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Intro 

We present a novel framework for incorporation of nonlinear site and structure response in 

the estimation of seismic performance and risk calculations. Seismic probabilistic risk 

assessments have traditionally used fragilities which have been computed considering 

equivalent linear soil and structure response at a reference (or review level) earthquake and 

reported in terms a ground motion intensity measure for that reference earthquake.  Typical 

methods used to compute seismic fragilities for this purpose include the separation of 

variables method, conservative deterministic failure margin method, and hybrid method.  

EPRI (2018) presents these methods.  However, for systems that experience significantly 

nonlinear response at ground motions contributing to seismic risk, these methods are 

approximate and may produce biased risk results. This paper presents a novel approach that 

has been used at LANL for including nonlinear site and structure responses in the seismic 

fragility and risk calculations.  Comparison of this methodology with results obtained from 

linear studies are summarized.   

Scope 

We explored three alternate approaches for performing the response analysis to estimate 

seismic risk.  The first, Approach 1 uses the uniform hazard spectrum (UHS) for seismic input 

and relies on equivalent linear response analysis at a specific reference earthquake. This is the 

traditional approach most frequently used in fragility analysis (Kennedy and Ravindra, 1984).  

Approach 2 uses the UHS for seismic input like Approach 1 but uses explicit nonlinear 

response analysis at multiple hazard levels and distinctly considers component probability of 

failure at each. The convolution of seismic fragility and hazard is calculated in a similar 

manner.  .  Approach 2 is based on multiple-stripe approaches suggested by others (Jalayer 

and Cornell, 2008; Baker, 2015; Bolisetti et. al., 2017).  Approach 3 is a more recently 

developed technique that uses conditional spectra Approach 3  (CS) for seismic input (NIST, 
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2011) and evaluates seismic demand parameters using explicit nonlinear response analysis at 

multiple seismic hazard levels. Approach 3 follows the same risk calculation steps as 

Approach 2, but with different distributions of seismic demand parameters owing to the 

different characterization of seismic ground motions. 

We exercised these approaches via a numerical experiment, and concluded that that both 

Approach 2 and Approach 3 are expected to produce comparable mean risk estimates for the 

representative failure mode while Approach 1 overestimates the risk due to the linear 

extrapolation of seismic demands (especially when the reference earthquake is not carefully 

selected). We concluded that Approach 2, which uses UHS-matched time history suites, is 

expected to be the most balanced approach among the three in terms of the achieved 

confidence in the estimated risk and the level of effort involved. Although the conclusions are 

unique to the example facility considered, the results highlight the importance that nonlinear 

system behavior can have on accurate seismic performance evaluation, and its effect on 

methodology selection. 

We will also summarize results from a recent study that incorporated Approach 2 for 

estimates of risk of an existing shear wall type structure. 
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