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Upper Bound

FH ! bearing capacity of submerged rock foundations was studied. Mohr-Coulomb
Limit Analysis

failure criterion was assumed for the intact rock and the joints of the rock
mass. The critical orientation of the joints in which the maximum reduction in
the bearing capacity due to the groundwater took place, was obtained as a
result of this study.

Introduction

Bearing capacity is one of the most important aspects of geotechnical design in civil engineering projects. But this
subject has not been considered enough in literatures.

In this paper, bearing capacity of rock foundations was investigated in presence of groundwater. In this regard, the
bearing capacity of a dry rock mass was investigated. Then, the effect of groundwater was added to the dry bearing
capacity formula. The computations were performed for a rock mass containing two orthogonal joint sets in which, the
orientation angle of the first joint set was considered equal to 15°, 30° and 45° to the horizontal. Different positions of
groundwater were considered in this research. It was assumed that the groundwater does not affect the shearing strength
parameters of the intact rock and the joint sets.

Methodology and Approaches

The upper bound theorem of limit analysis was used for obtaining the bearing capacity of rock foundations. According
to the theorem, the rate of energy dissipation is not less than the rate of work of the external forces for any kinematically
admissible failure mechanism. Assuming the groundwater does not flow through the rock foundation, the effect of
seepage forces was ignored.

The optimum upper bound bearing capacity was obtained by minimizing the bearing capacity formula with respect to
the unknown parameter. The genetic algorithm provided in MATLAB was used for minimization.

Results and Conclusions

Analytical expressions derived for the bearing capacity of dry and submerged rocks indicate that the submergence of the
rock below the footing base reduces the contribution of the rock weight in the bearing capacity. The amount of this
reduction in the orientation angle of 15° is larger than its magnitude in the orientation angle of 30°, and for the latter, is
larger than that for 45°.

Increase in the ratio of the joints cohesion to the intact rock cohesion will decrease the effect of submergence on the
bearing capacity, while increase in the friction angles of both the intact rock and the joint sets will increase the effect of
submergence on the bearing capacity.
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