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probabilistic approaches this uncertainty can be accounted for directly by considering the dip angle as 
a random variable to which a probabilistic model, such as the von Mises distribution (Fisher, 1953), is 
assigned. On the other hand, in traditional deterministic approaches a range of plausible values of the 
dip angle may be established, based on available data, geological context and professional judgement, 
from which the worst-case scenario is adopted for stability calculations. A hypothetical link between 
the two may be set by matching the range of plausible values to a confidence interval with a high 
confidence level. 

The selection of the worst-case scenario regarding the dip angle follows a risk-averse behaviour of the 
rock engineer, who seeks for the most demanding situation with respect to the support needed. For 
planar sliding, this worst-case scenario is dependent on the external loading. For blocks solely loaded 
with water pressures, besides their dead weight, it can be showed that the dip angle of the sliding 
surface that maximizes the support needed (here denoted critical dip angle ψc) depends on the targeted 
FoS, being given by: 

tan𝜓௖ = tan𝜙 + ටtan 𝜙ଶ + 𝐹𝑜𝑆ଶ𝐹𝑜𝑆  (4) 

where ϕ is the friction angle of the sliding surface. In this loading case, a rock engineer would select 
the dip angle within the pre-defined range closer to the critical value. 

4 Deterministic versus reliability-based design of the support 
The design of the slope support follows the definition of a conceptual design model of the ground and 
the identification of kinematically admissible failure mechanisms. In a context of a rock slope with 
multiple blocks potentially unstable due to planar sliding, the failure modes were derived in section 2. 
In this section, a comparison between the traditional deterministic approach based on global factors of 
safety and the reliability-based approach is intended. 

The problem to be tested is described as the stability analysis of a volume of rock, defined by a 
discontinuity parallel to the slope face and outcropping H=10 meters below the crest, prone to planar 
sliding (see Fig. 2). Suppose that this volume is intersected by another set of equally spaced vertical 
discontinuities, parallel to the slope face, forming a system of N=6 blocks. In this situation there are 
N=6 failure modes associated with the possible instability of larger portions of the rock volume, such 
as explained before. For simplicity, the water level is fixed at the slope crest and a Mohr-Coulomb 
envelope with no cohesion is considered for the shear strength of the sliding surface. 

To compare the deterministic and reliability-based approaches, some considerations must be made. 
Firstly, the tangent of the friction angle of the sliding surface is considered as a random variable 
following a lognormal distribution with mean value of 1 (corresponding to an angle of 45°) and a 
coefficient of variation of 10%, such as indicated in EN1997-1 (2024). The corresponding 
characteristic (5th percentile) value of the friction angle, considered in deterministic calculations, is 
40.2°. The dip angle is also considered as a random variable following a von Mises distribution with a 
concentration parameter κ=350 so that the interval ±5° around the mean angle ψm corresponds to a 
90% confidence interval. In the deterministic approach, for the sake of comparison, this confidence 
interval is taken as the range of plausible values of the dip angle and the value considered in the 
calculations is, as mentioned, the one within this interval closer to the critical dip angle. For 
generalization purposes, the analysis was repeated for mean dip angle ψm ranging from 15° to 75°. 

For the reliability-based approach, the target reliability indices considered are those indicated in the 
Eurocodes (EN1990-1 2023), namely 3.3, 3.8 and 4.3 for structures of consequence classes CC1, CC2 
and CC3, respectively. With this respect, a direct comparison to the deterministic approach is not 
possible since there are no settled criteria that establish the target factor of safety. In fact, this factor, 
which intends to include several sources of uncertainty, is set subjectively by the designer, although 
the range from 1.3 to 1.5 is often seen as a “rule of thumb” (Wyllie and Mah 2005).The reliability-
based design is performed iteratively using the Monte Carlo simulation with adaptive sampling and the 
deterministic design is computed directly from equation (2) for each failure mode and then assume the 
larger value of the support as the design value. Fig. 3 shows the results, where the grey-shadowed area 
corresponds to the solution of the deterministic design (DD), considering the range of FoS from 1.3 to 
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