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From data to probabilistic modeling in engineering risk analysis
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Abstract:

Probabilistic modeling is the basis of engineering risk analysis. For example, the Pacific
Earthquake Engineering Research Center (PEER) framework to assess the risk of individual
structure subject to seismic hazard disaggregates the problem into seismic intensity,
engineering demand, damage, and decision intermediate probabilistic models. Quantification
of seismic performance is based on the conditional probability distribution (fragility)
functions used in the demand, damage and decision models. The probabilistic models in the
risk analysis are always assumed to be parametric, and defined commonly as normal,
lognormal, or some other distributions. The data used to estimate the distribution parameters
are usually clustered in the small and moderate intensity ranges, forming the bulk of the data
set, with few points associated with high intensities forming the high tail of the data set.
Given that a single function is used to define the probabilistic model, the bulk of the data set,
rather than its tail, govern the selection of the parameters of that function. However, the tails
of the data set can be considerably different from the bulk, or the central part, of the data set
(Caers and Maes, 1998). This difference (see Table 1) may significantly affect risk
assessments based on the conditional probabilities formulated with the assumed parametric
models.

Table 1. Characteristics of the bulk and the tails of the data set of a random variable.

Data points Target events Consequences
Bulk Large amounts Small and moderate events Low
Tails Few Extreme events High

The present research work aims to improve the probability models used for engineering risk
analysis by partitioning the bulk and the tails of the data set and by fitting different
conditional probability distribution functions to represent these three data sub-sets (bulk and
two tails). The data sets representing the parameter values are based on experimental data
and/or numerical analysis. The probabilistic models in the risk analysis will be improved
using tail power-law, extreme value, and other parametric probability distribution forms,
while the bulk of the data set is modeled using a pre-defined distribution. The parameters of
the power-law model are estimated using the approach by Clauset, et al. (2009). It will be
explained the identification of the boundary between the bulk and the tail sub-sets, the
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identification of the best distribution for the description of the tail sub-sets, the measurements,
and the modification of the description of the distribution of the bulk. The PEER test-bed
bridge seismic performance are re-evaluated using the proposed two-part demand and damage
fragility models and compared to the results based only on lognormal fragilities presented in
Mackie et al. (2008). This comparison will be used to examine the effectiveness of proposed
strategy to improve the fragility models and the impact on risk when considering different
hazard environments.
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Figure 1. Comparison of the CCDF of numerically simulated variable data and a normal
CCDF of the same variable
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