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Study on the Mechanism of Generating Lateral Earth Pressures
using Centrifuge with Movable Earth Support Equipment

by Yasuo Tovosawa*, Kazuya Iton* and Surendra B. TAMRAKAR**

Abstract: To prevent the accidental collapse of earth supports in construction work, knowledge
about collapse mechanisms, collapse precursors, and so forth are needed. However, the interaction
between the generation of lateral earth pressures, deformation of soil, movement of retaining walls
and the behavior that leads to collapse are very complicated. Therefore, it is difficult to predict
accurately whether the observed movement at a construction site will result in a collapse, or whether
the movement will stop. Further research is required to take account of wall movement, deformation
in the soil, and the phenomena that lead to collapse. This research investigates the interaction
between the generation of earth pressures and soil deformation due to wall movement. Centrifuge
experiments were carried out using the newly developed movable earth support equipment, which
controls the wall movements with high precision in a 50g centrifugal field. For the analysis of soil
deformation, an image-processing system was utilized.

The following conclusions were obtained.
(1) The lateral earth pressure decreased with the wall movement on the active side in every test,
however, the redistribution of earth pressure, displacement of the model ground, and development
of strains varied depending on the mode of wall movement.
(2) Until the movement of the wall reached X/L =0.01, the activated area propagated behind the wall
in a wedge shape. After the rupture surface appeared (analyzed by image processing) , the
deformation area was limited within the rupture surface and wall.
(3)For rotation about the top, translation and center swelling (Crank mode) cases, the lateral earth
pressure on the upper part of the wall was close to the line of earth pressure at rest and the lateral
earth pressure on the lower part of the wall was smaller than Rankine’s active earth pressure at
around X/L =0.02, so it is assumed that the arching action has a significant effect on the redistribution
of earth pressure.
(4)In the case of rotation about the base, it is supposed that the active state started from around
X/L=0.01.
(5)The calculated earth pressures by using Rankine theory are almost same as the measured earth
pressures.
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Fig. 1 Schematic diagram of in-flight movable Earth
Support Equipment.
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Table 1 Properties of Toyoura Sand.
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Fig. 2 Wall movement modes.
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(Case3 : Crank mode).
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(Case9:Crank and rotation about bottom).
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Fig. 31 Distribution of lateral earth pressures on
wall (Case18 : Crank and rotation about
bottom).
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Fig. 35 Distribution of lateral earth pressures on wall.
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Fig. 36 Distribution of lateral earth pressures on wall.
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