base structure
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Table 3. Seismic isolation period according to the initial stiffness
and the response amplitude at 7; ,

Ratio Effective period
. according to the effective| Amplitude at 7, ; (9)
variation .
stiffness (sec)
0.1 1.361 0.125
0.08 1.319 0.127
0.05 1.263 0.208
0.02 1.234 0.527
0.01 1.197 0.821
0.008 1.177 0.931
0.005 1.182 1.084
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0.001 1.160 1.006
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Fig. 9. ISRS changes according to initial stiffness
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Table 4. Effective period according to the earthquake intensity

Earthquake intensity variation

Effective period according to
the effective stiffness (sec)

100% 1.197
90% 1.119
80% 1.034
70% 0.943
60% 0.831
50% 0.708
40% 0.539
30% 0.421
20% 0.313
10% 0.233
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