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Since the 1960s, seismologists and engineers have built upon the principles of probabilistic seismic 
hazard analysis to better quantify the possible ground motion risks from a future earthquake event and 
to account for the uncertainties associated with that event and our ability to model it. Beginning in the 
2000s, researchers began experimenting and applying the same principles governing PSHA to soil 
liquefaction hazard analysis. This probabilistic liquefaction hazard analysis (PLHA) approach is commonly 
referred to as performance-based liquefaction hazard analysis and is challenging due to the extremely 
complex nature of liquefaction and its effects in the field. The purpose of this presentation to summarize 
the state of practice in applying performance-based liquefaction hazard analysis today and to describe 
ten significant challenges/needs for advancing this state of practice, particularly in the nuclear industry. 
These ten challenges include (1) Measuring and incorporating uncertainty in the site response and local 
site effects in the estimation of the ground motions corresponding to the soil layer of interest; (2) 
Ensuring compatibility between the site response and the softening/liquefaction of the soil; (3) 
Incorporating epistemic uncertainty the in the performance-based liquefaction framework and 
expanding the logic trees; (4) Accurately modeling volumetric and shear strains, as well as shear 
strength reduction in soils other than clean sands; (5) Incorporating damage measures into the 
performance-based liquefaction framework through the development of relevant fragility relationships; 
(6) Understanding and modeling the liquefaction effects of thin interbeds in the soil and impermeable 
soil caps; (7) Incorporating geologic “boundaries” and spatial uncertainty into the analysis; (8) 
Understanding the impact of soil-structure-foundation interaction (SSFI) on the generation of shear 
stresses and excess pore pressures and incorporating this in the performance-based framework; (9) 
Educating the engineering community on performance-based liquefaction, its uses, its limitations, and 
its benefits; and (10) Developing practical and simplified tools for engineers to apply performance-based 
liquefaction hazard analysis on typical projects. Expressing and discussing these challenges will assist in 
researchers developing solutions to them in the future.  
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