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CHARACTERISTICS OF SURFACE WAVE MOTIONS BY FAULT DISLOCATION THEORY FOR
PREDICTING RELIABLE SEISMIC RESPONSE OF LONG-PERIOD STRUCTURES

) . *)
and Shigeru NODA

*

Yoshikazu YAMADA

Recently, engineers are primarily concerned with aseismic design of

large-scale structures such as high-rise buildings, long span suspension bridges,

large o0il tanks and other long-period (5 to 20 sec) structures. Past experience

shows that these structures are often vulnerable during great earthquakes.

Therefore, it is of urgent need that more gquantitative analyses should be made for

disclosing the importance and characteristics of surface waves in strong ground
motions.

For this purpose, displacement records of strong motion seismographs
(period=6 sec and magnification=1) at L0 observatories of JMA during the 1983
Nihonkai-chubu earthquake (M=7.7) are investigated. For reference, the seismo-
grams recorded at 4 stations are shown in Fig.2. In Niigata City at the distance
of approximately 270 km from source, damage to oil tanks is attributed to large
sloshing waves induced by surface waves. Fig.l shows that sloshing wave height in
a typical large tank (slosing period=l0 sec) is as large as 4m. The freeboard
height 2 m (S_=100 kine) provided by the current design practice is inadequate.
In Fig.3, maximum displacement seismograms (D) differ largely with epicentral

distances. Maximum values show large scatters to most probable index G{L_of
amplitude as shown in Fig.4. Herein, an empirical formula, log D, = 0.45 log X. +
0.111 (i=No. of observatory), is obtained. These results indicate the fact thHat

seismic response of long-period structures during a great earthquake is
considerably enhanced at large cities in Japan such as Yokochama and Niigata etc.

Next, this paper attempts to point out the importance of medium- and source
parameters on deformation of surface wave, using the normal mode theory of the

surface wave with a fault dislocation source. Several important formulas are
presented to calculate the partial derivatives of phase velocity, group velocity,
medium response function, eigenfunctions for displacement and stress, and

amplitude spectra of Love wave with respect to medium and source parameters. The
theoretical method employed here will be proved to be useful so as to examine
various uncertainties in <the fault rupture process and in the wave propagation
medium, ’

At El Centro, the displacement ground motion of periods of more than several
seconds generated by the 1968 Borrego Mountain earthquake can be synthesized. The
parameters of crustal model beneath El Centro (Fig.6) are shown in Fig.7. The
phase and group velocity curves of the model are shown in Fig.8 and medium
response functions shown in Fig.9. The partial derivatives of medium response,
group velocity and eigenfunctions for crustal parameters are presented in Figs.10
to 1l2. Macro fault parameters are presented in Table 1. Comparison is made
between calculated displacement Love wave and transversely polarized long-period
displacement motion at E1 Centro. With respect to wave-form and duration of
severely shaking portion of the displacement motion, the calculated wave seems to
be not significantly different with the recorded one as shown in Fig.l3.
Numerical results on effects of soil condition and source mechanism for wave-form
of Love wave are presented in Fig.l14. The crustal structure has very significant
effects on wave-form and duration, especially near-surface shear velocity is more
significant than density. Accordingly, as the layered crust becomes soft, the
increasing tendency of the amplitude 1is recognized. The effect of source
mechanism of a fault is somewhat more complex owing to the quality factor and rise
time, but source parameters are not so sensitive to the amplitude compared with
soil condition.

*) Department of Civil Engineering, Faculty of Engineering, Kyoto University
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