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Downhole Seismic Testing (DST) such as Seismic Cone Penetration Testing (SCPT) is a widely used geotechnical
technique for estimating low-strain in-situ interval velocities and absorption values. The in-situ interval velocities form
the core (Shear Modulus (G), Poisson’s Ratio { p ) and Young's modulus (E)) of mathematical theorems to describe the
elasticity/plasticity of soils and they are used to predict the soil response to imposed loads. The horizontally polarized
shear wave is also an important parameter for evaluating liquefaction potential due to fact that it is influenced by many of
the variables that influence liquefaction. Estimates of low-strain absorption values are very important for predicting and
assessing ground amplification during earthquakes. The low-strain absorption estimates also provide for a reference of
laboratory tests such as the resonant column test. When processing DST data sets the majority of investigators assume
the seismic source waves in DST travel in straight lines (the so-called Straight Ray Assumption (SRA)). The SRA is an
inaccurate assumption. Source wave trajectories adhere to Fermat's principle of least time. This means that the raypath
travels along the trajectory that minimizes the travel time between points. This paper outlines algorithms which estimate
DST interval velocities and absorption values by implementing Fermat’s principle of least time. Test bed simulations and
case histories are also outlined which demonstrate the importance of implementing Fermat's principle when processing

DST data sets.
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