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Abstract 

The empirical derivation of the minimum berm width and the formulae presented by the various design 

criteria are different due to the input parameters selected, thus resulting in a range of minimum berm widths 

that can be calculated for the same set of rock mass and geometric conditions. 

When compiling a berm design model, in assigning a derived (calculated) friction angle and cohesion value, 

the Factor of Safety (FoS) and Probability of Failure (PoF) for a suite of kinematically identified plane or wedge 

sliding instabilities may be overestimated and may not representative of true mining conditions. 

Rather than applying dataset cutoff criteria to the FoS or PoF for plane or wedge instability spill volume, the 

use of all data regardless of the FoS or spill volume is required in order to accurately assess the minimum 

berm width that can be calculated and then recommended for the design. This is based on the assessment of 

all spill volumes, spill radii and the criteria accepted and applied. 

As shear strength properties changeover the life-of-mine, so does the FoS. Assuming that the FoS is static and 

the derived PoF is indefinitely valid will result in a design that may be insufficient in maintaining the berm 

retention factor assigned. 

Therefore, attaining and utilising derived FoS and PoF allows for all plane and wedge shape iterations 

compiled during the modelling process to be utilised. This methodology allows for the assessment of the 

minimum berm widths calculated using the published criteria and advanced dataset assessment techniques. 
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1 Introduction 

Bench height and berm width contribute to the inter-ramp geometry on which an overall slope design is based. 

It is imperative to ensure that the inter-ramp geometry is empirically sound and that the design berm width is 

sufficient to maintain the berm retention factor required and therefore, the anticipated volume of failed 

material, should an instability occur. The berm retention factor, rock mass and geometric conditions of the 

discontinuities for the selected design sector inevitably define the berm width during the design process. 

This berm retention factor is of paramount importance for the mitigation of rockfall, dependent on the 

percentage of the volume of material that exceeds the berm width. 

Bench design analysis is usually conducted using published criteria such as the Ritchie Criterion (Ritchie 1963), 

the minimum berm width (Piteau & Martin 1977), the Modified Ritchie Criterion (Hustrulid et al. 2001), the 

minimum berm width using either conical or pyramidal spill radius (Gibson et al. 2006, adapted and applied 

by Rocscience) and the minimum berm width presented by Haines et al. (2006). 

These criteria are either empirical or formula-based, and typically encompass varietals of input parameters 

such as the bench height, bench face angle, plunge of the intersection of the joints, the angle of repose, the 

volume of spill material and the bulk or swelling factor. 

The likelihood of achieving a design is highly reliant on attaining the bench face angle with specific reference 

to the bench crest due to break back as well as frozen toes. Break back is controlled by the local geology and 
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