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Introduction
Dynamic elastic properties of transversely isotropic media are usually determined based on the pulse transmission measurements taken vertical, parallel, and 45o oblique to the foliation of rock samples. The axis of the wave beam skews or deviates from that of the piezoelectric transmitter when the transmitter’s symmetric axis is 45o oblique to the foliation. Therefore, the transit time measured by the receiver straightforward facing the transmitter is slower than it should be and consequently leads to incorrect interpretations of the elastic dynamic properties. To overcome these difficulties, we modified the pulse transmission measurements taken on hexagonal prisms and applied the new method to measure the dynamic elastic properties of eight anisotropic metamorphic rocks collected at outcrops extending outwards from the Alpine Fault, S. Island, New Zealand. Our published program is used to help analyze the experimental results (Li and Schmitt, 2018).
Methodology
The improved experimental configuration is shown in Fig. 1. The measurements of 0o and 90o phase velocities are similar to the previous studies. The measurement of 45o P-wave phase velocity is different that the widths of the transmitting and receiving surfaces are not identical because the receiving surface for the measurement of the 45o phase velocity should be as wide as possible to 
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Fig. 1. (a) Schematic of experimental configuration and (b) real sample. The gray planes indicate the foliation of the sample. The blue circles are longitudinal-mode piezoelectric discs, the red squares are shear-mode piezoelectric plates and the yellow pads are strain gauges. The piezoelectric transducers are labeled in the following way: “T” and “R” represent the transmitter and the receiver, respectively; “p” and “sh” indicate the wave mode; “0”, “45”, and “90” indicate the direction of the phase velocity. Rp450 is the receiver placed in the straightforward position for the measurement of 45o P-wave phase velocity and Rp45n is the receiver placed in the beam arrival position.
receive the skewed beam. The receiver placed at the straightforward position is noted as Rp450 and that placed at the beam arrival position is noted as Rp45n. The whole separation between Rp450 and Rp45n should be covered with multiple receivers so that the beam could always strike one of the receivers even though the beam skews with different angles under different confining pressure.
Results
We measured eight samples and sample NW1 is shown as an example. The measured phase velocities are shown in Fig. 2 and the dynamic elastic properties are calculated based on these phase velocities.
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Fig. 2. Fig. 16. Phase velocities calculated from the picked transit times under different confining pressures. (a) P450 (measured by the receiver faced straightforwardly to the transmitter) and P451(measured by the receiver placed at the shifted position) and (b) P0, P45, P90, SH0, and SH90.
Discussion
(1)The effect of beam skew on the measured dynamic elastic constants. The results show that The beam skew issue slightly affects the determination of Young’s moduli and Poisson’s ratio PR12 while it seriously affects the determination of bulk modulus and Poisson’s ratios PR13 and PR31. At atmosphere pressure, the relative errors in Young’s moduli E1 and E3 are relatively small equaling 1.98 % and 4.56 %, respectively. The bulk modulus K is affected more obviously with a relative error of 21.22 %. The Poisson’s ratios PR13 and PR31 are affected most being more than 200.0 %.
(2)The comprehensive effect of beam skew and diffraction. For the finite-size transducers, both the thickness of the sample and the size of the piezoelectric ceramic affect the transit time of the pulse due to diffraction. If the beam skews, as the increase in the ratio of thickness over transmitter size, the error in transit time caused by diffraction and beam skew decrease at first, then increase to a stable value. The shape of the error in the transit time is tick shape.
Conclusions
We demonstrate the effect of beam skew on the determination of the dynamic elastic properties of transversely isotropic rocks and proposed an experimental method to effectively mitigates this issue. The results show that when the anisotropy is strong the error caused by the skew of the beam reaches 3.6 %. Since the elastic constant C13 is sensitive to the phase velocity in the direction 45o oblique to the foliation, this error can cause serious errors in the measured C13 and the referred elastic moduli.
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