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Shear wave velocity, Vs, is a useful soil mechanical property for determining the low shear strain (y = 0.0001%)
elastic shear modulus, which is required for both static and dynamic response analyses of earth structures. It is an
important geotechnical soil property for the design and analysis of geotechnical structures. It can be employed to
determine the maximum or small-strain (<10-3%) dynamic shear modulus (Gmax or Go) of the soil mass. Vs can be
easily obtained using laboratory or in situ testing techniques. Laboratory tests can be carried out on undisturbed soil
samples by simulating the field stress conditions or reconstituted soil samples from a site. However, obtaining good
quality undisturbed samples of granular soil deposits is very difficult and moderately expensive. In most geotechnical
investigations, the seismic properties (P- or S-wave velocity and the dynamic elastic properties) of granular soil layers
from in situ tests (such as the seismic cone penetration test) cannot be determined because of the high cost of
undisturbed specimens and the need for highly specialized personnel and equipment. There is increasing interest in
the use of Vs to study soil particle properties (e.g. shape, elastic properties, gradation) and the soil state and fabric
(e.g. void ratio, boundary stress). In the current study, the bender element and resonant column tests were conducted
on sand-gravel specimens. A bender element is an electro-mechanical transducer composed of two-layers of piezo-
ceramic plates that are cross-sectionally polarized. This allows for straightforward wave velocity measurement of soil
specimens. The BE converts electrical energy to mechanical energy (movement). The resonant column device is
commonly used in the laboratory to measure the low-strain properties of soil. This includes the dynamic properties
(shear modulus and damping ratio) of soil specimens at strain levels of 10-6 to 5x10-3 conducted according to ASTM
standards. In the RC test, Vs can be calculated using the solution of the equation for the linear vibration of a column-
mass system. The RC device is the most reliable laboratory method for measurement of Vs. The aim of this research
was to explain the effects on Vs of the relative density, mean effective stress, grading characteristics, consolidation
stress ratio and initial fabric anisotropy produced during specimen preparation. Five gradations of gravelly and sandy
material were used to study the influence of grading characteristics, consolidation stress ratio, depositional method,
relative density and mean effective stress on the dynamic properties of granular soil. The pure sand was clean,
uniformly-graded fine sand with a mean grain size of 0.6 and a silt content of less than 1% that was classified as SP
according to the unified soil classification system (USCS). The pure gravel was uniformly-graded soil with a
maximum particle size of less than 16 mm that was classified as GP according to the USCS. The measured values
from the resonant column and bender element tests also were compared. Comparison of Vs-BE and Vs-RC shows that
the results obtained by both techniques were in acceptable agreement for all specimens; however, there was a slight
difference between the two techniques at low values of Vs in which Vs-BE was consistently lower than the
corresponding values of Vs-RC. The results of these tests were employed to develop a generalized relationship for
predicting the Vs of granular soil. The Vs model was validated using experimental data from the current study and
from previous studies. The results indicate that the proposed model is capable of predicting the Vs of granular soil.

Keywords: Shear Wave Velocity; Sand; Gravel; Bender Element; Resonant Column; Anisotropy.



