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Abstract

This paper addresses the problem of assessing the stability conditions of shallow excavations of circular shape, namely

circular sections of long cylindrical tunnels or spherical cavities, in purely cohesive ground by means of a scalar

factor of safety as it is traditionally done for the case of slopes in the practice of geotechnical engineering. The paper

presents a closed-form statically admissible solution for cavities in dry ground that allows a conservative estimation of

the scalar factor of safety to be made. The effects of the geometry of the excavation, whether a section of cylindrical

tunnel or a spherical cavity, the depth of the cavity in relation to its radius, and the effect of the support pressure and

ground surcharge load in relation to the cohesion of the ground, on the factor of safety are examined. A quantitative

analysis for determining how conservative the results from the analytical solution are with respect to results obtained

with a commercial software implementing the finite-difference method is presented. The analysis indicates that the

values of factors of safety predicted with the analytical solution are within 80% of the values of factors of safety

predicted with the numerical (finite-difference) solution. A quantitative comparison of values of factors of safety

and required support pressure obtained with the analytical solution and with other published solutions is presented.

Factors of safety obtained with Terzaghi (1943) limit equilibrium model are shown to be both conservative and non-

conservative depending on the combination of input values considered for the model. Values of required support

pressure predicted with the proposed analytical solution are shown to be similar to the ones predicted numerically by

Davis et al. (1980). An extension of the proposed statically admissible model to account for water in the ground is

also presented. Cases of shallow cavities of circular shape in saturated cohesive ground with a water surface at or

above the ground surface, and limiting conditions of flooded and dry openings are considered. Stability conditions for

flooded openings in saturated ground are shown to generally improve, while stability conditions for dry openings in

saturated ground are shown to worsen, in comparison with the same equivalent cavities in dry ground.
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