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Saddlepoint Approximation for Predicting Rare
Failure Probabilities in Engineering
Modern society is less tolerant of engineering failures that may result in loss of value or life.
Engineers are always surrounded by uncertainty and beset with risk. It is therefore critical to
predict the probability of failure of a product during its design and development stage. But it is
challenging to do so because of rare failure events and expensive physical models. For this reason,
Monte Carlo simulation is not practical. This presentation focuses on how to use the Saddlepoint
Approximation (SPA) to predict the probability of the rare failure event so that high accuracy and
efficiency can be maintained. Mathematically, the task is to estimate the probability that a response
(output) is falling into a failure region for a given joint probability density of input random
variables. The response indicates the state (either safe or failed) and is obtained from a
computational model derived from physical principles. Using the cumulant generating function,
SPA can accurately approximate the rare probability in the tail areas of a distribution. Engineering
examples are given to demonstrate the advantages of SPA over traditional physics-based reliability
methods.
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