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Abstract

Depending upon the geologic conditions and material properties of rock and discontinuities, var-
ious kinds of instabilities are likely to be encountered in slope excavation. One of these is the top-
pling failure which has become to be known recently. From the mechanism point of view, the main
toppling failures are classified as flexural, blocky, and block-flexure. Flexural toppling typically
occurs in rock masses composed of a set of parallel discontinuities and dipping steeply against the
face slope. In such a case, failure occurs through bending of layers of rock in a similar manner to
that of cantilever beams. Recent advances in the study of flexural toppling failure using analytical,
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numerical and physical techniques have been demonstrated in this paper. Significant potential for
furthering our understanding of both mechanisms/processes is also presented.
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Figure 1. Toppling failure types of rock slope: (a) flexural toppling; (b) blocky toppling; (c) blocky-flexural toppling [2]
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Figure 2. A schematic of the flexural toppling
failure of foliated rock slopes
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Figure 3. Schematic of the flexural toppling of foliated rock slopes: (a) slope geometry; (b)
forces acting on a single column [13]
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Figure 4. Schematic diagram of deflection of two superimposed cantilever beams with dif-
ferent lengths under constant distributed loads [15]
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Figure 5. UDEC model of flexural toppling pit slope: (a) pure flexural toppling deformation with grid point velocity vectors;
(b) contours of horizontal displacement for toppling slopes; (c) area of failed nodes due to flexure [1]
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Figure 6. Final flexural toppling deformation of slope under different rock mass strength: (a) strong rock, UCS = 80 MPa; (b)
UCS = 60 MPa; and (c) weak rock, UCS =10 MPa [19]
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Figure 7. Comparison of the rupture surface as predicted by the UDEC-DM model and the experimental rupture surface at
ensile strength of 1.1 MPa: (a) toppling observed in the model; (b) rupture surface [20]
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Figure 8. Velocity field of failure of foliated rock slope with foliation dipping respectively at (left) 40° and (right) 80° [21]
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Figure 9. Shape of the flexural toppling failure of slope: (i) zone of fully developed plastic de-
formation with visible fractures, (ii) zone of partially developed plastic deformation, (iii) zone
of elastic deformation [11]
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