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• Brief history of U.S. building-code 
applications of seismic hazard

• BSSC/FEMA-USGS Project ’17 issues

• Opportunities for improvement
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Applications/Users of USGS Seismic Hazard
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Other seismic hazard modelers 
(e.g., for insurance risk modeling)

Earthquake engineers
(e.g., for building codes)

The public
(e.g., the media, website users)

Emergency-response planners
(e.g., HAZUS users)
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Since 1978 ATC 3-06 Tentative Provisions …
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Until 1997 Uniform Building Code …
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SEISMIC ZONE MAP
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Since 1997 NEHRP Recommended Provisions … 
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MAXIMUM 
CONSIDERED 
EARTHQUAKE 
(MCE)          
GROUND MOTION 
SPECTRAL 
ACCELERATION 
CONTOUR MAPS



EERI Seminar on Next Generation Attenuation Models

Since 2009 NEHRP Recommended Provisions … 
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What are (these) Risk-Targeted Ground Motions?
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Uniform-Hazard Ground Motions
e.g., 2,500-year
(a.k.a., 2%-in-50-year)
i.e., Ground motions that each have
a 2% probability of being exceeded 
in 50 years (the assumed life 
expectancy of a building).

Risk-Targeted Ground Motions
e.g., 1%-in-50-years

i.e., Ground motions that, when 
used for design, result in buildings 
with a 1% probability of collapse
in 50 years.

Uniform-Hazard Ground Motions
e.g., 2,500-year
(a.k.a., 2%-in-50-year)

Risk-Targeted Ground Motions
e.g., 1%-in-50-years
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For 2020 NEHRP Provisions – Project ‘17
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• Project ’97 – Established procedure for directly basing 
building-code maps on USGS hazard assessment.

• Project ‘07 – Reassessed Project ‘97 procedure and 
introduced current “risk-targeted” maps.

• Project ‘17 – Will propose new ground motion maps 
for, ultimately, the 2024 International Building Code.
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Project ’17 Issues

“Building-Code Applications of Seismic Hazard,” N. Luco (USGS) November 14, 2018

National Academies of Sciences, Engineering, and Medicine Meeting of the Committee on Seismology and Geodynamics

• Acceptable Risk

• Deterministic Values

• Stabilizing Mapped Values

• Multi-Period Spectral Values



EERI Seminar on Next Generation Attenuation Models

Project ’17 – Acceptable Risk & Deterministic Values
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Project ’17 – Acceptable Risk & Deterministic Values
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Acceptable Risk in Project ’27, Project ’37 ?

“Building-Code Applications of Seismic Hazard,” N. Luco (USGS) November 14, 2018

National Academies of Sciences, Engineering, and Medicine Meeting of the Committee on Seismology and Geodynamics

In the future, targeting casualty/fatality risk (and repair costs 
and downtime) will help in setting the acceptable level, via …

• comparisons across hazards                                               
(e.g., seismic vs. wind); 

• comparisons across structures                                            
(e.g., buildings vs. bridges, new vs. existing);

• communication with stakeholders

Collapse risk targeting is a step in this direction.
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Project ’17 – Stabilizing Mapped Values
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Project ’17 – Stabilizing Mapped Values

“Building-Code Applications of Seismic Hazard,” N. Luco (USGS) November 14, 2018

National Academies of Sciences, Engineering, and Medicine Meeting of the Committee on Seismology and Geodynamics



EERI Seminar on Next Generation Attenuation Models

Project ’17 – Additional Issues
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Use of 3-D Simulation for Long-Period Parameters
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Use of 3-D Simulation for Long-Period Parameters
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Southern 
California 
Earthquake 
Center 
(SCEC) 
Committee 
for 
Utilization of 
Ground 
Motion 
Simulations 
(UGMS)  
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Use of 3-D Simulation for Long-Period Seismograms
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Use of 3-D Simulation for Long-Period Seismograms
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Use of 3-D Simulation for Long Periods
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Inclusion of Induced Seismicity in Seismic Hazard
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Issues Include …

1. One-year forecasts vs. 50-year 
life expectancy of buildings.

2. Maps for design of new buildings, 
evaluation and retrofit of existing 
buildings, or both?

3. Very large MCER ground motions 
due to large frequencies of 
earthquake occurrence.

4. Stability of design maps vs. 
uncertainty in forecasts.
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Inclusion of Induced Seismicity in Seismic Hazard
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Opportunities for Improvement
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• Multidisciplinary discussion of incorporation of  
induced seismicity in building-code applications

• Utilization of physics-based ground motion simulations 
for building-code maps and seismograms

• Quantification of uncertainty of seismic hazard,       
e.g. for stabilizing mapped values in building codes

• Decisions on acceptable seismic risk, for new and 
existing buildings and other structures 
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Engineering Applications of Real-Time Seismic Hazard
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Additional Slides …
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Why Risk-Targeted Ground Motions?
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From ATC 3-06 (1978), Section 1.4.1:

“… it really is the probability of structural failure
[i.e., the collapse risk] with resultant casualties that
is of concern, and the geographical distribution of
that probability is not necessarily the same as the
distribution of the probability of exceeding some
ground motion [i.e., the ground-motion hazard].”

“Thus [uniform ground-motion hazard] is not
necessarily the ideal goal, but it is judged to be the
most workable goal for the present time [i.e., 1978].”
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Why Risk-Targeted Ground Motions?
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From ATC 3-06 (1978), Section 1.4.1:

“Often the courts become the final judge of
whether a proposed course of action for
mitigating a hazard is acceptable. The body of
law that has been developed in the area of flood
plain regulation is a useful guide to judicial
reactions to hazard mitigation. The lesson is to
match severity of the regulation to the severity
of the risk. The courts follow the principle of the
reasonable person who strives to achieve this
balance, and uses data to support findings of the
appropriate balance.”
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GM Simulations for Building Codes – Motivation

M ≥ 6.5,     
R ≤ 20km
Recordings

M ≥ 6.5,     
R ≤ 20km
Recordings

American Society of Civil Engineers (ASCE) Convention Technical Tour

“USGS National Seismic Hazard Modeling Project and Engineering & Risk Project,” N. Luco, K. Jaiswal, & S. Rezaeian October 12, 2018
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