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Fig. 1. Finite element model for a half-space. A square pulse is applied at
the upper right corner. The horizontal displacements are held to zero
along the right side of a model so that no Rayleigh waves propagate
along this surface. S wave velocity, Poisson’s ratio, and density are
3.0km/s, 0.25, and 2.5 g/ce, respectively. 1 time step is 0.0lsec and
the pulse width is 0,02 sec.
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5o NG BY, TICEBEEC Tig. 2. Calculated displacement seismograms
SWTHE LTAR 5. Fig. 4 13 along the free surface of a half-space. The
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Particle motion

W Wh
w‘t
Half Space Upper to Lower Lower to Upper
at point B at point B
u'/u=3.7 w'/w=2.3 u"/fu=0.7 w"/w=0.7

Tig. 8. Particle motions during the passage of Rayleigh phase for the case of
a half-space (left), a half-space with a step discontinuity when a source
is upside (center), and when a source is downside (right). Waves
propagate from left to right in this figure.
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Fig. 5. Travel time curves for Rayleigh waves and body waves.

Table 1. Propagation velocity of waves obtained from Fig. 4 and Fig. 5. S
wave velocity in a continuous medium is expressed as unit.

Propagation velocity of waves

FEM Theory (A=p)
S wave velocity 0.97 (=V) 1.0
P wave velocity 1.67 (=1.72V) 1.7382

Rayleigh wave velocity 0.87 (=0.90V) 0.919
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Fig. 6. Finite element model for three- Fig. 7. Displacement seismograms along
quarters space. Parameters (wave the surface of three-quarters space.
velocities, source, time step ete.) used The solid and the broken lines in-
in this case are the same as for a dicate the horizontal and vertical

half-space. components, respectively.
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Tig. 8. Particle motions at various sites dur-

ing the passage of Rayleigh phase. Particle
motions of upgoing waves are enlarged
10/3 times. The broken circle is drawn
with its center at nodal point where particle
motions are shown and with a radius of
arbitrary unit. Numerals show the dis-
tance (in km) from a source. The circles
indicate the positions corresponding to the
time when the amplitude of the vertical
component of Rayleigh waves is the largest
for a half-space at the same distance from
a source. Rayleigh waves propagate from
right to left and go upward from the corner.
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Fig. 10. Finite element model for the case of a half-space with a step dis-
continuity when a source is upside. Parameters used in this case are
the same as for a half-space.
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13. Transmission (lower) and reflec-

tion coefficient (upper) of Rayleigh
waves incident on a downstep as a
function of step height normalized
by the incident wavelength.
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Fig. 14. Percentage of incident energy

lost to body waves by the existence
of a step discontinuity as a function
of normalized step height.
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Fig. 15. Finite element model for a half-space with a step discontinuity when

a source is downside.
half-space.

Parameters used here are the same as for a
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Fig. 16. Displacement seismograms along the
surface. The solid and the broken lines
indicate the horizontal and vertical com-
ponents, respectively.
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Fig. 18. Transmission (Jower) and reflec- Fig. 19. Percentage of incident energy
tion coefficient (upper) of Rayleigh lost to body waves due to existence
waves incident on an upstep as a of a step discontinuity as a function
function of normalized step height. of normalized step height.
SOURCE
Pacific Ocean A B C rertheastern Japan D Sea of Japan ?—._]_?ol(m
B N I T R N Y ST J T
e e
HVp=85 V4B =351 — : =

LTt

TTTIT
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V277

Fig. 20. Finite element model of the subduction zone beneath northeastern
Japan. The left side is the Pacific Ocean and the right the Sea of
Japan. The interval of C-D indicates northeastern Japan. The thick-
ness of the plate is 100 km. Rayleigh waves are assumed to be incident
from the left side (the Pacific Ocean).
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DISPLACEMENT

TIME (SEC?
27.07 160.00 200,00  2{0.00  250.00
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Fig. 21. Displacement seismograms ob-
tained by assuming the horizontal
layered structure. The solid and the
broken lines indicate the horizontal

Fig. 22. Displacement seismograms for

Fig. 20. The seismograms are con-

and vertical components, respectively.
The portions of the coda are contami-
nated by the reflected waves from the

taminated by the reflected waves from
the artifcial boundaries in a finite
element model shown in Fig. 20.

artificial boundaries in a finite element
model.
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Fig. 23. Particle motions obtained from Fig. 21 at every 20 km from a point
of the epicentral distance 120 km (left bottom). The epicentral distance
increases from bottom to top, then continues to the next row.
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Fig. 24. Particle motions obtained from Fig. 22 at the same points as shown
in Fig. 23.
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Fig. 25. Relation between maximum amplitudes and the propagation distance.
SUB-V and SUV-H indicate the maximum amplitude of the vertical
and horizontal components shown in Fig. 22. REF-V and REF-H in-
dicate the maximum amplitude of the vertical and horizontal compo-
nents shown in Fig. 21, respectively.
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Fig. 26. Spectra of the main pulses at C and 3% particle motion 7R L
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the west coast of northeastern Japan. re- N et v
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the spectra at C and D shown in Fig. 20. HIRIZR L TWw5b. BRIGEW:
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20. Behavior of the Elastic Waves Propagating through the
Irregular Structures. IV. Rayleigh Wawves.

By Shinsaku ZAMA,
Earthquake Research Institute.

We will consider the propagation of Rayleigh waves through the irregular structures
(three-quarters homogeneous space, step on a homogeneous half-space and subduction zone).
A finite element method and a transient excitation are used to solve the problems in the
time domain. Transient excitation seems more advisable than the eigenvalue approach,
because the synthetic seismograms which are very consistent with usual observations can
be obtained easily. Rayleigh waves are normally incident on the irregular structures, so

the problem is two-dimensional.
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First, the waves generated by a transient excitation in a homogeneous half-space are
confirmed as Rayleigh waves in comparison with the theoretical results in respect to wave-
form, amplitude, particle motion, travel time, and so on.

For three-quarters homogeneous space, the amplitudes of Rayleigh waves become smaller
and the axis of the particle motions leans somewhat when approaching the corner. After
the incidence of Rayleigh waves on the corner of three-quarters space, transmitted Rayleigh
waves with small amplitudes propagating along the free surface and the converted S waves
going straight with large amplitudes in a medium are seen. Reflected Rayleigh waves are
rarely observed.

Next, we study the propagation of Rayleigh waves through a step discontinuity when
a source is upside and downside of a step. When on the upside, the reflected and two
groups transmitted Rayleigh waves are seen in the computed seismograms along the surface.
The converted body waves are seen in the wavefield representations. At the upper corner,
Rayleigh waves have large amplitudes. The magnification is about 2.3 for the vertical
component and 3.7 for the horizontal component. The axis of the orbits of Rayleigh waves
at the upper corner has a level of 45 degrees. When on the downside, we observe Rayleigh
waves propagating along the surface, but cannot observe the waves going straight at the
surface, which considered as S waves with large amplitudes from the wavefield representa-
tions. Reflected Rayleigh waves from the lower corner are scarecely seen. The transmis-
sion and reflection coefficients are computed from the seismograms for both cases as a
function of normalized step height by the incident wavelength. Using these values we
caleulate the energy loss of the incident Rayleigh waves by the existence of a step dis-
continuity. The patterns obtained for both cases are very similar to the results obtained
by several authors. However, the amount of the energy loss is slightly larger in the latter
case than in the former case in this study. Thus, the transmission and reflection coefficients
and energy loss somewhat depend on the direction of the incidence of Rayleigh waves.

Finally, we treat the propagation of Rayleigh waves across the subduction zone beneath
northeastern Japan. The finite element model is produced by simplifying the crust and
upper mantle structure which is derived from explosion seismic observation. It is assumed
that Rayleigh waves are incident from the Pacific Ocean. The obtained seismograms show
the complex features. The amplitudes of both vertical and horizontal components depend
on the site condition. The pattern of SUB-D is similar to the one of SUB-C shifted to a
longer period. SUB-D has an amplitude 2.2 times as large as REF-D at a period of about
40sec. Our model is not good enough to describe the effects of the scattered waves. If
we choose a model more carefully, we will be able to know the behavior of Rayleigh waves
propagating across this area in detail. Then the finite element method will be a powerful
tool to understand the tectonics of the subduction zone through a comparison with the
observations.

Through this study and the previous works (Zama, 1981a, b, ¢), we have shown that
this method is very usefull for studying the behavior of all elastic waves propagating the
irregular structures.



