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Abstract: An gpproximate method for analyzing seismic response of non-proportionally damped base isolated
structures in time domain is derived by combining real mode superposition and Laplace transform method. The
nortproportional damping matrix is expressed in the form of sub structural Rayleigh damping model. Three of the
isolated buildings which were designed by the authors have been used as numerical examples, inputting two
different earthquake waves under 3 different isolation damping levels. A comparison of calculated results is made
with complex moda superposition, the Wilson-6 method coded in double precision Fortran, and the Simulink
method in Matlab. It is shown that under the design damping level defined in this paper, i.e., the isolation damping
ratio is 0.21, the result of the present method is basically as accurate as the Wilson-8 method, and the maximum
relative errors of the peak displacement, velocity and acceleration are less than 0.07%, 0.19% and 0.27%,
respectively, of their maximum response. Even if under an extremely heavy damping level (isolation damping ratio
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0.81), the maximum relative errors of al peak responses of interest are till less than 4%, indicating that the

method presented in this paper is sufficiently accurate for use in engineering anaysis.

Key words. disaster prevention mitigation and protection engineering; seismic response of base isolated
structure; real mode superposition; non-proportional damping; structural control; dynamic analysis
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4 Tablel Comparison of the present method with other two
common methods
Wilson-6
1
) 2nx2n
Wilson-6 — —
. nx n
[12] Rayleigh
2)
[15] 18 MATLAB
3 MATLAB Simulink [9]
. FORTRAN
Wilson-6 )
Wilson-6
2 El Centro (1940, SOOE)  Taft(1952,
S69E)
z,=0.21
4
2
Table2 Parameters of isolated structures
1 3
m /kg ki/N- mt m /kg ki/N- mt m /kg ki/N- mt
1 883967 862021000 1125402 1614600700 746409 854381520
2 879801 729067000 1239436 1613825570 746409 921615130
3 879801 607556000 1239436 1613825570 746409 921615130
4 879801 607556000 1239436 1613825570 746409 921615130
5 685040 607556000 1239662 1613825570 742216.5 921615130
6 - - 1454693 1371778100 742216.5 921615130
7 - - 512669 434463600 751354.5 921615130
8 - - - - 575894.3 851184360
9 - - - - 140828 286652190
50% 81700000 138200000 90200000
883514 1103057 601588 —
250% 51750000 88100000 54800000
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3
Table3 Parameters of input earthquakes
1 2
Imperid Vdley Kern County, CA
El Centro Tdt
SO00E SB9E
1940.5.18 1952.7.21
0706 /ms? 0706 /ms?

4
Table4 Parameters of damping in the structures

(DD) 021 0.05
(HD) 0.61 0.05
(ED) 0.81 0.05
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