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Abstract: Accidents due to collapse sometimes occur in trench excavation site. The need for de-

creasing these accidents is currently one of major concern. Air-bag support can expect laborsaving

of trench excavation. However, there are few research results about the air-bag for earth support,
and its prevention mechanism for trench collapse is not fully understood.

In this research, the centrifugal model experiment was carried out for the purpose of clarifying
the mechanism of the trench collapse prevention by the air-bag support. In this paper, a total of
fourteen centrifuge tests were illustrated. The trenches with a height of 125 mm and width of 50 mm
were made in the right and left side of the model grounds. The air-bag with a height of 50mm (25
mm and 100 mm for additional tests) and width of 50 mm (prototype size of the air-bag height is
1.0 m at centrifugal acceleration 20 G) was installed in the left-hand side of each trench. The model
grounds were made by kaolin clay or the intermediate clay (mixtures of kaolin clay and Toyoura
sand), which have different properties, strength, etc. While the centrifugal acceleration was raised
gradually, the pressure of air-bag was controlled so that it would reach to 0.02 MPa at a centrifugal
acceleration 20 G. The centrifugal acceleration was increased until the both trenches collapsed.

Based on the results of these centrifuge model tests, the deformation and failure mechanisms were
discussed. The conclusions are as follows:

(1) When the air-bag was installed, compared with the trench without air-bag, the trench collapsed
at the large centrifugal acceleration for both of clay and intermediated clay models. The air-bag
was effective as an earth support for trench excavation.

(2) The air-bag was effective in controlling the generation of cracks and the strain development in
ground, etc. and prevented the trench wall from moving inward.

(3) FEM analysis using Mohr-Coulomb’s failure criterion could follow the elastic behavior with
sufficient accuracy. The acceleration generating the plastic strain and the ground displacement
could be predicted correctly.

This research was performed as the joint research with Nippon Steel Corporation who developed
this air-bag support.
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Table 3  Test results.
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Fig. 5 Acceleration when slip line appeared.
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Fig. 6 Acceleration when slip line propagated up to
the surface.
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Fig. 10 Model for FEM analysis.
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Table 4 Parameters, etc. for FEM analysis.
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Table 5 Comparison between centrifuge tests and results of FEM analysis.
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Fig. 11 Calculated strain distribution (Case 3).
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Fig. 12 Calculated strain distribution (Case 4).
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