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ANALYSIS OF NONSTATIONARY CROSS SPECTRUM
OF EARTHQUAKE MOTION BY MULTIFILTER
TECHNIQUE

By Hiroyuki KaMEDA, Tsutomu Sawapa and Noriyuki KAMEI

Synopsis

Consideration of Nonstationary correlation in multivariate and multidimensional earthquake
motions is important in the design of large foundations and spatially extended structures.
In this study, an effective technique for the nonstationary cross spectrum of multidimensional
and multivariate earthquake motions is developed by multifilter technique, which is an
extension of nonstationary power spectrum analysis proposed by Kameda. The multifilter
technique has advantages such that the resolution of spectral components in time and frequency
domain is better than that of repeated Fourier transformation and band width in frequency
domain is proportional to the frequency.

Two parameters, that is, damping parameter and smoothing parameter in time domain,
are decided by numerical calculation using some Japanese strong motion records. We discuss
the physical meanings of nonstationary coherency and phase differences which are obtained
from nonstationary cross spectrum. In numerical examples, the nonstationary coherency and
phase differences are calculated using SMART-1 array data in Taiwan. On this basis, the
validity of the technique proposed herein is examined and some discussions are made on
nonstationary coherency and phase differences of multivariate earthquake motions.
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Fig. 8 Group Delay Time and Amplitude of Nonstationary
Cross Spectra of 006-C00.
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Fig. 9 Group Delay time and Amplitude of Nonstationary
Cross Spectra of M06-CO00.
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Nonstationary Coherency
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006 - €00 e~ Coherency by Weighted Average
Lo v L2-B2 14 8 HE 0 5.4 B
0.8 \ ) \\ 0.1 0.1
P D
g o 0.6 a 0.8
] I \ 3
2o ' 04 ﬁ
3 1T
o A VAN
4. 10. 6 mzo.o 36,0 %30 0.0 20.0 300 i 0.8 20.0 0.0
Lo Lo L4 E2 1 e L1
[X] /\ .3 0.8
Lol
g o [X] 0.
5
g 0.4 0.4 0.4 ‘ A
0.2 o2 FFETVIS [ %] ”14\ - 'r\
V PN
g 0.0 20.0 30,0 - 4.5 10.0 20.0 0.0 3.4 T10.0 2.0 0.0
) LEHZ 1 L3HZ |, . LA X
0 [N] 0.8
LS
%]
§ 0.8 ws A 0.6
@ 3 L i
§ 4 [ e : 0.4 A
-t 0.2\4‘w I Rr/\l\/‘f\’\z MVHAAA Moa 4
. . M, BRSO NT
‘s.n 6.0 20.0 30.0 '3.0 0.8 20.0 3.0 -8.« 10.0 20,0 30,0
Time (sec) Time(sec) Time(sec)
Fig. 10 Nonstationary Coherency and Representative Values
by Modeling and Weighted Average (006-C00).
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Fig. 11 Nonstationary Coherency and Representative Values
by Modeling and Weighted Average (M06-C00).
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Nenstationary Coherency
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Fig. 12 Nonstationary Coherency and Representative Values
by Modeling and Weighted Average (106-C00).
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