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Seismic vulnerability assessment involves the quantification and propagation of the different courses of 

uncertainty impacting structural performance. For engineering demand parameters (EDPs) the relevant 

uncertainties pertain to the seismic hazard and/or to the structural model characteristics, while the detailed 

characterization of structural vulnerability is typically performed using nonlinear response-history 

analysis (NLRHA). Despite recent advances in computational science, the adoption of computationally 

intensive, high-fidelity finite element models (FEMs) for performing NLRHA remains a challenge for 

many seismic risk assessment applications, forcing some sort of simplification of the uncertainty 

characterization. This presentation will investigate two alternative computational statistics approaches for 

improving computational efficiency in such settings. The first approach will be the use of reduced order 

models (ROMs), coupled, if needed, with a Multi-Fidelity Monte Carlo (MFMC) implementation. ROMs 

simplify the physics-based description of the original FEM through some form of condensation of the 

degrees of freedom and equations of motion, coupled with an approximation of the nonlinear (hysteretic) 

response characteristics. In order to accommodate any potential bias from the ROM approximation, a 

MFMC setting is additionally examined. In the latter setting, the ROM serves as a means to accelerate the 

Monte Carlo convergence, relying ultimately on the FEM to establish unbiased predictions. The second 

approach will be the use of surrogate models, offering an entirely data-driven mathematical 

approximation of the input/output relationships of the high-fidelity model. For addressing aleatoric 

uncertainties in the hazard description (i.e., the so-called ground-motion to ground-motion variability), a 

stochastic Gaussian Process (GP) formulation is adopted to directly approximate the EDP distribution 

(considering influence of aleatoric uncertainties). Improvements in computational efficiency are further 

established by considering partial replications for the stochastic GP implementation. 
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