
DISCUSSION

Reply to the discussion by Huang on “Probabilistic seismic
slope stability analysis and design”1

Gordon A. Fenton, Jesse Burgess, and D.V. Griffiths

The development of design methods that account for the ran-
domness of nature is essential if we are to properly balance the
cost of our engineered systems against their probability of failure.
Clearly, if the probability of lifetime failure is to be reduced (e.g.,
for lifeline structures), the cost of the original system (and its
maintenance) must increase. As budgets are necessarily limited,
it is important to be able to assess the failure probability of each
possible design alternative to choose the design having the lowest
overall risk, i.e., the lowest initial and maintenance costs plus the
cost of failure multiplied by the probability of failure.

To aid in risk-based design, the goal of both the authors’ paper
(Burgess et al. 2019) and the Discussion (Huang 2020) is the esti-
mation of the failure probability of various slope designs. To this
end, both the paper and the Discussion provide practical means to
estimate the failure probability of slopes under seismic loading via
simplified equations, rather than through more rigorous Monte
Carlo simulations. The discusser makes use of a first-order second-
moment (FOSM) approximation to a deterministic factor-of-safety
equation developed in Huang’s (2018) thesis to similarly estimate
failure probabilities. In contrast, the simplified equations presented
in the paper are regressions that are fit to the Monte Carlo simu-
lation results. The authors calibrated their simplified equations
using the random finite element method (RFEM) Monte Carlo
simulations, which include spatial variability and model the
ground using the finite element method. The RFEM method is not
limited by a first-order approximation, only by the number of
realizations that can be performed in a reasonable timeframe.

While both approaches make use of pseudo-dynamic approxi-
mations, the authors believe that the finite element modeling of
the ground via Monte Carlo simulation will provide better esti-
mates of the failure probability of slopes because actual failure
paths (especially through spatially variable soils) are determined
for each realization. That being said, it is encouraging that the
discusser’s semi-analytical results are in very good agreement
with most of the authors’ results. The main discrepancies seem to
be in the estimation of the failure probability, where for low failure
probabilities, the discusser’s failure probabilities seem to be signifi-

cantly higher (i.e., very much more conservative) than those found
by the authors. See, for example, the comparison made by the dis-
cusser in their Fig. D2.

The authors are uncertain why there is such a large discrepancy
between estimated failure probabilities. Certainly the first-order
approximation used by the discusser is a strong candidate for the
discrepancies, given that both methods are using pseudo-dynamic
approximations. The factor-of-safety equation developed by the
discusser (Huang 2018; eq. (6.4)) shows good agreement with the
results of Michalowski (2002), but it is not clear to the authors where
the discusser’s eq. (6.4) actually came from. For the assumed lognor-
mal distribution, the FOSM first-order mean estimate might be
significantly in error, depending on the overall coefficient of vari-
ation. Also, because the variance estimate used in the discusser’s
first-order approximation is highly dependent on the derivative of
eq. (6.4), it is important to know how that equation is derived and
how sensitive the first-order variance approximation is to the form
of that equation.

In summary, while the authors applaud the discusser’s work
(Huang 2020), the authors think that unless significant conserva-
tism is acceptable, additional effort needs to go into validating the
probabilistic results before the discusser’s method can be adopted
in general practice as a replacement for RFEM-based results. The
authors note also that the RFEM approach (and the derived sim-
plified equations) are applicable not just for the single random vari-
able case considered by the discusser (infinite correlation length),
but also for more realistic correlation lengths.
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