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ELASTIC WAVE VELOCITIES IN ANISOTROPIC
SEDIMENTARY ROCKS

by Teruo NISHITAKE and Yukio MIYOSHI

Synopsis

Elastic wave velocities and elastic constants of shale and clay slate are measured
using ultrasonic pulse method. Five independent elastic constants can be determined by
three experiments using two samples with different directions. It is concluded that
dilatational wave velocity along the direction of sedimentation is greater than that
along the horizontal, and that shear wave velocity along the horizontal with particle
motion in the direction of the horizontal is greater than that with particle motion in
the vertical direction. (SV<SH)
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Fig. 1 Path of the wave. OABO’ indicatse path of the second-
arrival-wave. (1) and (2) are the velocity and wave
surface respectively.
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Fig. 2 Directions of the rock samples
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Table 1 Dimensions of the rock samples

a b c [}
Sample No. rock (cm) (em) (cm) (g/cm®)
1 shale 0.6159 0. 6160 2.5388
2.724
3 shale 2.5388 0.5273 0. 6858
5 Clay slate 0.6199 0.6223 2.650
e . . S 2.646
8 Clay slate 2.5352 0. 4790 0.7171

@ :length in x-axis (the direction perpendicular to sedimentation)
b : length in y-axis (the direction perpendicular to sedimentation and perpendicularto

x-axis)

¢ :length in z-axis (the direction of sedimentation)
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Fig. 3 Block diagram of the pulse experiment.
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Fig. 4 Typical records of pulses. The arrows indicate arrival
times of the first and second pulses. The upper and lower
indicate the sample No.l and 3 respectively.

Table 2 Elastic wave velocities and elastic constants of rocks.

km/sec | Vi | Vs [ Vs Vi
Shale | 5.42 | 3.40 | 5.56 3.03
Clay Slate | 5.81 ! 3.12 | 6.06 2.88
e Cu Cu Cis Cus Cu
Shale 7.99 1.69 1.82 8.42 2.50
Clay Slate 8.95 3.80 i 3.70 9.71 2.20
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V. : Velocity of dilatational wave in the direction perpendicular to that of sedimentation,

V' Cu/p.

Vs : Velocity of shear wave in the direction perpendicular to sedimentation with part-i
cle motion in the horizontal line. (SH),1/(C,,—C)/25.

Vs : Velocity of dilatational wave in the direction of sedimentation,1/Cg/p.

V.: Velocity of shear wave in the direction perpendicular to sedimentation with particle
motion in the direction‘ of sedimentation (SV)=velocity of shear wave in the dire-
ction of sedimentation, 1/C,/p.

Note : z-axis is the direction of sedimentation.

Table 2 (=, MEFEEEZOBREYRL TH oD,
4, ¥ E]

FIOCKRER, BAZHDT, ELWLOT, EbbhtRLEHHRILLDTHBDT, b, T
NRTOBEEKRECOWCOREEEEY R T 503, BIHThanbahinns, T2 T, ®ROX
Sl e, BrHEEXDNRE,

1) #EPETi, BeBEEFAOEEL, FAHROTHAIDRE,
2) KEHEOBE I, BCPTCRETHHOKEY, EEOLH L IRE Y, (SH>SV)

THb, LHENEERNECEL T,

1) 2@EOw v AT, SEHOERIC LY, NHARROTRCOBEHRHIRETE 5,
2) HEOFET 2HBOREHRE 2 FE L, T 45° OREOY Y IARBEE L, tofRhic
CEICR WYY FADTRE LY AV, Cu DRENAEES,

g2 ¥ T ®

1) Hughes, D.S. and Cross, J.H.; Elastic wave velocities in rocks at high pressure and
temperature.: Geophys., vol.‘vlﬁ, 1951, p.577.

2) Balakrishna, 8:; Isotropic behavior of rocks. Curr. Sci., vol. A24, 1955, p.177.

3) A.E.H. Love; The mathemati'cal theory of elasticity. Dover Pub. Inc. 1944.

4) Ossipov, 1.0O.; Reﬂection and refraction of plane'élastic waves at the boundary of two
anisotropic media. Izv. Geophys. Ser. No.5, 1961, p.649.

5) Nishitake, T. and Araki, J.;Transmission of elastic pulses in anisotropic plates. Mem.
Ehime Univ. Sect. III vol.5, 1967, p.83.



