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Fig. 1. Comparison of spectral ratios (mountain present over mountain absent)
between the finite difference solutions after BoorE (1972) and the
finite element solutions for vertically incident SH waves at the base,
mid-point, and the peak of a mountain. Models used in these caleula-
tions are also shown on the right side.
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Fig. 2. Amplification characteristies along the surface of a triangular canyon
for vertically incident SH waves. D, k, and L is a half-width, depth
of a canyon and incident wavelength, respectively. X is the distance
from the center of a canyon. The dotted line shows the results after
SANCHEZ-SEsMA and ROSENBLUETH (1979).
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Fig. 3. Schematic finite element model of cliff. The slant angle is 60°. A pulse
is applied at the base and it propagates up to the surface as a plane
wave. The velocities of P and S waves are 5.5 and 3.0 km/s, and the
density is 2.5 g/em?.

Table 1. Parameters used in the calculations. Fig. 3 3 EH ¥Vt fitHIY
P 52 - AT
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Density 2.5 g/em? Table 1 igiFTh 5. (AU
Time step 0.01 sec ERT AL DET D, 2Tk
Number of time steps 90 SETE SH-SV #2530 A S 543
Height of cliff 500 m P svsn - 3 it
Slant angle 60° FIT DO 'Ci»ﬁ:ulfﬂ‘?-%)- \—hcii—ﬂﬁ%
Pulse width 0.02 sec IR BN S e T e
Amplitude of pulse 5.0 ' HEBLTWB S E, HEEMARC
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Fig. 4. Seismogram  of displacements Fig. 5. Computed seismograms for SV

observed at selected sites A through incidence. The solid and the broken
P in PFig. 8 for SH incidence. Traces lines indicate the horizontal and vertical
are low-pass filtered to remove the components, respectively.
ringing phenomenon.
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Fig. 6. Wavefields for SH incidence.
tion is normal to this space,

The motion at a nodal point, whose direc-
is represented by a segment of a line.
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BULENH D, H, T=0 13-t F VTl Il S4BT 5. LTI
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Fig. 7. Wavefields for SV incidence. The motion at a nodal point is repre-
sented by a segment of a line as a vector.
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Fig. 8. The amplification at various sites along the surface. Frequency is
given in dimensionless units, as the ratio of the height of the cliff (H)
to the incident wavelength (L). SV-H and SV-V are the horizontal
and the vertical components for SV incidence, respectively.
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Fig. 9. The space distribution of the amplification along the surface. H and
L are height of the cliff and the incident wavelength, respectively.
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38. Behavior of the Elastic Waves Propagating through the
Irvegular Structures. I. Effects on Cliff by
Earthquake Ground Motions.

By Shinsaku ZaAMa,
Earthquake Research Institute.

It is very important to clarify the earthquake ground motion characteristics on and
around cliffs, since we have experienced heavy damage near cliffs due to earthquakes. Re-
cent good examples are the disaster at many cliffs in the Izu Peninsula due to the 1974
Izu-Hanto-Oki earthquake and the 1978 Izu-Ohshima-Kinkai earthquake. The finite element
method which is a powerful tool for determining the effect of structural irregularities on the
wave propagation was employed to clarify the problems. Both the characteristics associated
with time and frequency domains for plane SH and SV waves which propagate in a uniform
and linear-elastic material with Poisson’s ratio of 0.29 were studied. The source is a rec-
tangular pulse, the duration of which is short enough to allow easy identification of the
scattered waves.

The results are summarized as follows;

From the calculated seismograms,

(1) the amplitude of the main pulse is largest at the upper corner and is smallest at the
lower corner.

(2) The amplitude of the motion along the upper shelf approaches units as the distance
from the top corner increases.

(38) It is seen that the scattered waves with large amplitude propagate along the upper
shelf. Especially, Rayleigh waves induced at the top corner for SV incidence have half
the amplitude of the motion for a half-space.

(4) The scattered waves propagating along the sloping surface from the top corner and
along the lower shelf from the bottom corner are also seen, but these amplitudes are
small.

(5) The representation of the wavefields enabled us to grasp at sight the behavior of the
reflected, the scattered, and Rayleigh waves and the space distribution of displacements
in the horizontal and vertical directions.

(6) The amplification characteristics along the surface is obtained from the spectral analysis,
taking the ratio of the height of the cliff (H) vs, the wavelength (L) as the dimension-
less parameter for the case of H/L=1/4, 1/2, 3/4, and 1. On the whole, the amplification
characteristics depend on both wavelength and site conditions.

(7) The amplification reaches about 0.5 at the lower corner and about 1.5 at tbe upper
corner at particular frequencies.

(8) The difference of the pattern of the amplification between SH and SV-H increases
more at the shorter wavelength.

(9) The phases in the pattern of the amplification characteristics for SV-H and SV-V
are opposite and supplementary to each other.



