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Azimuth dependence of strong motion amplitudes has been studied. The component waves of
short period strong motion are characterized to be random phases, since they are generated by
random fractures of small-scale fault heterogeneities (fault patches) and propagating real media
through multiple reflection, refraction and scattering. Such the waves donot show coherent azimuth
dependence like as one due to a point source radiation pattern. However, they show short period
seismic directivity effect. The effect comes from azimuthal variation of energy radiation due to the
finite-moving source. Azimuth dependence of maximum acceleration and rms acceleration has been
derived for a unilateral faulting as

a-mLPA)V?(c/i—cos )/
where a denotes the whole path attenuation, m is a number density of fault patches per unit fault area,
L is fault length, and 7 is the average seismic energy radiated from one fault patch. ¢ and # stand for
the velocity of shear waves and average rupture propagation, and 8 is station azimuth measured from
the direction of the rupture propagation. Strong motion accelerations due to the 1968 Tokachi-oki
earthquake and the 1983 Japan Sea earthquake do show such the azimuth dependence for maximum
and rms accelerations.
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Fig. 1. Strong motion acceleration at AKkita,
Japan for the 1983 Japan Sea earthquake of
May 26. Three components of original digi-
tal records are shown (a). (b): Filtered (5 to 10
Hz) records of the above. Note that the
double-peaked envelope is found on the orig-
inal and filtered records, which corresponds
to strong S-wave arrivals from two major
subevents.
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Fig. 2. Maximum accelerations of first and second major subevents for the 1983 Japan Sea earthquake.
They are calculated from two horizontal components of narrow band filtered accelerations after
correcting for the attenuation along the seismic ray path. The maximum accelerations donot show
any correlation with epicentral distances. They are plotted on each station azimuth. Curves in the
figure indicate the short period seismic directivity effect on the random seismic waves. The effect
originates from the azimuthal varation of energy flux from the finite moving source. Average rupture
velocity on the unilateral faulting is assumed to be 0.5, 0.8, and 0.9 of S-wave velocity.
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Fig. 3. Point source radiation patterns for P and composed S waves for reverse faulting with dip angles
of 45 and 60 degrees trending towards the north. The amplitude patterns, although they are relative,
would not match the observed variation in Fig. 2. Note that the reverse faulting gives little amplitude
variation for composed S waves (cf. the curve of S45).
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Fig. 4. Maximum accelerations of the 1968 Tokachi-oki earthquake, Japan, of May 16 (solid circles) and
its largest aftershock of May 16 (open circles). They are similarly obtained as those in Fig. 2. Soil
classification (1 to 4) of each station site is attached to the data. The number indicates that 1 is tertiary
or older bedrock, or diluvium thickness less than 10 m, 2 is diluvium thicker than 10 m or alluvium
thickness less than 10 m, 3 is alluvium less than 25 m including soft surface layer with thickness less
than 5m, and 4 is other than the above, usually soft alluvium or reclaimed land. Arrow shows the
direction of rupture propagation of the 1968 Tokachi-oki earthquake, assumed to N30° W. Solid curve
shows the short period seismic directivity effect on the maximum accelerations assuming the average
rupture velocity of 80% of shear wave velocity. Dashed curve is for the largest aftershock.
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Fig. 5. Ratio of root mean square accelerations between the 1968 Tokachi-oki earthquake and its largest
aftershock. The ratio is taken at the same station to remove the unknown correction for the site
magnification. Broken curve indicates the short period seismic directivity effect. And dashed curve
indicates the long period seismic directivity effect on the ordinary coherent waves. Here we have
assumed the direction of rupture propagation of the largest aftershock is due south, judging from the
aftershock distribution. Since the focal mechanism of the largest aftershock is almost completely
reversed compared to that of the main shock, the point source focal mechanisms give little effect on
the amplitude variation of the envelope and rms accelerations.
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Fig. 6. Ratio of maximum accelerations between the 1968 Tokachi-oki earthquake and its largest
aftershock. All the others are the same as those in Fig. 2 and Fig. 5.
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