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Experiments were conducted on the sample of Berea sandstone to measure the Cartesian components of the particle
velocity and components of the strain tensor, for the first seven longitudinal modes and first three torsional modes of
the sample with free boundary conditions. Measurement were performed using a 3D laser vibrometer (Polytec PSV-
3D-500), following the setup shown in Fig. 1. This device can measure the three Cartesian components of the velocity
vector over a predifined mesh and compute the resulting strain field on this mesh. Longitudinal modes were measured
on the sample using a mesh of 473 surface points spanning its entire length. Particle velocities plotted on the deformed
mesh and corresponding strain fields are depicted in Fig. 2. The velocity field is dominated by its X-component as
expected from a longitudinal mode. Note that the 7th order mode exhibits some loss of symmetry, most likely as a
result of the sample having one end instrumented with a transducer and one end free. Pure longitudinal modes could
not be generated in the sample beyond the 7th order. For each mode, the relationship between the X-component of
the particle velocity at the free end of the sample and the maximum strain yx in the sample was established. A
similar approach was followed for the torsional modes. The number of measurement points was reduced to 301, due
to the presence of shear transducers on the round surface of the sample. Particle velocities plotted on the deformed
mesh and corresponding strain fields are depicted in Fig. 3. The deformed mesh indicates that pure torsional modes
are indeed generated in the sample. However, the transducer configuration required to induce a torsional motion in
the sample breaks the symmetry of the system even further and pure torsional modes could not be generated in the
sample beyond the 3rd order. The relationship between the -component of the particle velocity at the end of the
sample (where the compressional transducer is located) and the maximum strain y in the sample was established
by looking at the y-component of the particle velocity and y, component of the strain along the center line of the
mesh. Along this line, the aforementioned Cartesian and cylindrical components are equivalent.

FIG. 1: Photograph of the instrumented sample being scanned by the 3D laser vibrometer.
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FIG. 2: Particle velocities and strain fields measured over a mesh of 473 points on the surface of the sample, spanning its entire
length. In the figure, red and blue colors indicate that the quantities of interest haves reached maximum and minimum values,
respectively.
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FIG. 3: Particle velocities and strain fields measured over a mesh of 301 points on the surface of the sample, spanning a portion
of its length. In the figure, red and blue colors indicate that the quantities of interest haves reached maximum and minimum
values, respectively.



