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Applications/Users of USGS Seismic Hazard

Other seismic hazard modelers

%’ (e.g., for insurance risk modeling)

=

~ Earthquake engineers | Primary focus of
(e.g., for building codes) this presentation
Emergency-response planners

“ (e.g., HAZUS users)

& _ The public

(e.g., the media, website users)
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Since 1978 ATC 3-06 Tentative Provisions
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Since 1978 ATC 3-06 Tentative Provisions ...
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Until 1997 Uniform Building Code ...
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Since 1997 NEHRP Recommended Provisions ...
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Since 2009 NEHRP Recommended Provisions ...

RISK-TARGETED MAXIMUM CONSIDERED EARTHQUAKE (MCEy)
GROUND MOTION SPECTRAL ACCELERATION CONTOUR MAPS

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

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



What are (these) Risk-Targeted Ground Motions?

Uniform-Hazard Ground Motions [ Risk-Targeted Ground Motions

e.g., 2,500-year e.g., 1%-in-50-years
(a.k.a., 2%-in-50-year)

i.e., Ground motions that each have i.e., Ground motions that, when

a 2% probability of being exceeded used for design, result in buildings
in 50 years (the assumed life with a 1% probability of collapse
expectancy of a building). in 50 years.
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For 2020 NEHRP Provisions — Project ‘17

* Project ’97 — Established procedure for directly basing
building-code maps on USGS hazard assessment.

* Project ‘07 — Reassessed Project ‘97 procedure and
iIntroduced 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 — Acceptable Risk & Deterministic Values

Current probability of collapse in 50 years
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Project '17 — Acceptable Risk & Deterministic Values

10
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Acceptable Risk in Project ’27, Project '37 ?

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

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

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

e 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

Table 11.6-1 Seismic Design Category Based on
Short Period Response Acceleration Parameter

Risk Category

Value of Spy [ or IT or I IV
Sps< 0.167 A A
0.167 < Spg < 0.33 B C
0.33 < Sps < 0.50 C D
0.50 < Spg D D

Table 11.6-2 Seismic Design Category Based on
1-S Period Response Acceleration Parameter

Risk Category

Seismic Design
Category (SDC)

Value of Sp, I or IT or III 1\Y [ Ja

[ s

Spi < 0.067 A A \ ’ [ e

0.067 < Sp; < 0.133 B C o

0.133 < Sp, < 0.20 C D I -
0.20 < Sp, D D .
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Project ’17 — Additional Issues

Project 17- Developing Next-Generation Seismic
Design Value Maps

A Preliminary Planning Report

Prepared for the Federal Emergency Management Agency and U.S. Geological Survey
by the Project 17 Planning Committee of National Institute Building Sciences Building Seismic
Safety Council

September 28, 2015

p @ remMA  2ZUSGS
=S science for a changing world

3. ISSUES

The Project 17 Planning Committee initially identified the following issues as important for
consideration in the Project 17 effort:

Timing for Updated Map Publication

Design Value Conveyance

Precision and Uncertainty

Acceptable Collapse Risk

Collapse Risk Definition

Maximum Direction Ground Motion Components
Multi-Period Spectral Values

Duration as a Mapped Parameter

. Damping Levels

10. Vertical Motion Parameters

11. Use and Definition of Deterministic Parameters
12 Basin Effects

13} Use of 3-D Simulation to Develop Long Period Parameters

CoNooORrWN =

In addition to the above issues, the Planning Committee also considered several other potential
issues including:

1. Providing Mapped Parameters for additional levels of hazard including potential Service
and/or Function Level earthquakes.

2. Decoupling Seismic Design Cateqories from site class effects.
3. |Inclusion of induced seismicity in seismic hazard calculation.
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Use of 3-D Simulation for Long-Period Parameters

SRL Early Edition

science for a changing world O N

2018 Report on Incorporating Sedimentary Basin
Response into the Design of Tall Buildings in Seattle,
Washington

Integrate Urban-Scale Seismic Hazard
By Erin A. Wirth, Susan W. Chang, and Arthur D. Frankel Analyses W|th the US. Natlonal seismic
Hazard Model

Open-File Report 2018-1149 Published Online 28 February 2018

L'us. Geological Survey Working Group on Urban Seismic Hazard Maps.
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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 Seismograms

16.2.2 Ground Motion Selection. A suite of not less than
LSRR 11 ground motions shall be selected for each target spectrum.
e Ground motions shall consist of pairs of orthogonal horizontal
7_16 ground moton components and, where vertical earthquake
effects are considered, a vertical ground motion component.
Ground motions shall be selected from events within the same
. . . general tectonic regime and having generally consistent
Mlnlm_um DeS|_gn _Loads and magnitudes and fault distances as those controlling the target
Associated Criteria for spectrum and shall have similar spectral shape to the target
| —— o Buildings and Other Structures spectrum. For near-fault sites, as defined in Section 11.4.1,
and other sites where MCER shaking can exhibit directionality
and impulsive charactenstics, the proportion of ground motions
with near-fault and rupture directivity effects shall represent the
probability that MCER shaking will exhibit these effects. Where
the required number of recorded ground motions 1s not available,
it shall be permitted to supplement the available records with
simulated ground motions. Ground motion simulations shall be
consistent with the magnitudes, source characteristics, fault
distances, and site conditions controlling the target spectrum.

—— O ———

o ——————————————————

po————o——o———————0——
po——m—0——————————0—— 00—

o

16.2.3 Ground Motion Modification. Ground motions shall
either be amplitude-scaled 1in accordance with the requirements
of Section 16.2.3.2 or spectrally matched m accordance with the

(Y3 smucruna
WSUTE 164

AMERICAN SOCIETY OF CIVIL ENGINEERS
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Use of 3-D Simulation for Long-Period Seismograms
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Working Group: Earthquake Engineering Implementation Interface

Research Objectives

The purpose of the Earthquake Engineering Implementation Interface is to create and maintain collaborations with
research and practicing engineers, much as the Seismic Hazard and Risk Analysis focus group did during SCEC3.
These activities may include ground motion simulation validation, rupture-to-rafters simulations of building response as
well as the end-to-end analysis of large-scale, distributed risk (e.g., ShakeOut-type scenarios). Our goal of impacting
engineering practice and large-scale risk assessments requires even broader partnerships with the engineering and
risk-modeling communities, which motivates the activities described next.

Research Priorities
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Use of 3-D Simulation for Long Periods

Ehe New York Times us. Ehe New ﬂ ork Times -

SUBSCRIBE NOW LOG IN

A Seismic Change in Predicting How
Earthquakes Will Shake Tall Buildings

One Embarcadero Center and Two Embarcadero Center in San Francisco. Both are steel-frame
buildings, constructed at a time when a flawed welding technique was widely employed.
Jim Wilson/The New York Times

Selsmlc- Gamble

By THOMAS FULLER ANJALI SINGHVI and JOSH WILLIAMS

Earthquake engineers attending a conference in Los Angeles on Thursday were
encouraged to communicate more effectively with the public.
Monica Almeida forThe New York Times

At Risk in a Big Quake: 39 of
San Francisco’s Top High Rises

A report by the U.S. Geological Survey includes a list of buildings By Thomas Fuller
that are potentially vulnerable to a large quake. Some of San
Francisco’s most prominent high rises are on the list. June 27,2018
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Inclusion of Induced Seismicity in Seismic Hazard
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2018 One-Year Seismic Hazard Forecast for the
Central and Eastern United States from Induced
and Natural Earthquakes

by Mark D. Petersen, Charles S. Mueller, Morgan P. Moschetti, Susan
M. Hoover, Kenneth S. Rukstales, Daniel E. McNamara, Robert A.

Williams, Allison M. Shumway, Peter M. Powers, Paul S. Earle, Andrea
L. Llenos, Andrew J. Michael, Justin L. Rubinstein, Jack H. Norbeck,

and Elizabeth S. Cochran

ABSTRACT

This article describes the US. Geological Survey (USGS) 2018
one-year probabilistic scismic hazard forccast for the central
and castern United States from induced and natural carthquakes.
For consistency, the updated 2018 forecast is developed using the
same probabilistic seismicity-based methodology as applied in the
wo previous forecasts. Rates of carthquakes across the United
States M 2 3.0 grew rapidly berween 2008 and 2015 bur have
steadily declined over the past 3 years, especially in arcas of Okla-
homa and southern Kansas where fluid injection has decreased.
The seismicity pattern in 2017 was complex with earthquakes
more spatially dispersed than in the previous years. Some areas
of west-central Oklahoma experienced increased activity rates
where industrial activity increased. Earthquake rates in Oklahoma
(429 carthquakes of M = 3 and 4 M = 4), Raton basin (Colo-
rado/New Mexico border, six carthquakes M = 3), and the New
Madrid seismic zone (11 earthquakes M > 3) continue to be
higher than historical levels. Almost all of these earthquakes oc-
curred within the highest hazard regions of the 2017 forecast.
Even though rates declined over the past 3 years, the short-term
hazard for damaging ground shaking across much of Oklahoma
remains at high levels due to continuing high rates of smaller
carthquakes that are still hundreds of times higher than at any
tme in the state’s history. Fine demils and variability between
the 2016-2018 forecasts are obscured by significant uncertainties
in the inpur model. These short-term hazard levels are similar o
active regions in California. During 2017, M 2 3 carthquakes also
occurred in or near Ohio, West Virginia, Missouri, Kentucky,
Tennessee, Arkansas, Illinois, Oklahoma, Kansas, Colorado,
New Mexico, Utah, and Wyoming.

INTRODUCTION

This article presents the US. Geological Survey (USGS) 2018
one-year seismic hazard forecast for the central and eastern

doi 10.1785/0220180005

United States (CEUS) from induced and natural carthquakes.
Scismic hazard is defined as probabilistic ground shaking and
can be displayed using various intensity measures (c.g. peak
ground acceleration [PGA], spectral acceleration [SA], modi-
fied Mercalli intensity [MMI]; Wood and Neumann, 1931).
In this analysis, we show maps that depict the chance of dam-
aging shaking, which is not an estimate of damage but only the
potendal for shaking that could cause strong intensitics of
MMI VI+ (shaking that may resule in minor damage) or
MMI VII+ (shaking that may result in modcrate damage).
The 2018 model is developed using the same methodology
asapplied in 2016 (Petersen ez al.,2016a,b) and 2017 (Petersen
et al., 2017) forecasts. Methodologies, input data, and sensitiv-
ity studies were discussed at a 2014 user workshop held in
Oklahoma with industry, regularory, and academic instirutions
(Petersen, Mueller, er al, 2015).

We apply the same methodology as in the past two assess-
ments to provide a consistent comparison of the hazard near
the three highest activity focus areas: (1) the induced earth-
quake activity of Oklahoma—southern Kansas, (2) the induced
actvity near the Raton basin of southern Colorado and
northern New Mexico, and (3) the natural or tectonic earth-
quake activity of the New Madrid scismic zone (NMSZ; Pe-
tersen, Moschett, ez a/, 2015). This probabilistic methodology
has been applied in the National Seismic Hazard Models
(NSHMs) for the United States over the past 20 years and has
been shown to be an effective way to forecast earthquake
locations and rates (Cornell, 1968; Frankel, 1995; Zechar and
Jordan, 2010). This forecast is based on the assumption that
carthquake hazard is high in places where small-to-moderate
(moment magnitude M 2.7 and larger) carthquakes have
occurred in the recent past (Frankel, 1995; Moschetti ez al,
2016). Our model mostly assumes that the 1-year hazard
can be forecasted using the previous year’s carthquake catalog
and a Gutenberg and Richter (1944) magnitude frequency

Seismological Research Letters Volume 89, Number 3 May/June 2018 1049

Issues Include ...

1.

2.

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

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

3. Very large MCEg ground motions

due to large frequencies of
earthquake occurrence.

Stability of design maps vs.
uncertainty in forecasts.
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Inclusion of Induced Seismicity in Seismic Hazard

1 Increases in Life-Safety Risks to Building
> Occupants from Induced Earthquakes in the
5 Central United States
; ™ Nj b) and Abbi iel® v B i ;
4 Taojun Liu," ™ Nicolas Luco,” M.EERI and Abbie B. Liel,” M.EERI Induced Selsm|C|ty in Gronlngen
5 Earthquake occurrence rates in some parts of the central United States have been
6 elevated for a number of years; this increase has been widely attributed to deep Assessment Of Haza rd,
7 wastewater injection associated with oil and gas activities. This induced seismicity Buil d D d Risk
o . . ‘ ulidin dmage an IS
8 has caused damage to buildings and infrastructure and substantial public concern. 8 8
9 In March 2016, the U.S. Geological Survey (USGS) published its first earthquake
10 ground motion hazard model that accounts for the elevated seismicity, producing a
11 one-vear forecast encompassing both induced and natural earthquakes. To assess
12 the potential impacts of the elevated seismicity on buildings and the public, this
13 paper quantifies forecasted risks of a) building collapse and b) falling of
14 nonstructural building components, by combining the 2016 USGS hazard model
e . : o November 2017
15 with fragility curves for generic modern code-compliant buildings. The assessment
16 shows significant increases in both types of risk compared to that due to non-
17 induced earthquakes alone; the magnitudes of the increases vary from a few times
18 to more than a 100 times, depending on location, building period (which is By Jan van Elk and Dirk Doornhof
19 correlated to building height), alternatives for the hazard model, and the type of risk
20 of interest. For exploratory purposes only, we also estimate revised values of the
21 risk-targeted ground motion that are currently used for designing buildings.
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Opportunities for Improvement

« 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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Why Risk-Targeted Ground Motions?

TENTATIVE PROVISIONS - :
FOR THE DEVELOPMENT OF From ATC 3-06 (1978), Section 1.4.1:
SEISMIC REGULATIONS FOR BUILDINGS
A Cooperative Effort with the Design Professions, “

. 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
ONTC s reomotosy comen ground motion [i.e., the ground-motion hazard].”

Associated with the Structural Engineers Association of California

Building Code Interests and the Research Community

Prepared by

“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].”

National Science Foundation National Bureau of Standards

National Academies of Sciences, Engineering, and Medicine Meeting of the Committee on Seismology and Geodynamics ‘
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Why Risk-Targeted Ground Motions?

From ATC 3-06 (1978), Section 1.4.1:

TENTATIVE PROVISIONS

FOR THE DEVELOPMENT OF . . .
SEISMIC REGULATIONS FOR BUILDINGS Often the courts become the final judge of

A Cooperative Effort with the Design Professions, WhEther a pr OpOSEd course Of action f or
BUIIdIng Code Interests and the Research Community 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

Prepared by reactions to hazard mitigation. The lesson is to
(A ] | GReTS————— match severity of the regulation to the severity
Associated with the Structural Engineers Association (?f Califarnia Of the I‘IS/(. The COUI‘l’S fO”OW the prInCIple Of the

reasonable person who strives to achieve this
balance, and uses data to support findings of the
appropriate balance.”

National Science Foundation National Bureau of Standards

National Academies of Sciences, Engineering, and Medicine Meeting of the Committee on Seismology and Geodynamics ‘
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GM Simulations for Building Codes — Motivation
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