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Motivation: This report focuses on the PBEE framework, and its efficiency when estimating risk
of natural gas pipelines (thousands of calculations). One of the goals of OpenSRA is to run on a
desktop computer efficiently. The PBEE framework consists of a triple integral, evaluating
integrals with quadrature rules is inefficient because it requires the repeated evaluation of the
function inside the integral at multiple quadrature points. When the functions inside the integrals
involve computationally expensive terms such as exponentials or the Gaussian error function @,
the approximation of the risk using quadrature rules becomes particularly inefficient.

For a regular hazard calculation, the number of earthquake scenarios easily reaches 1,000 for
rupture scenarios along faults and 10,000 for background zones. Additionally, for large-scale
systems, the number of locations at which we are interested in calculating the risk can also easily
reach 10,000 site locations.

The rough estimate of a regular PBEE-based risk calculation for large-scale systems is on the
order of a day. That computational time does not include the propagation of the epistemic
uncertainty from the median models, which would increase the calculation time by another order
of magnitude if the standard logic-tree approach is used. Therefore, more efficient numerical
methods and/or approximations of the risk need to be employed to reduce that computational
time to the order of minutes

Objectives: The main objective of this report is to present an approximation that allows us to
have analytical solutions for the integrals to gain computational efficiency. Then to illustrate this
approximation with the example of a single earthquake scenario and show the loss in accuracy
and the reduction in computational time between the analytical and numerical evaluations of the
integrals in the risk calculations.

Methodology: Other approaches were developed more recently to avoid the large computational
requirements from Monte-Carlo simulations, particularly the spectral approach. The idea behind
the spectral approach is to approximate the uncertain solution using a set of basis functions.
When these basis functions are taken as polynomials, spectral approaches lead to the Polynomial
Chaos (PC) approximation of the solution. Applications of the spectral approach for uncertainty
quantification were first found in the field of numerical simulations, such as in the stochastic
finite-element method, originally developed by Ghanem and Spanos (1991). More recently, the
spectral approach was also applied to seismic hazard calculations by Lacour and Abrahamson
(2019) to efficiently propagate the epistemic uncertainty in median ground motion models into
hazard codes and avoid the heavy computational expenses of a large number of Monte-Carlo
simulations. Similarly, Macedo et al. (2020) used PC to efficiently propagate the epistemic
uncertainty in ground-motion models and seismic-slope displacement models into risk
calculations. We present here a new spectral approach based on the PC method from Lacour and



Abrahamson (2019), which allows the efficient propagation of the epistemic uncertainty in
median IM, EDP, DM, and DV models in the framework of PBEE risk calculations.

Results: Within the report there are multiple examples that show the implementation of PC and
compare it to traditional Monte Carlo sampling, below is an example of one of these. The Monte
Carlo sampling and PC line up fairly well, except at the higher tail of the distribution.
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Figure 3.10: Probability of exceeance curves and their epistemic fractiles from the Monte-
Carlo and PC approaches

Conclusions: The new method based on Polynomial Chaos with a tangent approximation for the
scaling of the EDP, DM, and DV is a numerically efficient method for computing the risk based
on the PEER risk framework. The PC method efficiently propagates the epistemic uncertainty for
the EDP, DM, and DV models into the risk calculation by approximating the multiple risk curves
from a logic tree with a set of functions given by the Hermite polynomials. The linear
approximation of the EDP and models makes the risk calculation from complicated geotechnical
models practical. The method can be applied to large-scale, state-wide risk calculation. The
increase in computational speed compared to the traditional approach (brute-force Monte-Carlo
sampling with numerical integration) can be 4 orders of magnitude, which justifies the relatively
small error from the approximations in the new approach. The very short calculation time makes
the geotechnical engineering design and decision-making involved in the development of the gas
pipeline network practical; however, the scope of applications of the developed method is not
limited to geotechnical engineering and can be broadened to other fields, including other
branches of risk calculation in civil engineering as well as in the insurance industry.
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