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Hazards Reduction Program

supportingthe'Nation's Earthquake
Restlience

Dr. Jay Harris | \
NEHRP Provisions Update Committee NIST Liaison L —
Acting NEHRP Directo_r_, NISEE

May 29, 2024 4



National Earthquake Hazards Reduction
Program (NEHRP, “nee-herp”)

2024 Building Innovation Conference
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Earthquake Hazard

42 states and all territories
iIn the Pacific Ocean and
Caribbean Sea have some
degree of earthquake
hazard.

Today, about half of the
U.S. population resides in
areas with moderate to
high earthquake hazard.

https://www.usgs.gov/programs/ & . e W
earthquake-hazards el

National Earthquake Hazards Reduction Program


https://www.usgs.gov/programs/earthquake-hazards
https://www.usgs.gov/programs/earthquake-hazards

What is NEHRP?

National Earthquake Hazards Reduction Program (NEHRP)
— Established by Public Law 95-124, Oct. 7, 1977

— Overall purpose: “...to reduce the risks of life and property from
future earthquakes in the United States...”

— In its current form, NEHRP is a multi-agency coordinating
partnership
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National Earthquake Hazards Reduction Program



What is NEHRP?

Timeline of the Earthquake Reduction Act of 1977 and Amendments

— Program has been reauthorized by Congress at various times, latest was Dec. 2018
(P.L. 115-307) — approved funding for 2019 through 2023
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1964 Alaska B

1971 San Fernando O

1989 Loma Prieta B @

1994 Northridge EQ (F)—

1933 Long Beach T
02/12/1994; P.L. 103-211

1940 Alentian Islands F
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NEHRP Agency Synergies (= Mission of the Program)

Supporting the Mission of the Program
* Monitor earthquake activity and hazard characterization (USGS, NSF)

» Conduct interdisciplinary fundamental and applied research on
earthquakes and their consequences on the built environment and
communities (NSF, USGS, NIST)

* Develop earthquake-resistant design and construction practices
(NIST, FEMA)

» Develop and promote adoption of effective model building codes and
practices for earthquake resilience (FEMA, NIST)

ZUSGS {irema I T
AR RN B 3 ol =t

* Public education on earthquake risks and mitigation (All)

« Conduct post-earthquake investigations (All, Program-level chaired by
USGS)

Please visit NEHRP.gov for more information

National Earthquake Hazards Reduction Program
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Earthquake Hazard and Risk
of Damage in the Eastern and
Central U:S-

Dr._NicelasLuco
NEHRP Provisions Update Committee USGS Liaison
Functional Recovery Task Committee Voting Member

Supervisory Research Civil Engineer, USGS
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USGS Natural Hazards Mission Area Programs
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Mission Statement |USGS Earthquake Hazards Program

The USGS Earthquake Hazards Program of the U.S. Geological Survey (USGS) is part of the
National Earthquake Hazards Reduction Program (NEHRP) led by the National Institute of

Standards and Technology (NIST).

The USGS role in NEHRP is to provide Earth sciences information and products for
earthquake loss reduction. The goals of the USGS' Earthquake Hazards Program are:

1. Improve|earthquake hazard identification |a11d risk assessment methods and their use;

2. Maintain and improve comprehensivelearthquake monitoring|in the United States

with focus on "real-time" systems in urban areas;

3. Improve the understanding of earthquakes occurrence and their effects and

consequences.| (research)
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Earthquake Hazards Program
In cooperation with: US

Latest Earthquakes

I Overview
Interactive Map

Regional
Information

Impact

Felt Report - Tell
Ls!

Did You Feel It?
ShakeMap
PAGER

Ground Failure

Aftershock
Forecast

Technical
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Example of USGS Earthquake Monitoring

M 4.8 - 2024 Tewksbury, New Jersey Earthquake

2024-04-0514:23:20 (UTC) | 40.696°N 74.760°W | 2.6 km depth

o On 4-22-2024, the USGS changed the name of this earthquake from "Whitehouse Station" to "Tewksbury" to be more in
line with local geography. The decision was made in consultation with local experts.

Interactive Map
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Felt Report - Tell Us!

1 8 3|7 4|1
Responses

Contribute to citizen science.
Please tell us about your
experience,

Citizen Scientist Contributions

Did You Feel 117 VI

Community Internet Intensity
Map

Contributed by US>

(Screenshot from https://www.usgs.gov)
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Interactive Map Felt Report - Tell Us! )
| “Did Feel It?”
cegiona USGS “Did You Feel It?
information OME No. 1028-0048
Expires 05/31/2024
Impact Privacy Act Statement +
Felt Report - Tell
1
us! Select Language
Did You Feel It? English - Felt Report - Tell Us! Did You Feel It? VI
ShakeMap 18 3 7 41 i mv"‘_ﬁl
- - ? rulon | T B }
PAGER Did you feel it? Responses
Ground Failure O Ves Contribute to citizen science,
Please tell us about your
Aftershack O o experience,
Forecast =
. Your location when the earthquake occurred
Technical Address, partial address, or geographic coordinates Community Internet Intensity
Map
COrigin
Moment Tensor Citizen Scientist Contributions Contributed by us3
@ Use Current Location
Waveforms
Download Event . . .
KML Use a map to input and/or verify your location + -
L rrrrnsTonA
N B (Screenshot from https://www.usgs.gov) May 29, 2024 15
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Mission Statement |USGS Earthquake Hazards Program

The USGS Earthquake Hazards Program of the U.S. Geological Survey (USGS) is part of the l
National Earthquake Hazards Reduction Program (NEHRP) led by the National Institute of

Standards and Technology (NIST).

The USGS role in NEHRP is to provide Earth sciences information and products for
earthquake loss reduction. The goals of the USGS' Earthquake Hazards Program are:

1. Improve|earthquake hazard identification |a11d risk assessment methods and their use;

2. Maintain and improve comprehensivelearthquake monitoring|in the United States

with focus on "real-time" systems in urban areas;

3. Improve the understanding of earthquakes occurrence and their effects and

consequences.| (research)
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SCIEMCE PRODUCTS NEWS CONMNECT ABOUT

s.::ren[:e for a changing world

Example of USGS Earthquake
Hazard Identification

SCIENCE SNIPPET

Earthquakes can strike faster than,a New York
minute -What.to.do when the ground shakes...

EL_L'I IF¥OuU FEEI_11-IE GROUND SH_M-I{E .

w Ty
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By Communications and Publishing February 12, 2024 é 2 months before NeW Jersey earthquake

Nearly 75 percent of the U.S. could experience damaging earthquake shaking, including the possibility of damaging earthquakes
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(National Seismic Hazard Model, 2023)
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Distribution of Average Annualized Earthquake Loss by Region

USGS .. Pacific Northwest — - — TSI o L
National o3 - L't /5"” Nostheaat
Seismic fmr,{h = Py

x - J_iri 3
| § - S J -frl i | } |
]/—‘L

Hazard ’___, o » |

Pl o5, Ea, DA, JEGS

Model o] - frnt
M el L2
FEMA P-366: California® O

i T, b

“Hazus et I o, \FL\
Estimated - v Ay X
Annualized ' " S I Cartiae

% I-hu.ra; q 50 100 M= m
E a I't h q U a ke . ’ o . U.S. Virgin Islands |u5. Virgin Istands [
Losses for the S N e s [ A
United States” ~oTEEER | R 1‘ A L o

A INTFRHATICHRAI

R i “earthquakes cost the nation an estimated $14.7 billion annually” May 29,2024 24



USGS National Seismic Hazard Model| W Building Codes

ASCE STANDARD

ASCE/SEI
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NEHRP Recommended

Seismic Provisions for

New Buildings and Other ;

Structures e CoE

Volume I: Part 1 Provisions, Part 2 Commentary
FEMA P-2082-1/ September 2020
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Recovering from
Earthquakes

Recovery-based Design Provisions for
the Next Generation Building Codes

Robert Pekelnicky
NEHRP Provisions Update Committee Vice Chair

Senior Principal, Degenkolb Engineers

May 29, 2024 26




What is Functional Recovery?

Definitions from FEMA-NIST Special Publication (FEMA P-2090/ NIST SP-1254):

Functional recovery is one of three recovery milestones beyond basic safety, which include

reoccupancy, functional recovery, and full functionality (or full recovery).

HELIEE GRSl
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Reoccupancy Functional Recovery Full Functionality
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Functional Recovery - How did we get here?

FEMA P-58 Project

Significant investment of NEHRP resources and attention
over the last +/- 20 years
“Next Generation” Performance-based Seismic Design
Quantify seismic building performance in understandable
metrics:

Safety

Repair Cost

Repair Time

Carbon Impact of Repair

Seismic Performance
Assessment of Buildings

Volume | — hMethodology
Sevond Bdition

FEMA P-55-1 / December 20H 8

& FEMA JL(@}F

https://femap58.atcouncil.org/documents/fema-p-58/24-fema-p-58-volume-1-methodology-second-edition/file
https://femap58.atcouncil.org/documents/fema-p-58/27-fema-p-58-volume-5-expected-performance/file
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FEMA P58 - Repair Time

Full Repair

s T
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Repair Time
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ATC 138 - Impeding Factors

Repair Time

A INTFRHATICHRAI
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Full Repair
* |Inspection e
« Repair Design = _H
« Repair Permitting et
* Repair Financing e EE.
+ Contractor Retention EE.
« Material Procurement m
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ATC 138 - Reoccupancy

The structure is maintained or restored to allow safe re-entry or provide
Shelter

Reoccupancy

Iﬁl.

Repair Time
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ATC 138 - Functional Recovery

The structure is maintained or restored to safety and adequately support

basic intended function TR G-

FLEGRLEGHEL

Repair Time

INTFRHATIGRAI
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..'- ':DUNE-" :
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ATC 138 - Full Recovery

The structure is maintained or restored to its pre-earthquake condition

Full Repair
. =
X
=l:: -
e
==

-

Repair Time

INTFRHATIGRAI
ﬁ“ SOk
..'- ':DUNE-" :
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Disclaimer

Work on the 2026 NEHRP Recommended Seismic Provisions is ongoing.

The final content of the proposals for the 2026 NEHRP Recommended Seismic
Provisions will depend on the technical and policy deliberations of the Task
Committee and the PUC.

All proposals will be balloted through the consensus review process, and any
concepts discussed herein are subject to change depending on further development
of proposals and deliberations during balloting.

GUbE
COLNCH

ﬂf’i__\_hh‘\,] AR O . .
I, . LA Building Seismic
ATIONA " p f@' FEMA m i
INTFRNATIONA) l,@' v Safety Council ,



PUC Functional Recovery Task Committee (FR TC)

Overarching Goals:

Set the stage to ultimately support community resilience through seismic building code
provisions that recognize performance impacts across the community

Near-term:

Transition philosophy and language of seismic code provisions to address functional recovery time, in addition to
safety

Standardize what is meant by functional recovery and functional recovery time

Develop “1st-generation” code language, including seismic design provisions that improve recovery time compared
to current provisions and initial recommendations for recovery priorities

Explore strategies for strengthening links between community needs and technical code provisions, including
broadening input

Longer-term:
Develop strategies and refined seismic code provisions to achieve specific seismic performance targets, not just
improved performance, where these performance targets directly reflect community needs / priorities

The information on this slide represents preliminary work-in-
A [NTFRHATICH AL progress for a current project under a FEMA-NEHRP A-E contract.
T, SaDE ) Final results, conclusions, and recommendations are still pending
Emmy COUHCl and may ultimately differ from the information shown. Do not quote
or cite.



DRAFT Functional Recovery Provisions @

Functional Recovery Categories

Functional Recovery Earthquake

Basic Intended Function Determination

Structural Design Provisions

Nonstructural Design Provisions

Functional Recovery Coordinator

Quality Assurance / Quality Control Provisions

Functional Recovery Plan
N{Performance-Based Provisions



Functional Recovery Categories

Functional Recovery Target Functional
Category Recovery Tima
A O hours
B {2 hours
C 2 months
D & months



Functional Recovery Categories

Functional

Recovery Category

A

Py o,
[T 5%

INTFRHATICHRAI
GUbE
COLNCH

Community Functions Supported by Structures

Community functions that provide essential and urgent safety and survival
needs. Functions in this catedory include but are not limited to:

Emergency response and communication
Emergency and acute healthcare

Housing of non-ambulatory populations, persons incapable of self-
preservation, and persons under custodial care

Community functions that provide salety, survival, basic well-being, and
essential everyday needs and prevent the escalation of adverse disaster
consequences. Functions i this category include but are not limited to:

Emergency senvices not included in FRC A

Ezsential food and water services

Healthcare providing regularly scheduled life sustaining treatments
Housing of vulnerable populations

Housing of transient persons for sleeping

Urgent veterinary services

Water and wastewater treatment

Power generation

Telecommunication

Petrochemical

Mining

Functional
Recovery Category

c

Community Functions Supported by Structures

Community functions that provide basic human needs, self- and group-
preservation, and that sustain short- and long-term economic, educational, and
governance activities and services. Functions in this category include but are
not limited to:

Essential governance
- Custodial care of vulnerable populations
- Housing of nontransient populations
- Education (PK-12)
- Services critical to regional econoimic stability
- Veterinary services
Community functions that enhance a cormmunity’s general well-being and

expedite the return to normalcy. Functions in this category include but are not
limited to:

Post-secondary education
Non-gsseritial governance
Recrealion
Community Turctions that enhance general well-being and amplify people's

quality of life. The recovery timeline of these functions may not be essential in
overall recovery of the community.



Basic Intended Function

Functional
Define required systems for functional Recovery

recovery:
Structural system
Fire suppression (?)
Electrical power (?)
Exterior enclosure (?)

Water / wastewater
HVAC systems (?)
S rirernTion Etc .
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Functional Recovery Earthquake Hazard @

Risk targeted to a 10% probability of not meeting target recovery

time - Risk Target = 10% in 50
I soCal
B NorCal
60 [ I Pacific NW | |
B Other WUS
[ ceus

Number of Sites

200 250 300 350 400 450 500 550 600

IMTFRHATIGHAI B
NN co Return Period (years)
..'- -.':EIUN[',II :



Structural Design Provisions

R and Qs+ by Functional Recovery Category®
Selsmic Force-Resisting ot

System

-unctional Recovery R-factors BEARING WAL SYSTEMS

Special reinforced concrete
shear walls where the

~unctional Recovery Drift Limits seercopeonylsrct 2 gotne RS Bozn

flexural capacity

BorC D

! ! 143 Special reinforced
rregularity prohibitions Noooioiiod v
shear capacity is designed 3 0.01hs R/1.56 0.02hs
for the expected flexural

Design requirements copeiy

Reinforced concrete ductile
coupled walls

Nonlinear analysis criteria Ounayrenoces 5 oon mas oo
BUILDING FRAME SYSTEMS

Requirements for Non-Building Structures — gomeermetiees o oo, was  ooan,

Steel special concentrically
braced frames

3 0.0 hss R/1L5 0.02hs:

1 0.005hs. R/LS 0.02hs

Steel ordinary
concentrically braced 1 0.005h. R/1L5 0.02hs
frames

Special reinforced concrete

shear walls where the

shear capacity I8 not 2 0.01ha. R/1L5 0.02hs
designed for the expected

R, I![:JTEEH ATICRAI flexural capacity
AR - .



Nonstructural Design Provisions

Table 24.10-2. Seismic Floor Acceleration

Threshold
Seismic loor Acceleration
Component or Threshold (g) by Functional
. Distribution System Recovery Category
Force requirements & ¢ b
MECHANICAL
Seismic certification requirements wcowing oge fog 14
HVAC Ducting 15 - 50
Table 24.10-1. Functional Recovery Nonstructural (area > 6 ft2) ' ' '
Component Importance Factors by Functional HVAC Drops 0.5 0.6 0.7

Recovery Category for Earthquake Loads Chilled Water Piping

(diameter = 2.57)

0.3 0.35 0.5

Functional Seismic Functional Recovery

Component Importance Chilled Water Piping
Recovery Category Factor, los (diamefer > 2.50) 0.45 0.5 0.65
Steam Piping
B 2 (diameter =2.457) 0.3 D35 0.5
Steam Piping
C 1.5
(diameter = 2.5") 0.5 0.6 0.7
D 1.25 PLUMBING
Potable water piping
(diameter < 2.5") 05 0.6 0.7
Putable water piping 0.5 0.6 0.7

— (diameter = 2.5")
LD rreRnATGRAl

COck
ARl FoUC



Functional Recovery Coordinator @

Reviews and approves the criteria
Reviews all disciplines

Can be project structural engineer
Reviews all delegated design

| eads pre-construction FR conference
Reviews QA/QC plan

Reviews the Functional Recovery Plan




Provisions

Quality Assurance / Quality Control @

Design professional observation requirements
Quality assurance plan
Special inspection and testing



Functional Recovery Plan

Based on San Francisco BORP and FEMA Post-EQ Recovery Plan
|[dentify components to inspect

Arrangements for inspectors

Documentation to assist the inspectors



Next steps

Full PUC Ballot of the Provisions about to commence

PUC Ballot comments resolved and re-balloted

Concurrent ballot of PUC Member Organizations and ASCE 7
Seismic

ASCE 7 Main Committee Ballot



Case Studies

Assess the cost of the provisions on different building types
Hospital

Multi-family Residential
Medical Office Building
Laboratory



NIBS Congressional Briefing

Protecting American Lives, Infrastructure, and
the Economy through Resilience

May 29, 2024 48



NIBS Congressional Briefing

INTFRHATICHRAI

ﬁ“ ook May 29,2024 49
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Panel Discussion

Dr. Jay Harris Dr. Nicolas Luco Robert Pekelnicky

Acting NEHRP Director Supervisory Research Civil Engineer Senior Principal

National Institute of Standards & U.S. Geological Survey Degenkolb Engineers
Technology

e IMTFRHATIGHAI
ﬁ“ ook May 29, 2024



Discussion

Session Objectives

1. Understand how the National Earthquake Hazards
Reduction Program serves emergency managers,
building officials, businesses, federal building
investments, and the American public.

2. Learn about the eastern U.S. seismic hazard and risk.

3. Understand the development process of the
National Seismic Hazard Model, which informs the
Nation’s model building codes seismic design
parameter maps.

4. Enhance awareness of how the next generation of
model building codes can improve community
resilience.

A L]
A LNJEEH ATIOKA]

AmmE COUnCl May 29, 2024 51



Earthquakes have grown
Increasingly costly due to
human development in risk-
prone areas. Earthquakes

cost the United States

approximately $14.7 billion

annually in building

damage and associated

0OSSesS.

NHERI Decadal Visioning Study:
2026-2035, https://nexightgroup.com/

INTFRHATICHRAI
oo
COLNCH

Drought

@ Flooding
@® Tropical Cyclone

15

10

Freeze

1980

@® Severe Storm
Winter Storm
Earthquake
@ Wildfire

1990

2000

2010

2020

2017: $383.63bn

Number of
Billion-Dollar
Disasters

Annual Costs
(CPl-adjusted)

52



Discussio n |
Question #2.Vlnerable Infrastructure - Baltimore Bridge

Minimum Design Loads

Design Speed (non-hurricane)

Wind (50 years) 90 mph
Wind (700 years) 113 mph
Wind (3000 years) 126 mph

Seismic Design (IV, SC D)

Multi-Period Design Spectrum

0.18

* Port of Baltimore = S15M/day; 800,000 vehicles in 2023

* Travel = 35,000 vehicles/day x 10-20 miles detours

* Indirect losses = new bridge by end of 20287 : -
* Cost of new bridge = $1.70B- $1.90B anticipated T Tsewie

e IMTFRHATIGKAI
‘.‘1“ ook May 29,2024 53

https://ascehazardtool.org/




Discuss on stlmulants (non- THC)

40" 4 km - ik i
’ . {76 Delaware Bay
X 200 400 GO0
Reverberations on the Watery = [ o
Element: A Significant, s 1 LQ
Tsunamigenic Historical ! 8
Earthquake Offshore the 34° ol e S
Carolina Coast f gy g C\l
. SR & (R

Susan E. Hough, Jeffrey = lwsq = S
Mu_nsey, ar_1d Steven N. Ward 30° 4 A %1978 -9
Seismological Research Letters 1__.*‘ . |~
Volume 84, Number 5 e Beiar [ S
September/October 2013 o e ]Dﬂﬁ »72 »75 | =
- ",‘ ARover o
24° = Q :‘ . . " - - C_)
. LI ™ (@)
n
20" - Qo
18° T w—_ ol <

T T 1 T T T I
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Discussion stlmulants (non- THC)
Crazy questlon #2-"Maj jor Brigges — Funct/ona/ Recovery

e Scenario 1 : Temporary loss
of bridges and tunnels into
Manhattan due to inspection
need after a moderate
nearby earthquake.

e Scenario 2: Loss of St.
Lawrence Seaway due to
bridge collapses in a large
earthquake

INTFRHATIGHAI
ﬁ“ GO
..'- -.':EIUN[',II :
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