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Evaluation of slope stability and displacement by Energy-based Newmark method
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Abstract
The present author previously proposed energy-based evaluation on earthquake-induced slope failures of long travel
distance essentially for natural slopes. As a next step, simplified numerical analyses are conducted for relatively
small slope displacements where the Newmark type straight slope model, with various slope angle, stiffness and
sliding soil thickness, is shaken by one-dimensionally propagating harmonic SH wave, and the earthquake energy
dissipated in slope sliding as energy difference between upward and downward waves is confirmed identical to the
friction energy by the sliding. A series of numerical analyses have clarified that residual slope displacements J, are
uniquely correlated with the dissipated wave energy determined from upward wave energy using various pertinent
parameters. The upward wave energy at a slope can be calculated from incident energy at a base layer using
empirical attenuation formula. This indicates that J, can be readily evaluated without using acceleration
time-histories unlike the conventional Newmark method. The evaluation procedure has been developed based on
the numerical results and previous studies on how wave energies during earthquakes are determined. An example
study for road embankment displacements of varying hypocenter distances during a M6.8 earthquake conducted using

the method has indicated consistency with a corresponding case history.

Key words: energy-based slope evaluation, wave energy, Newmark method, residual displacement, friction angle,

case study
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