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REDUCTION OF ENERGY CONSUMPTION
IN TERRAMECHANICS

BY OPTIMIZATION IN LOADING PROCESS
FOR SOIL MATERIALS
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Abstract

The energy consumption during deformation or shearing process of geomaterials
heavily depends on the hysteresis behavior of geomaterials and loading rates. From the
point of minimum energy consumption, the optimum loading process is investigated in
this paper. To find the most efficient loading process, which minimize energy
consumption within some limited period, the variational method is applied to the
time-dependent stress-strain models of soil. Maxwell-Voigit model and Sekiguchi model
are chosen as a representative time-dependent model. Also densification tests are
conducted at various strain rates in laboratory. The test results show that the
Sekiguchi model predicts the soil behavior well, and the parameter of the optimum
loading is procured. In case of consolidation of clays, the optimum time history of loads
among various time histories is calculated from the consolidation theory. It is verified
by a set of experimental results. In case of unconfined compression test of soil mortar
specimens, the optimum loading rate which shows minimum energy consumption from
the initial state to the peak strength is investigated. Parameter sensitivities on the
energy consumption are discussed based on the empirical model of a stress strain
relationship of soil mortar. It is concluded that energy consumption during deformation
of geomaterials can be reduced by the optimization of loading process. The optimum
loading process is also examined through laboratory tests with a newly developed
testing apparatus, which simulates the penetration of a wedge. The small wedge is
penetrated into soil specimens at various speeds, and the relationship between the
loading speed and the penetration resistance is investigated. The proposed loading
method has the potential to reduce the energy consumption in wedge penetration.
These methods are expected to contribute to the improvement of the efficiency of earth

works, such as excavation of ground and compaction of soils.



