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Introduction



Basic PSHA Results

• Mean and fractile seismic hazard curves for 
reference site conditions 

• Mean and fractile uniform hazard response 
spectra (UHRS) for reference site conditions



Derivation SH Curves and UHRS



Seismic Hazard Equation

ν(Y>y) =  Σsrc ∫M∫R ν × P[Y>y|m,r] fR(r|m) fM(m) dr dm

where,
• ν(Y>y) = annual exceedance frequency
• ν = ν|m,r = recurrence frequency of m, r
• M,m = earthquake magnitude
• R,r = source-to-site distance
• fM(m) = probability that M = m
• fR(r|m) = probability that R = r given m
• P[Y>y|m,r] = probability of Y>y given m,r



Example PGA Seismic Hazard Curve
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Example 5%-Damped UHRS



Engineering Representation of PSHA 
Results





Deaggregation

• Select a reference value of mean exceedance frequency (e.g., 
10–4) or, equivalently, mean return period (e.g., 10,000 years) 
based on regulatory or other criteria

• Using this reference hazard, scale the reference value of the 
selected ground-motion parameter (e.g., PGA or Sa at 10 Hz) 
from the appropriate seismic hazard curve

• For the reference ground-motion value, compute the relative 
contribution to the reference hazard of selected ranges of M and 
R by repeating the PSHA for each range

• Derive hazard-consistent earthquake scenarios
• Mean M and mean R (U.S. NRC)
• One or more modal scenarios (Cornell)



Unimodal Deaggregation Results
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Bimodal Deaggregation Results
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Development of Time Histories

• For the reference site conditions, develop time histories 
for the selected hazard-consistent scenarios (M,R)
• Synthetic or artificial time histories
• Recorded time histories

• Scale the time histories to the reference ground-motion 
value
• Scale to PGA or PGV (not recommended)
• Scale to limited range of spectral periods (U.S. NRC)
• Scale to entire range of spectral periods using spectral 

matching techniques



Scaling Results for Unimodal Scenario
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Scaling Results for Bimodal Scenario



Other Engineering Products



Other Engineering Products

• Site-response analysis
• Develop a geotechnical profile
• Perform 1D site-response analysis using time 

histories for reference site conditions
• Equivalent-linear analysis (e.g., SHAKE)
• Nonlinear analysis (e.g., DESRA)

• Time histories for actual site conditions
• Output of site-response analyses
• Calculate response spectra



Representation of Epistemic Uncertainties



Epistemic Uncertainties

• Multiple time histories for reference site conditions
• Alternative geotechnical profiles from parameter 

variabilities
• Multiple time histories for actual site conditions
• Multiple response spectra for actual site conditions



Summary of the Presentation

• Calculate seismic hazard curves and UHRS for 
reference site conditions using PSHA

• Deaggregate PSHA results for reference hazard to 
derive the following engineering products:
• Hazard-consistent earthquake scenarios (M,R)
• Time histories for reference site conditions
• Site-response analysis
• Site-specific time histories for actual site conditions
• Site-specific response spectra for actual site conditions

• Represent epistemic uncertainties by deriving multiple 
time histories and geotechnical profiles
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