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Abstract: A laboratory experiment has been made to investigate seismic scattering
caused by cracks whose sizes are comparable to the seismic wavelength. The measured
wavenumbers of seismic waves and sizes of cracks are in the ranges of 0.28</%,2<2.8 for
P-waves and of 0.29<ksa<5.8 for S-waves, where %, and ks are the wavenumbers of P-
and of S-waves, respectively, and « is a half length of cracks. Test specimens containing
cracks were composed of piled up steel plates with aligned slits. The aligned slits were
thus regarded as aligned cracks in the present study. Three different shapes of slits were
prepared to examine the effect of crack shape on seismic scattering. P- and two cross-
polarized S-waves of 250kHz to 2MHz were transmitted perpendicularly to the direction
of the slit width. The scattering attenuations, @;' and Qs', of P- and S-waves were
measured by comparing the first arrival amplitudes of P- and S-waves propagating
through the slit specimens with those through the slit free specimen. The main results are
as follows: 1) Q' and Qs' decrease with the seismic frequency even in the frequency
range of wa/B<1 (w: angular frequency, 8 : S-wave velocity), where Q;' and Qs' have
been theoretically expected to increase with frequency. 2) When the porosity is constant,
Q' and Q s'increase with the slit width. 3) Qs for the S-wave motion direction parallel
to the direction of the slit width is larger than @s™* for the motion direction perpendicular
to the one. The difference of @s' between two cross-polarized S-waves increases with the
slit depth. 4) When the slit width is constant, @5'/Q5" is independent of the porosity. 5)
Qr'/Qs* significantly changes with the slit width, while it changes little with the slit
depth.
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Fig.1

Schematic expression of the model experiment. Steel plates were piled up between two

steel colums of 5cm height. Pulse signal were input with the transducer on the top, and
resultant signal were recieved at the bottom. Some plates have plain surfaces, while the
others have slits in one surface. Differences between amplitudes of first arrival signals
obtained with different plates give the amount of elastic wave energy scattered at slits.
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Tablel Sizes of slits.

plate type Ss Sl Ls
Slit pitch 5.0 5.0 5.0
slit width
(crack length) 1.0 1.0 2.5
slit depth
(crack width) 0.5 1.2 0.5
(unit ; mm)
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Cut plates used for experiments. Three different
types of cut plates were used. In each plate,
parallel slits are in 5mm pich. The cross section
of each slit has a square shape. The depth and
width of slits are different among plate types. In
comparison with Ss, Sl has deeper slits, Ls has
wider slits. Sl and Ls have about the same
volume of slits.

Fig.2
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Examples of resultant P-wave forms. 1MHz
transducers and plate-Ss were used. Each wave
form is labeled the number of plate-Ss. Ampli-
tude scale is normalized by the maximum
amplitude of the case (a).
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Fig.4 First arrival amplitude (A4/4,) of P-wave versus the number (N ) of cut plates. The
vertical axis stands for first arrival amplitudes normalized by reference amplitude Ao
after bandapass filtering of (2)500kHz, (b)IMHz, and (c)2MHz, respectively. The
symbols distinguishes the slit types.
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Fig.6 First arrival amplitude (A4/4,) of S-wave versus the number (N ) of cut plates. The

vertical axis indicates first arrival amplitudes normalized by reference amplitude Ao
after bandapass filtering of (2)250kHz, (b)500kHz, (c)IMHz, and (d)2MHz respectively.

Solid symbols are data for the polarization direction of S-wave perendicular to the slit
direction, open symbols are those of S-wave parallel to it.
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Qs*. The symbols are the same as in Fig. 6.
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