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3. Stability of Trench Excavation Under Construction Machinery Load.
by Yasuo TOYOSAWA** Kazuya ITOH** and Junjie YANG***

Abstract; There are many labor accidents in which the workers are killed and buried under collapsed
ground when the construction machinery such as a drag shovel falls or topples over the edge of the trench
during excavation. Based on the labor accident reports, during the period of 1994 to 2002, there were
approximately 30 workers killed every year in Japan due to this type of failure. To prevent the loss of life
and injury caused by the ground collapse, it is necessary to gain more understanding about the effect of
construction machinery load, geometry of ground excavation (e.g. slope angle and excavation depth) and
characteristic of ground strength on the stability of trench excavation.

This study examined the stability of the edge of excavation under the load of construction machinery
by the following procedure: 1) The load of construction machinery was modeled; 2) Failure behavior and
depth of excavation were studied by conducting centrifuge model tests using an in-flight excavator, with
the magnitude of the machinery load, position of the load, etc. as parameters; and 3) The test results were
evaluated by upper bound solution.

1) Modeling of Construction Machinery Load:

Based on the investigation of 287 different types of the drag shovels used in the trench excavation, the
construction machinery load was modeled by a rigid block (U-shape) with b = 0.6 m (in prototype scale)
and B/b =5.

2) Geotechnical centrifuge modeling:

The stability and failure mechanism of ground excavations have been investigated using the centrifuge
modeling by many researchers (Kusakabe 1982, Taylor 1984 and Toyosawa et al. 1994). However, the
stability and failure mechanism of trench excavation under the construction machinery load have not
been fully investigated. Therefore, in this paper, a series of centrifuge modeling tests was conducted on
various types of ground models under different magnitudes and locations of the machinery load in order
to examine the stability and the failure mechanism of trench excavation under the construction machinery
load.

3) Evaluation by upper bound solution:

For the sandy ground (low cohesion, high friction angle) and the Kanto loam ground (high cohesion,
low friction angle), it is possible to express the failure mechanism with the composite slip surface using
straight and logarithm lines. The safety factor and failure pattern calculated from the upper bound
solution agree well with the centrifuge test results.

Keywords; Labor accident, Construction machinery load, Excavation, Trench stability, Centrifuge model
test, Upper-bound solution
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Ground collapse during trench excavation.
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Fig. 1 Number of fatalities caused by construction
machine falls or topples over the edge of the
slope.
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Fig. 2 Diagrammatic sketch of a drag shovel.
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wheel.
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Fig. 4 Proportion of drag shovel by the B/b ratio.
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Fig. 5 Proportion of drag shovel by the L/b ratio.
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Table 1 Property of the Kanto-roam.
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Fig. 9 The cone penetration test results.
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Fig.10 The bearing capacity test results.
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Table 2 Series of the excavation tests (30G).
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Table 3

Parameter used in the calculation.
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Fig. 15 Comparison of failure pattern of trench wall given by simplified expression for upper-bound solution with

results of tests.
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