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Preface

In 2021, the National Institute of Standards and Technology (NIST) awarded Contract
1333ND21PNB730567 to the Applied Technology Council (ATC) to identify research and practice needs
to advance seismic design and construction practices for new and existing buildings and lifeline
infrastructure in the Central and Eastern United States (CEUS). Based on a workshop held on the project
theme, this resulting report provides a summary of current issues in CEUS seismic practice and
recommended projects to address those issues. The plan provided can be used by NIST and other National
Earthquake Hazards Reduction Program (NEHRP) agencies to develop future programmatic activities
intended to improve the seismic performance of the built environment for a significant earthquake in the
CEUS.

ATC is indebted to the leadership of Emily Guglielmo, Project Technical Director, and the members of
the Project Steering Committee, consisting of Craig Davis, Julie Furr, Nathan Gould, James R. Harris,
Sanaz Rezaeian, Karl Rubenacker, and Kent Yu, for their contributions in development of the workshop
program and this report.

The Applied Technology Council also gratefully acknowledges John (Jay) Harris (Acting NEHRP
Director and NIST Project Manager) for his input and guidance in the preparation of this report; Chiara
McKenney for ATC project management; and Kiran Khan for ATC report production services.

Jon A. Heintz
ATC Executive Director

GCR 23-041 Preface iii



This page is intentionally left blank.

This publication is available free of charge from: https://doi.org/10.6028/NIST.GCR.23-041

iv

Preface

GCR 23-041



Table of Contents

Preface cuuiciiniiiiiiiiniiiiiniinicnnennecsnicsssssnsssisssisssessseessessssesssssssesssssssesssasssasssassssesssssssassssssssssssessasssassns ii
List of Figures vii
List of Tables ix
1. Introduction 1-1
1.1 Project APPIOACK ...c.veiivieiiiieie ettt sttt ettt enreennaes 1-3
1.2 Issues and Recommended Projects .........cccvicvieiiiiiiiiieiie et 1-5
1.3 TOPIC ATCAS....eeeeiieeiieeitieeeieeeieeerteeeteeette e tbeesteeessseasssaeesseessseesssaeessseessseeesseesssessnsseenes 1-6
1.4 Summary 0f Key THhEemeES ........cooveriiiiieiieiieiieste sttt ettt seeseaesnneens 1-6
1.5 Prioritization of Recommended Projects .........covevvieviiiieiiecieciecceeceecee e 1-7
1.6 Report Organization and CONEENL ............ccveeevieriieiierieiee e ereereesreeseesereseneereereeveesseas 1-7
2. Background 2-1
2.1 Earthquake Hazard............coooiiiiiiiiiiieeeet ettt 2-1
2.1.1 History of Earthquake Hazard Modelling.............ccccovveviienienienieereereeeeeennn 2-3
2.1.2 Current State of Earthquake Hazard Modelling...........cccoceeoeenininnininncncncenns 2-3
2.1.3  Design Ground MOtIONS. .......ciueeierierieneneeienitet ettt ettt sieeae 2-7
2.1.4  DeSign SPECIa SNAPES......eeevierierierieiiesiestesreereereesreesteestaesressseesseesseessessns 2-8
2.2 Building Code PrOVISIONS .......ccveiieiiiiiieiieieeieeseesee e eereereesteesteesiressvessneesseessaesssesenas 2-9
2.2.1  History of Development........c.ccocueririeiiniiniiniieieeiceeseetee et 2-9
2.2.2  Adoption, Implementation, and Enforcement ..............ccoecveiieniininniinniinninnns 2-10
2.2.3  Existing Building StoCK ..........ccoueviiiiiiiiiiieeeiecseeee et 2-12
2.3 Lifeline Infrastructure
2.3.1  History of RESEAICH ......coeuiiiiiiiieiieiiece et 2-13
2.3.2  Past Research and Practice Needs Reports ........cccccveeveecrieciiinienienieeve e, 2-14
2.3.3  Past CEUS StUGIES.....ccueriereieieeieeiesie ettt s 2-15
2.4 Future Direction of SeiSmic DeSiZN........ccceeiiiiiiiiiiiieiierieee ettt 2-16
3. Topic Area: Hazard Characteristics and Design Philosophies
3.1 Insufficient Accuracy of Hazard Modelling ..........cccoevvveeiieiieciieiieiieieceecre e 3-1
3.2 Design Motions for Seismic Safety Based on WUS Hazard ...........ccoceeiieiiiiiiiencnnnen. 3-4
33 Insufficient Understanding of Site CharacteristiCs ...........cceevueerieerienienienieeieeieeieeneens 3-7
34 Sensitivity of Seismic Design Category Thresholds..........c.ccceeevveeiievieriencieniinieeieeiens 3-8
3.5 Insufficient Understanding of Geohazard and Multi-Hazard Considerations................ 3-10
3.6 Need for CEUS Involvement in Development of Resilience and Functional
Recovery-based ProVISIONS.........cccueiiiiiieiieiiieiteesiie e e eteesie e st e sereseveesveesteesreesanesaneens 3-13
4. Topic Area: Buildings
4.1 Perception that ASCE/SEI 7 Standard is Complicated and/or Not Reflective ................ 4-2
4.2 Perception that Seismic Design iS EXPENSIVE ......ccvevviiieiiiiiicieceeeeceeste e 4-4
GCR 23-041 Table of Contents \4



4.3 Lack of Access to Training Resources for ENgineers .........cccoocvveeevieenieeicieecie e 4-6
4.4 Unknown Impact of Delegated Design on Seismic Performance...........cccocevevvrcveenennen. 4-7
4.5 Lack of Building Stock Inventory Data...........c.cccecverieviienieiiiieie e 4-9
4.6 Lack of Best Practices for CEUS-Specific Existing Building Characteristics .............. 4-11
4.7 Perception that ASCE/SEI 41 Standard is Complicated and/or Not Reflective ............ 4-14
4.8 Challenges in Adoption of Seismic Code Provisions ............cceeceeveeevvercieenieeneeneennennns 4-16
4.9 Challenges in Seismic Code Provision Enforcement............cccoevveviiiiiiiiicieeneeniesenene, 4-18
4.10 Large Amount of Building Stock Needing Seismic Retrofit..........ccccevvevieviinieiiennnns 4-21
5. Topic Area: Lifeline Infrastructure
5.1 Prioritization of the Prior Lifeline Infrastructure System Recommendations ................. 5-1
5.1.1  NIST GCR 14-917-33, Earthquake-Resilient Lifelines: NEHRP Research,
Development, and Implementation Roadmap ..................ccocovecovevceesceencencnnnnnns 5-2
5.1.2  NIST GCR 16-917-39, Critical Assessment of Lifeline System Performance:
Understanding Societal Needs in Disaster RECOVEFY ........cccouvvveecreecrvevrvesreennnns 5-7
5.1.3  FEMA P-2090/NIST SP-1254, Recommended Options for Improving the Built
Environment for Post-Earthquake Reoccupancy and Functional Recovery Time
.......................................................................................................................... 5-11
5.2 Insufficient Understanding of Social and Economic Consequences from Service Outage
....................................................................................................................................... 5-13
53 Insufficient Understanding of Risk Posed by Earthquake Hazards and Multi-Hazards 5-15
5.4 Insufficient Understanding of Dependencies and Interdependencies...............ccvveneenee. 5-18
5.5 Need for a National Lifeline Infrastructure System Component Database.................... 5-21
6. Summary Tables 6-1
Appendix A: Workshop Agenda A-1
Appendix B: Workshop Presentations B-1
Acronyms C-1
References D-1
Project Participants E-1
GCR 23-041 Table of Contents vi



List of Figures

Figure 1-1 Examples of damage from recent moderate earthquakes in the CEUS .............ccoccuveee. 1-2
Figure 1-2 Images of destruction following major 19th century earthquakes in the CEUS.............. 1-2
Figure 1-3 States represented in the group of workshop participants.............cceeeveeeveereereerieesnenenenns 1-3
Figure 1-4 Workshop participants DY SECLOT.........evvvirrirciieiieriieriee e ste e ereete e e e e seaeesseenseensaeneees 1-5
Figure 1-5 Participants at the WOrKShOP .......cccuiiiiiiiiiicic et 1-5
Figure 2-1 Earthquake hazard map of the United States .........ccceevviiiiiieiiiiieie et 2-2
Figure 2-2 Map comparing the affected areas of an earthquake in the WUS to comparable and
smaller earthquakes in the CEUS ...........c.ooooiiiiiiie ettt e 2-2
Figure 2-3 Updated boundary under consideration for the 2023 NSHM development..................... 2-4
Figure 2-4 INdUCEd SCISIMICILY ZOMES .....vvveeieeiieiieniieriieteereesteeseeseeeseaessseesseesteesseesseesssesssesssaensesnses 2-4
Figure 2-5 The fourteen updated seed GMMs in the CEUS in 2018 NSHM compared to the nine
2014 NSHM GMMS .ottt ettt ettt ettt st b et e st et enaeseeeneens 2-6
Figure 2-6 The seventeen NGA-East GMMs in the CEUS in 2018 NSHM compared to the nine 2014
NSHM GIMMS ..ottt ettt ettt ettt ettt et e teesee s e s seensenseeseensesseensansessnensens 2-6
Figure 2-7 The aleatory variabilities from 2014 and 2018 NSHMS......ccccceviriiiniiiienenceeeeeene 2-7
Figure 2-8 The site effect model used in the 2018 NSHM........cccoviiviiriiniieiieiieeeee e 2-7
Figure 2-9 Hazard curves for CEUS sites compared with San Francisco .........ccocceeeevviiiveiceneennen. 2-8
Figure 2-10 Comparison of spectral shape between a site in the WUS (Anaheim) and a site in the
CEUS (MEMPRIS) ..viieiiieeiie et eciee ettt ettt e et e e e s veeestaeeeereeessseesssaeensaeesssaeenssaenns 2-9
Figure 2-11 Covers of three reports that describe research and practice needs for lifeline infrastructure
10 the UNIted SEALES ......eeiiiriieiiieeieee ettt 2-15
Figure 2-12 Covers of three reports that present studies about seismic performance of lifeline
infrastructure systems in the CEUS .........c.ccoviiviiiiiniieieeeeee et 2-16
GCR 23-041 List of Figures vii



This page is intentionally left blank.

viii

This publication is available free of charge from: https://doi.org/10.6028/NIST.GCR.23-041

List of Figures

GCR 23-041



List of Tables

Table 3-1 Issues Covered in ChapLer 3 .......coiiiiiiiiiiiecieceeeeee ettt e ve et tn e s en e eave e eareas 3-1
Table 4-1 Buildings Issues Covered in Chapter 4...........cccvevviereeriienieenieeieerieeseeseeseessesseeseeeeees 4-1
Table 5-1 Lifeline Infrastructure Issues Covered in Chapter 5..........ccoeevveeveciieneenienienieseeeenenn 5-1
Table 5-2 Summary of Lifeline System Research and Implementation Element I Priorities .......... 5-4
Table 5-3 Summary of Lifeline System Research and Implementation Element II Priorities......... 5-5
Table 5-4 Summary of Lifeline System Research and Implementation Element III Priorities........ 5-6
Table 5-5 Summary of Lifeline System Research and Implementation Element IV Priorities........ 5-7
Table 5-6 Summary of Needs Assessment Recommendations - Lifeline Codes, Standards, and
GUIAERIINIES ...ttt ettt ettt e b e bt e s b e sat e st e eate e beenbeesbeesaeesaneeas 5-8
Table 5-7 Summary of Needs Assessment Recommendations - Research ...........coccooeniniininennee. 5-9
Table 5-8 Summary of Needs Assessment Recommendations - Modeling ...........ccccoeeveeiencnnee. 5-10
Table 5-9 Summary of Needs Assessment Recommendations - Lifeline System Operations....... 5-10
Table 5-10 Summary of Recommendations, Tasks, and Alternatives Associated with Lifelines....5-12
Table 6-1 Cost Estimate for Recommended Projects............cooveeiieiiiiiiniiiieeeeeeete st 6-1
Table 6-2 Assignment of Themes t0 ISSUES.........cocvireiiiciieriieiierie et 6-2
Table 6-3 Issues and Recommended Projects: Hazard Characteristics and Design Philosophy......6-4
Table 6-4 Issues and Recommended Projects: Buildings.........ccccovieiiiiiiiiiiiniienienieieecececeee, 6-5
Table 6-5 Issues and Recommended Projects: Lifeline Infrastructure............ccoeoeeveniiiiinieencennen. 6-7
GCR 23-041 List of Tables ix



This page is intentionally left blank.

This publication is available free of charge from: https://doi.org/10.6028/NIST.GCR.23-041

List of Tables

GCR 23-041



Chapter 1

Introduction

Much of the built environment in the Central and Eastern United States (CEUS) was not designed or built
to resist earthquakes and could be damaged if affected by an earthquake of even moderate size. Though
damaging earthquakes are rare events in the CEUS, the vulnerability of buildings and lifeline
infrastructure makes the region susceptible to devastating consequences from earthquakes when they do
occur. An earthquake with significant ground shaking that happens to strike a densely built-up region in
the CEUS has the potential to result in a major loss of life, widespread damage of buildings, and lifeline
infrastructure losses.

Disruptions caused by an earthquake with significant ground shaking in the CEUS could ripple out
beyond the immediately affected area and impact operations around the nation. For example, pipeline
damage could halt the flow of fuel, creating gasoline and jet fuel shortages that impact travel and
distribution services across the nation. The impact of a cyberattack that shut down a major pipeline from
Houston, Texas, to the southeastern United States for five days in 2021 (Englund and Nakashima, 2021)
provides a glimpse into how regional and national interdependencies could be stressed by an earthquake
in the CEUS. However, relative to a targeted attack on one pipeline, damage to the built environment
from an earthquake in the CEUS would impact a wider range and number of systems, and the time to
restore operations could be much longer.

Moderate earthquakes occur on a regular basis in the CEUS, such as the 2011 magnitude (M) 5.8 Virginia
Earthquake (USGS, 2019a), the 2016 M5.8 Oklahoma Earthquake (Taylor et al., 2017), and the 2020
MS5.1 Sparta Earthquake (Price and Lindstrom, 2020) in North Carolina (Figure 1-1). The lower
population density of these recent earthquake locations limited the overall amount of damage, but three of
the densest cities in the United States (New York, Philadelphia, and Boston) are in locations with a
similar level of seismic hazard. At present, there is insufficient inventory data to paint the full picture of
vulnerability of these major cities to earthquakes, but the typical characteristics of the building stock and
lifeline infrastructure make obvious that vulnerability to earthquakes is high. Considering the high
exposure of these major cities, even a moderate earthquake would jeopardize the safety of a large number
of people and could cause major disruptions to the region and the nation.

Moderate earthquakes are not the only concern. Some of the largest known earthquakes in the contiguous
United States occurred in the CEUS. In 1811 and 1812, several earthquakes between M7 and M8 struck
the New Madrid Seismic Zone (Figure 1-2a), where six states meet in the Mississippi Valley (USGS,
2019Db). Significant ground failure and impact to river navigability were observed in those events. In
1886, an M7 earthquake struck near Charleston, South Carolina (Chapman et al., 2016) and heavily
damaged the port city (Figure 1-2b).

GCR 23-041 1: Introduction 1-1
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Figure 1-1 Examples of damage from recent moderate earthquakes in the CEUS.
(a) Chimney collapse in the 2011 M5.8 Virginia Earthquake (from USGS).
(b) Out-of-plane unreinforced masonry wall failure in the 2016 M5.8 Oklahoma

A R ? -
THE GREAT EARTHQUAEKE AT NEW MADRID huk T S

(a) (b)

Figure 1-2 Images of destruction following major 19" century earthquakes in the CEUS.
(a) Woodcut print depicting one of the New Madrid Earthquakes of 1811 to 1812.
(b) Widespread damage from the 1886 Charleston Earthquake (from USGS).
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To date, most fundamental research, applied research, practice-related projects, and development of codes
and standards have focused on the seismic performance of the built environment in the Western United
States (WUS). Data from these activities are applied to seismic practice in the CEUS, but a one-size-fits-
all approach does not account for regional differences between the WUS and CEUS. Beyond that issue,
practices essential for seismic safety are not always implemented in the design and construction of new
buildings in the CEUS, and seismic retrofitting of vulnerable existing buildings is not viewed as a high
priority in many jurisdictions of the CEUS.

Preventing an earthquake disaster in the CEUS will require determining the extent of vulnerabilities of
existing buildings and lifeline infrastructure, addressing the identified vulnerabilities, and raising the
standard for design and construction of new buildings and lifeline infrastructure. This report summarizes
the issues presently impeding advancement of seismic practice in the CEUS and presents a roadmap of
research and practice-related projects to address the identified issues. The benefit of addressing
impediments to seismic resilience in the CEUS is incalculable. Better performing buildings and lifeline
infrastructure during a significant earthquake will translate into saved lives, reduced injuries, avoided
economic losses, lower insurance costs, reduced recovery costs, and faster recovery times. Completing
the projects identified in this report will result in CEUS communities that are safer in and quicker to
recover after earthquakes.

1.1 Project Approach

The project was guided by a steering committee and centered around a workshop held in October 2022.
The steering committee was selected to represent relevant expertise in the subject matter. In advance of
the workshop, the steering committee developed a preliminary list of issues in CEUS seismic practice to
seed discussion at the workshop and organized those issues into three general topic areas: Hazard
Characteristics and Design Philosophies, Buildings, and Lifeline Infrastructure. Topic areas are
described in Section 1.2.

Topic papers on each of the major subjects were developed by the steering committee and circulated to
workshop participants in advance of the workshop, along with a pre-workshop poll. The workshop was
designed to expand and refine the steering committee’s list of issues, develop a list of research and
practice-related projects to address those issues, and identify the highest priority needs. This report
provides a synthesis of the information gathered in advance of the workshop and during the workshop.

The two-day workshop, entitled Seismic Practice Needs for Buildings and Lifeline Infrastructure Located
in the Central and Eastern United States, was held on October 17 and 18, 2022. The workshop was
attended by 43 invited participants from 14 states (Figure 1-3). Participants represented perspectives from
engineering practice, academia, code development, Federal and State Government, lifelines operations,
and non-profit organizations (Figure 1-4). The workshop was funded by the National Institute of
Standards and Technology (NIST) and held at the Sheraton Charlotte Airport Hotel in Charlotte, North
Carolina (Figure 1-5).

At the workshop, all participants attended the introductory and closing plenary sessions and the topic
session on Hazard Characteristics and Design Philosophies. Participants divided into two tracks to

GCR 23-041 1: Introduction 1-3



participate in sessions covering the other topic areas: Buildings (25 people) and Lifelines (17 people).
Each topic session included introductory presentations and breakout discussions. At the conclusion of the
workshop, each identified issue was prioritized by the participants to determine the level of criticality for
advancing seismic practice in the CEUS.

As a starting point for discussion, the Lifelines Track used the recommendations from three prior reports

(published between 2014 and 2021) that identify research and practice needs for lifeline infrastructure on
a national level. As the other two topic areas did not have analogous reports, seeds for discussion in those
topic areas were developed by the steering committee.

After the workshop, the lists of issues and projects from the workshop were organized and distilled by the
steering committee to consolidate similar items and highlight key themes.

The workshop agenda is provided in Appendix A. Presentation slides are provided in Appendix B.

Figure 1-3 States represented in the group of workshop participants (including steering
committee). Participants outside of the CEUS were selected for specific expertise
needs.

GCR 23-041 1: Introduction 1-4
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Figure 1-4 Workshop participants by sector.

5,
=

Figure 1-5 Participants at the workshop.

1.2 Issues and Recommended Projects

This report describes existing issues in seismic practice in the CEUS and recommended projects to

address those issues.

GCR 23-041

1: Introduction

1-5



Each issue is referenced by the section number of the report in which it is described (e.g., Issue 3.1 is
described in Section 3.1 along with all projects recommended to address Issue 3.1). For each issue, a
description is provided, along with a recommended approach to address the issue and the envisioned
impact of addressing the issue.

Each project is referenced by the number of the issue that it addresses and a letter (e.g., Projects 3.1-A,
3.1-B, 3.1-C, and 3.1-D are recommended to address Issue 3.1 and described within Section 3.1). For
each project, a description, a priority level (see Section 1.5), key steps, roles, and estimate time to
complete are provided.

1.3 Topic Areas
The workshop and this report are organized into three major topic areas:

o  Hazard Characteristics and Design Philosophies (Chapter 3) is a topic area that includes hazard
modelling; geo- and multi-hazard considerations; design ground motions; and potential future
recovery-based design philosophy.

o  Buildings (Chapter 4) is a topic area that includes new building design; evaluation and retrofit of
existing buildings; building codes, standards, and guideline development; and building code adoption
and implementation.

e Lifeline Infrastructure (Chapter 5) is a topic area that includes existing and new infrastructure
systems for water, wastewater, drainage, communication, electric power, gas and liquid fuels,
transportation, and solid waste systems.

Most identified issues in the Buildings or Lifelines Infrastructure chapters are specific to that topic area,
but all issues covered under Hazard Characteristics and Design Philosophies impact both the Buildings
and Lifeline Infrastructure topic areas. Some issues covered under Hazard Characteristics and Design
Philosophies are major issues in their own right within Buildings, such as those pertaining to design
ground motions, seismic design category, and potential future directions for seismic design philosophy.
To prevent duplication of information, such issues are addressed only in Chapter 3 but listed in the
opening to Chapter 4.

1.4 Summary of Key Themes

Across more than twenty seismic practice issues that are described in the report, several key themes
emerged:

e A greater understanding of seismic hazard characteristics in the CEUS is needed.

e The level of seismic safety targeted by current codes, which is based on WUS hazard, produces
different levels of reliability in the CEUS because of how the natures of the hazard (i.e., event
frequency, severity, and characteristics of the ground shaking) differ.

e Current seismic standards and guidelines do not address all building typologies and characteristics
(e.g., materials) common in the CEUS.

GCR 23-041 1: Introduction 1-6



e Seismic provisions are perceived by some CEUS engineers as too complicated and some CEUS
clients as too costly.

e Some jurisdictions are resistant to adopting and/or enforcing seismic provisions. Some jurisdictions
are expected to be resistant to future seismic provisions if based on enhanced performance to address
objectives beyond life safety (e.g., functional recovery).

e Barriers to retrofit include lack of data about and unique issues in the CEUS existing building stock.

e FEarthquakes in the CEUS can have compounding effects from failure of energy infrastructure or
levees/dam systems. They also have the potential to be multi-hazard events due to seasonal weather
and environmental conditions.

Table 6-2 identifies common themes across the issues described in this report.

1.5  Prioritization of Recommended Projects

Each recommended project in the report is assigned a priority level, which was determined using input
from the workshop participants. The workshop participants rated each project on a scale of moderately
important (1) to critical (3). Participants only assigned priority levels to workshop sessions in which they
took part (i.e., Buildings Track participants did not assign priority levels to projects discussed in the
Lifelines Track and vice versa).

Priority levels were assigned using the average priority score across workshop participants, except in a
few cases where projects identified at the workshop were divided or consolidated after the workshop. In
those cases, the priority level was interpolated or inferred by the steering committee.

The importance of each recommended project in this report is categorized from lowest to highest levels as

e | MODERATELY IMPORTANT | (average score of 1.0 to 1.4),

. | IMPORTANT | (average score of 1.5 to 2.4), or

e | CRITICAL | (average score of 2.5 to 3.0).

The number in parentheses provided next to the priority level is the average priority score from workshop

participants.

Priority levels can be compared across all recommended projects using Tables 6-3 to 6-5, which list all
issues and recommended projects by chapter along with priority level. Table 6-3 covers Chapter 3,
Hazard Characteristics and Design Philosophies. Table 6-4 covers Chapter 4, Buildings. Table 6-5
covers Chapter 5, Lifeline Infrastructure.

1.6 Report Organization and Content

This report summarizes issues in CEUS seismic practice for existing and new buildings and lifeline
infrastructure, provides recommendations for future research and practice-related projects, and includes
an order of magnitude estimate of the approximate level of effort. The plan is intended to be coordinated
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with other National Earthquake Hazard Reduction Program (NEHRP) partner agencies, representative

industry organizations, and national model building codes and standards development organizations.

The remaining chapters of this report are organized as follows:

Chapter 2 provides background information across all topic areas.

Chapter 3 provides descriptions of issues and projects for the Hazard Characteristics and Design
Philosophies Topic Area.

Chapter 4 provides descriptions of issues and projects for the Buildings Topic Area.

Chapter 5 provides descriptions of issues and projects for the Lifeline Infrastructure Topic Area.

Chapter 6 provides cost estimation information and summary tables highlighting themes and priority

levels.

The workshop agenda, the workshop presentations, a list of acronyms, references, and project participants

are provided as appendices at the end of the report.
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Chapter 2

Background

This chapter provides background for the issues and recommended projects presented in Chapters 3 to 5.
Background content for all three topic areas is presented in this chapter to accommodate major themes
that bridge topic areas. Context is provided about the nature of the earthquake hazard in the CEUS,
current state of seismic practice in the CEUS for lifelines and buildings, and expected future direction of
seismic practice in the United States.

To date, most fundamental research, applied research, practice-related projects, and development of codes
and standards has focused on the seismic performance of the built environment in the WUS, leaving the
CEUS without adequate attention despite having areas of both moderate and high seismic hazard.
Especially relevant to understanding CEUS seismic risks is understanding the ways in which the CEUS
differs from the WUS. This chapter emphasizes those differences, as these variations contribute to the
issues presented in Chapters 3 to 5.

2.1 Earthquake Hazard

The risk exposure and nature of earthquake hazard vary across the CEUS. Parts of the CEUS expected to
be affected by large events with extreme or violent shaking include the area around Charleston, South
Carolina, and the New Madrid Seismic Zone, where six states meet in the Mississippi Valley. The
vulnerability of the built environment in these areas is driven by high hazard that is best exemplified by
several earthquakes between M7 and M8 that struck the New Madrid region in 1811 to 1812 (USGS,
2019b) and the M7 Charleston Earthquake in 1886 (Chapman et al., 2016). Parts of the CEUS susceptible
to moderate events of strong shaking include New York, Boston, and Philadelphia, three of the densest
cities in the United States; the seismic risk of these moderate hazard areas is driven by large populations
and high density. In general, hazard is highest for CEUS regions that have experienced large earthquakes
in the past, as shown in the earthquake hazard map by the United States Geological Survey (USGS) in
Figure 2-1.

Due to geological differences, an earthquake in the CEUS affects a wider geographical area than a similar
magnitude earthquake in the WUS. Figure 2-2 compares the area over which an earthquake in the WUS
was felt relative to three comparable or smaller earthquakes in the CEUS.
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Figure 2-1 Earthquake hazard map of the United States (from USGS).

Figure 2-2 Map comparing the affected areas of an earthquake in the WUS to comparable
and smaller earthquakes in the CEUS (from USGS).
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2.1.1 History of Earthquake Hazard Modelling

The National Earthquake Hazards Reduction Program (NEHRP) was established in 1977 following the
1971 San Fernando Earthquake in California to “reduce the risks of life and property from future
carthquakes in the United States through the establishment and maintenance of an effective earthquake
hazards reduction program” (NEHRP, 2023). As a national program, NEHRP broadened the focus of
seismic hazard mitigation to a nationwide scale, deliberately including both WUS and CEUS regions.
However, research and tools used today for quantifying earthquake hazards are primarily based on WUS
geology and criteria. These tools are extrapolated to the CEUS to quantify seismic hazards in known
historically active regions but with a higher degree of uncertainty and lower confidence in the results due
to the lower frequency of occurrence and other challenges to regionally testing the accuracy of the tools.

It was only in 2018 that a suite of ground motion models (GMM:s) focused specifically on CEUS geology
and characteristics was developed. This project, called the Next Generation Attenuation Relationships for
Central & Eastern North-America (NGA-East), was coordinated by the Pacific Earthquake Engineering
Research Center (PEER) and quantifies CEUS seismic hazards based on actual CEUS data (Goulet et al.,
2018).

2.1.2 Current State of Earthquake Hazard Modelling

Hazard curves represent the probabilities of exceeding certain levels of ground motions. These curves are
generated by combining information on seismic hazard sources and GMMs through probabilistic seismic
hazard analyses (PSHA). This section summarizes existing relevant research and hazard models, as well
as gaps in existing knowledge needed to develop hazard curves that are appropriate for CEUS sites,
taking into account regional differences.

The border between the CEUS and WUS regions is defined by an attenuation boundary, which separates
the two regions by seismicity catalog and which GMMs are used in PSHA. The attenuation boundary
between the active tectonic WUS crust and the stable continental CEUS crust has traditionally gone
through Colorado. As a result, there is a transition zone between 115- and 100-degrees west longitudes.
This boundary is currently being updated by USGS based on new research (Figure 2-3) for the 2023
USGS National Seismic Hazard Model (NSHM).

Two types of seismic sources are defined in the CEUS: fault-based and repeating large-magnitude
earthquake sources, such as the New Madrid and Charleston source zones, and grid or background
seismicity sources that include smaller magnitude events, such as the East Tennessee seismic zone.

The 2014 NSHM updated the fault model for the New Madrid seismic zone, and the 2018 NSHM updated
the earthquake catalog and rate models for the background seismicity (Petersen et al., 2020). Expected
seismic source updates in the 2023 NSHM (Petersen et al., expected 2023) were presented at the
workshop.

Induced earthquakes have been removed from long-term NSHMs because they are ephemeral features
and change rapidly over short periods of time. USGS, however, has considered these earthquakes in
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several short-term (1-year) forecasts for the CEUS (Petersen et al., 2016). Figure 2-4 is a map of induced

seismicity regions in the CEUS.
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Figure 2-3 Updated boundary under consideration for the 2023 NSHM development in
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Figure 2-4 Induced seismicity zones (Petersen et al., 2016).
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In the 2018 NSHM, there were major updates to CEUS GMMs. Namely, 31 new GMMs replaced the 9
GMMs of the 2014 NSHM and provided significant improvements to the representation of the ground
motion space (i.e., epistemic uncertainty). These included 17 GMMs from the NGA-East project (Goulet
et al., 2018) and 14 updated seed GMMs (defined in Rezaeian et al., 2021), all developed for very hard
rock site conditions (Vs30=3000 m/s) and periods between 0 seconds (i.e., peak ground acceleration, PGA)
and 10 seconds. Single models for aleatory variability and site effects were applied to all GMMs
(Rezaeian et al., 2021).

Since epistemic uncertainty on the median GMM improved significantly in the 2018 NSHM, addition of
any new GMM is expected to make little difference in the mean hazard results. However, some questions
remain regarding the current distribution of weights between NGA-East and updated seed GMMs (two-
thirds and one-third respectively). Specifically, more research is needed to determine whether NGA-East
GMMs properly represent the complexities seen in seed GMMs (e.g., reflection of seismic waves from
the Moho boundary) and investigate possible overestimation of uncertainties around 60 to 100 kilometers
(Figures 2-5 and 2-6).

The overall aleatory variability model that was applied to all GMMs gave 20% and 80% weights
respectively to the NGA-East recommended model “2018 Updated EPRI” and an alternate model
developed by a “2018 Working Group” to include CEUS site-to-site variability terms (Figure 2-7). More
research is required to gain more confidence in the “2018 Working Group” model and consider its weight
in future updates.

A CEUS-specific site effect model was implemented for the first time in the 2018 NSHM, a significant
improvement over previous NSHMs. Figure 2-8 shows the magnitude-distance dependence of the overall
implemented model in solid lines. However, more research remains to improve this model, and the
appropriateness of current site parameters (i.e., top-30-meter shear wave velocity, V30, and the basin
depth parameters, Zi, Z»s) for CEUS should be investigated. The current site effect model should be
modified for specific regions in the CEUS such as the Gulf and Atlantic coastal plains or within CEUS
basins such as the eastern Great Lakes. Some ongoing recent research is available (Boyd et al., 2020), but
not yet implemented in practice. However, it is being considered for implementation in a logic tree of the
2023 NSHM update (Petersen et al., expected 2023).

USGS NSHMs only consider shaking hazards from earthquakes. There are other kinds of hazard such as
liquefaction and lateral spreading that present potential risks from earthquakes in the CEUS. These
geohazards have not been studied in detail in the CEUS national context. Some work has been done in
local urban hazard mapping efforts, and efforts are underway to apply a national crustal model (Boyd et
al., 2020) to perform a national assessment of site response and liquefaction hazard.
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Figure 2-5 The fourteen updated seed GMMs in the CEUS in 2018 NSHM compared to the
nine 2014 NSHM GMMs (Rezaeian et al., 2021). The irregularity in the box is
discussed in Rezaeian et al. (2021).
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Figure 2-6 The seventeen NGA-East GMMs in the CEUS in 2018 NSHM compared to the
nine 2014 NSHM GMMs. Epistemic uncertainty range is indicated by the arrows
(Rezaeian et al., 2021). For more detailed discussion on uncertainty ranges see
Rezaeian et al. (2021)
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Figure 2-8 The site effect model used in the 2018 NSHM (Rezaeian et al., 2021).
2.1.3 Design Ground Motions

Seismic design methodologies are strongly influenced by empiricism, and nearly all the modern U.S.
experience is from earthquakes in the WUS. Ground motions for the design of new buildings per
ASCE/SEI 7, Minimum Design Loads and Associated Criteria for Buildings and Other Structures
(ASCE, 2022), and the International Building Code (IBC) (ICC, 2020a) are calculated by integrating the
hazard curves with structural fragility functions to achieve a certain risk level for collapse. Therefore, the
shape of the hazard curve is important in computing the level of ground motion used for design. Figure
2-9 shows hazard curves for several locations in the CEUS and one for downtown San Francisco. Notice
the difference in shape; at low probabilities of exceedance, the motions in the high hazard portions of the
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CEUS could exceed those for San Francisco; yet at higher probabilities (i.e., lower mean recurrence
intervals), the motions in those same locations are far less than the corresponding motions in San
Francisco. The target reliability for buildings with ordinary occupancies has been defined based on
experience at WUS sites. The target is substantially higher (i.e., less safe) than that for other loads
important in structural design, such as wind. Particularly for lower hazard areas and for dense cities, this
concept of a higher target risk for seismic safety deserves further study. The risk-targeted ground motion
in the very high hazard portions of the New Madrid region is deterministically capped, again based on the
philosophy developed for WUS sites, although the amount of area affected by deterministic capping is
less in the CEUS than the WUS. Alternative approaches to deterministically capping have been explored
(Stewart et al., 2020; Luco et al., 2017), but not yet implemented in practice.
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Figure 2-9 Hazard curves for CEUS sites compared with San Francisco.

2.1.4 Design Spectra Shapes

Multi-period response spectra (MPRS), the newest procedure in ASCE/SEI 7 for characterizing ground
motions for design, makes use of an acceleration response spectrum specified at 22 periods of vibration,
which provides a spectrum capable of more accurately representing geological site conditions. However,
the two-parameter spectrum based upon response acceleration at two periods of vibration (0.2 s and 1.0 s)
is still the basis for many important design provisions. Figure 2-10 shows that the typical CEUS spectrum
exceeds the design value for the short period portion of the spectrum by a substantial amount. A decision
to ignore those high values at very short periods for the purpose of building design by the widely used
Equivalent Lateral (static) Force method was made about 25 years ago, based upon engineering judgment,

and is deserving of more detailed study.
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Figure 2-10  Comparison of spectral shape between a site in the WUS (Anaheim) and a site in
the CEUS (Memphis). For these sites, the 2500 year mean recurrence interval
uniform hazard spectra (UHS) is close to the MCEr multi-period spectra.

Other parameters of design spectrum development that need to be made CEUS-specific are maximum

direction factors and the long period parameter, Tr.

2.2 Building Code Provisions

Most U.S. standards, codes, and guidelines currently used in seismic practice were developed in the
context of hazard and building characteristics typical of the WUS. In the CEUS, adoption, enforcement,
and implementation of seismic code provisions were considered a low priority, primarily due to less

frequent seismic activity.

2.2.1 History of Development

The Uniform Building Code (UBC) was the earliest model building code in the United States to clearly
codify seismic design and detailing requirements for use by engineers and planners. Voluntary seismic
provisions were introduced in the 1927 UBC, refined and improved over time, and in later editions made
mandatory. These early seismic design requirements were developed by WUS engineers. The seismic
provisions of the UBC were adopted primarily by jurisdictions in the WUS. Beginning in 1959, the
Structural Engineers Association of California published “Recommended Lateral Force Requirements.”
That document was updated regularly and became the basis for the seismic requirements in subsequent
editions of the UBC.

Advancement of UBC seismic provisions was driven by actual building failure mechanisms observed
during earthquakes in the WUS and around the world. In the CEUS, the historically predominant model
building codes were the Standard Building Code (SBC) and the Building Officials and Code
Administration (BOCA) Basic Building Code. The SBC and BOCA did eventually include seismic
provisions, but for many years those model codes contained escape clauses. Few jurisdictions utilizing
those model codes required any seismic provisions in design or construction. For example, up until the
1987 BOCA and SBC codes, provisions in those codes provided an exemption from the consideration of
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earthquake loads “...where local experience or the records of the USGS do not show loss of life or
damage or property, regardless of zone” (BOCA, 1984; SBCCI, 1984). Given the limited population in
the New Madrid and Charleston regions during the time of the large seismic events, this was an easy out
for many designers. Because earthquakes were less likely to happen in the CEUS, there was little
justification to support extensive and sometimes costly seismic code requirements and less incentive for
engineers to push for their development and implementation.

Underpinned by NEHRP and using the UBC as the vehicle of implementation, stakeholders in the WUS
delved into the underlying cause and magnitude of expected seismic hazards and began to develop the
means to accommodate the resulting ground motion with design provisions focused on minimizing loss of
life and protecting the public health and welfare. In the early 1990s, NEHRP-supported seismic
provisions were adopted by the SBC and BOCA, as well as the general structural loading standard
ASCE/SEI 7, Minimum Design Loads for Buildings and Other Structures.

With the merger of the regional building codes (UBC, SBC, BOCA) into the International Code Council
(ICC), the ICC set of national model building codes (“I-Codes”) have become the basis for the
overwhelming majority of state and local building codes (ICC, 2020a; 2020b, 2020c¢). The I-Codes are
developed on a national level rather than a regional or local level. The seismic events, consequences, and
community needs in the WUS tend to dominate the I-Code seismic design provisions.

2.2.2 Adoption, Implementation, and Enforcement

As seismic design provisions continue to advance in the I-Codes and associated standards, the CEUS lags
behind the WUS with respect to adoption, implementation, and enforcement of specific code versions and
the respective seismic provisions. In some CEUS jurisdictions, [-Code seismic design provisions are
consciously and deliberately reduced through local amendments. Some jurisdictions in the CEUS still
question if seismic design should be required at all. The resulting discrepancies between the performance
objectives behind the current provisions and the likely performance of the building stock during a seismic
event in the CEUS will have real life consequences to the building occupants, owners, and impacted
communities.

A frequently cited impediment to adoption is the 3-year code publication cycle that can be at odds with
the jurisdictional adoption process timelines. Jurisdictional structures vary between states and between
state and local municipalities and include hybrid variations of exempt jurisdictions under state level
umbrellas. The adoption processes may require interaction between state, county, and local levels,
resulting in adoption timelines of approximately 3 years from start to finish. This may cause the adopted
code to come into effect at approximately the same time a new national model building code is published.
Specific local environmental, societal, and economic concerns add to the practical timing and technical
issues to further stymie broad efforts to facilitate uniform code adoptions within the CEUS.

Adopted building code versions and local amendments vary widely between CEUS jurisdictions. In some
locations, jurisdictions may not explicitly adopt a code and it is left up to the engineer to select an
appropriate version. In other locations, jurisdictions may adopt a commercial code only, without including
a residential code.
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CEUS adoption of residential building codes varies significantly because of local amendments and some
exempt jurisdictional structures that do not require residential code compliance. In particular, seismic
provisions for small residential structures are frequently reduced or eliminated altogether, justified by the
argument that the increased cost is not warranted due to the low probability of a damaging earthquake
occurring or that the seismic provisions in the International Residential Code (IRC), which addresses one-
and two-family dwellings and low-rise multi-unit dwellings, are overly conservative and will impede
development. Although only a subset of the overall code adoption discussion, the voices of the residential
development community influence both residential and commercial adoptions. Some of the objections
raised at local and state levels deserve focused consideration to address the issues raised with residential
codes. Such focused consideration will have the added benefit of differentiating between residential and
commercial code provisions. This differentiation is critical in CEUS code adoption discussions to separate
commercial and residential codes, because commercial codes are sometimes rejected due to concern by
some groups over the residential provisions.

The seismic provisions of IRC have been modified each cycle without a comprehensive analysis and
review of the collective impact of the provisions. The wind and seismic wall bracing provisions of the
IRC were last systematically reviewed and updated in the 2009 edition, with the update effort led by the
ICC Ad Hoc Wall Bracing Committee. Collectively there may be room for updating and streamlining the
seismic provisions for small residential buildings and thus reducing cost impact to new housing projects.

Among the challenges to ensuring proper and uniform enforcement of building code provisions in the
CEUS are building department staff qualifications, review processes, and available resources and
enforcement tools. CEUS code officials and staff do not all have Professional Engineer (PE) licenses. Of
the licensed PEs on staff, only a small percentage are structural engineers and/or well versed in seismic
provisions. This results in uneven enforcement between jurisdictions, which generates resistance to new
seismic provisions that change the status quo or add perceived cost to a structure. Code officials that have
an in-depth understanding of the intent and function of seismic provisions tend to be more stringent in
document reviews and construction enforcement. Where code officials have a less in-depth
understanding, document reviews tend to be less stringent and rely heavily upon a presumption of
knowledge held by the Engineer of Record (EOR); construction enforcement tends to be limited to easily
observable requirements clearly detailed in the construction drawings, with less scrutiny of embedded
requirements and compliance items that are listed in construction drawing notes or specifications.

Peer reviews are occasionally required in a few larger metropolitan CEUS jurisdictions for specific
building types (e.g., hospitals). However, smaller CEUS jurisdictions rarely impose peer review or similar
requirements that would engage a review of the design by an independent qualified engineer. The result is
that code officials and their staff provide the only review of construction drawings prior to approval for
construction outside of the original design firm.

Across the nation, code enforcement resources are stretched thin and routinely directed to the most
immediate needs. Many CEUS jurisdictions have deemed seismic design requirements as a low priority
relative to other hazards, thus limiting the resources allocated for seismic design and enforcement.
Outside support and incentives from state and/or federal programs have supported local code enforcement
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departments in compliance with flood provisions and could be similarly beneficial in encouraging
compliance with current seismic provisions.

Nonstructural seismic anchorage falls within a grey area of responsibility, and code enforcement
frequently lacks clear information from the construction documents on the requirements. In the CEUS,
structural engineers may consider this anchorage to be within the scope of the appropriate discipline
engineer (i.e., mechanical, electrical, plumbing, or fire), whereas some of those engineers consider the
anchorage within the scope of structural engineers. (Fire protection engineers typically incorporate this
anchorage for their systems within their design scope.) This results in nebulous requirements that may not
be understood, cannot be enforced, or are simply overlooked by enforcement jurisdictions.

The wide variations in jurisdictional organizations, presence of multiple jurisdictions, and lack of
knowledge on how each jurisdiction works impedes a coordinated effort to educate, train, and update
official and practitioners in the CEUS to the latest available national model building code versions.

2.2.3 Existing Building Stock

The ongoing challenges in the CEUS with adoption, enforcement, and implementation of seismic code
provisions for existing buildings are even greater than for new buildings. Many older buildings in the
CEUS were designed without consideration for earthquake forces. The collective existing building stock
of the CEUS will, for an indeterminate timeframe, remain at a higher level of seismic risk than is
expected from compliance with current national model building code seismic provisions.

CEUS jurisdictions collectively are tasked with making use of current seismic provisions to reduce this
higher level of building stock vulnerability through new code-compliant construction and modifications
to existing construction. The need for simplified approaches for evaluating and rehabilitating seismic
hazards in existing buildings is even greater in the CEUS than the WUS. Further, existing CEUS
buildings present issues that are different in scope or ubiquity than in existing buildings in WUS practice.
As a result, there is insufficient guidance incorporated in current relevant standards, such as ASCE/SEI
41, Seismic Evaluation and Retrofit of Existing Buildings (ASCE, 2017), and guidelines for some typical
existing CEUS building types and characteristics.

2.3 Lifeline Infrastructure

Lifeline infrastructure is systems that are critical to the functioning of a modern society, such as water,
wastewater distribution and treatment, storm and sewer drainage, communication, electric power, natural
gas and liquid fuels, transportation, and solid waste collection and storage systems (Duke and Moran,
1975). Communities are unable to recover after an earthquake until these systems can operate at a level to
provide their basic services. As a result, it is important for lifeline infrastructure systems to be designed,
constructed, operated, and maintained in a manner such that they will recover to provide the critically
needed services to users in a rational and reliable manner after a seismic event. Lifeline infrastructure
systems are often designed, constructed, and maintained by a privately-owned business; in some sectors a
system may be regulated by a government entity. In other cases, a government entity governs all aspects
of a system. The extent of regulatory authority varies between sectors and jurisdictions, as well as the
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type of regulation provided (e.g., protecting consumers vs. economic regulation). Development of design
and construction standards and their enforcement can also vary.

There are conditions unique to the CEUS pertaining to the design and construction of lifeline
infrastructure systems for earthquakes. These conditions include low awareness of the seismic risks,
methods and policies for design and construction, differences between perceptions of expected seismic
performance and how they may actually perform, and competing priorities for funding to address many
other hazards the CEUS is exposed to (e.g., floods, tornadoes, hurricanes, severe storms).

2.3.1 History of Research

Over the past 50 years, there has been intermittent attention to the advancement of design and
construction of U.S. lifeline infrastructure systems to improve ability to withstand the effects of and
recover services after an earthquake or other natural hazard event (NIST, 2014; 2016). The extensive
damage to engineered transportation, electric power, water, and other lifeline systems and components
caused by the M6.6 San Fernando Earthquake in 1971 gave rise to the field of lifeline earthquake
engineering and inspired engineering professionals to raise the standards of lifeline infrastructure system
performance in earthquakes across the United States.

Established in 1977 following the 1971 San Fernando Earthquake, NEHRP set the stage for subsequent
creation of key institutions, including a national earthquake engineering research center to help move
forward the field of lifeline earthquake engineering. In 1985, the Federal Emergency Management
Agency (FEMA) commissioned the Building Seismic Safety Council (BSSC) of the National Institute of
Building Sciences (NIBS) to develop a plan for abating seismic hazards to lifeline infrastructure systems,
and concluded that abating the risk to lifeline infrastructure systems from earthquakes and other hazards
could be best approached by a nationally coordinated and structured program. The NEHRP Re-
authorization Act of 1990 required FEMA (with support of NIST) to establish a detailed plan for
developing and adopting seismic design standards for lifeline infrastructure systems. Leveraging the
knowledge and practice of lifeline earthquake engineering developed over the two decades after the San
Fernando Earthquake, FEMA and NIST developed the plan, focusing on improving system-level
functionality of lifeline infrastructure systems. Following some of the recommendations in the plan,
FEMA funded the American Lifelines Alliance (ALA) in 1998, a public-private partnership first managed
by ASCE (1998 to 2001) and later by the Multi-hazard Mitigation Council of NIBS (2002 to 2005), to
facilitate development, adoption, and implementation of design and retrofit guidelines to improve the
performance of lifeline infrastructure systems in the event of natural hazards. Following the terrorist
attacks on September 11, 2001, the scope of ALA was expanded to included man-made threats. ALA
successfully created more than a dozen design and/or assessment guidelines related to electric power, oil,
natural gas, water, and wastewater systems before it dissolved in 2005, due to shifts in hazard priorities
and funding cuts in the NEHRP budget.

In 2008, the San Francisco Planning and Urban Research Association (SPUR) started a multi-year
initiative called The Resilient City (SPUR, 2009) to ensure that San Francisco will be able to recover
rapidly following earthquakes to meet social and economic needs of community members. From 2010 to
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2012, the State of Oregon and the State of Washington used the methodology of The Resilient City to
develop state-wide 50-year resilience plans to prepare for a future Cascadia Subduction Zone earthquake
and tsunami. During the same period, NEHRP agencies, the National Research Council, and Presidential
Policy Directive 21 called for improvement of buildings and lifeline infrastructure systems to achieve
community resilience. In 2012, NIST started to develop a 10-year research, development, and
implementation roadmap for producing new model earthquake-resilient design and construction standards
for key lifeline infrastructure systems and components (NIST, 2014). In 2013, NIST took a multi-hazard
approach to develop a community resilience planning guide for buildings and infrastructure systems
(NIST, 2015) so that communities across the nation can effectively prepare for, respond to, and recover
from natural, technological, and human-caused hazards. In 2018, Congress reauthorized NEHRP, with
new emphasis on functional recovery of the built environment to support community resilience. As part of
the reauthorization, FEMA and NIST jointly convened a Committee of Experts to develop options to
improve the built environment for post-earthquake functional recovery times and in 2021 submitted to
Congress the FEMA P-2090/NIST SP-1254 report, Recommended Options for Improving the Built
Environment for Post-Earthquake Reoccupancy and Functional Recovery Time (FEMA-NIST, 2021).

2.3.2  Past Research and Practice Needs Reports

Three existing reports that identify lifeline infrastructure systems research and practice needs, which had
already been completed before the start of this project, served as an ideal starting point for establishing
research and practice needs in the CEUS:

e NIST GCR 14-917-33, Earthquake-Resilient Lifelines: NEHRP Research, Development, and
Implementation Roadmap (2014)

o NIST GCR 16-917-39, Critical Assessment of Lifeline System Performance: Understanding Societal
Needs in Disaster Recovery (2016)

o FEMA P-2090/NIST SP-1254, Recommended Options for Improving the Built Environment for Post-
Earthquake Reoccupancy and Functional Recovery Time (2021)

These three reports (Figure 2-11) served as the basis of identification of issues and recommended projects
in the lifeline infrastructure topic area and are described in more detail in Section 5.1.
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Figure 2-11  Covers of three reports that describe research and practice needs for lifeline

infrastructure in the United States.
2.3.3 Past CEUS Studies

There have been limited seismic studies of lifeline infrastructure systems in the CEUS. In 1988, FEMA
funded ATC to complete a macroscopic investigation of seismic vulnerability and impact of disruption of
lifeline infrastructure systems at the national level to develop a better understanding of the impact of
disruption of lifeline infrastructure systems from earthquakes and assist in the identification and
prioritization of hazard mitigation measures and policies (FEMA, 1991). As part of this study, scenario
events were identified for three regions in the CEUS: M7.0 Cape Ann Earthquake for the Northeastern
Region, M7.5 Charleston Earthquake for Southeastern Region, and M7.0 and M8.0 New Madrid
Earthquakes for the Central Region. Based on seismic vulnerability of selected lifeline infrastructure
systems (electric power, water, gas and oil pipelines, highways and bridges, airports, railroads, and
emergency service facilities), direct damage and indirect economic losses were estimated. As the CEUS
did not have a significant history of lifeline infrastructure system seismic design for major earthquakes,
their seismic economic impact as summarized in the report was enormous. Between the late 1980s and
early 1990s, the National Center for Earthquake Engineering Research (NCEER) carried out many
projects to examine seismic performance and associated impact of energy distribution systems (oil and
natural gas), transportation system, and water supply systems in the CEUS. Key findings were
summarized in Lifeline Earthquake Engineering in the Central and Eastern U.S. (ASCE, 1992). In 2007,
FEMA funded the Mid-America Earthquake Center to complete a multi-phased study to understand the
impact of earthquakes on the eight-state region around the New Madrid Seismic Zone in the Central
United States (Elnashai et al., 2008). This study considered a total of ten scenarios associated with three
seismic zones: the New Madrid Seismic Zone, the Wabash Valley Seismic Zone, and the East Tennessee
Seismic Zone. It leveraged the best available inventory of essential facilities and critical lifeline
infrastructure systems (including multi-modal transportation system, electric power facilities, oil and
natural gas, communication, water treatment facilities, and dams and levees) to estimate direct damage
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and social and economic impact on the Central United States. The study found that earthquake impact on
the CEUS would likely be catastrophic, especially after a major earthquake on the New Madrid fault.
Damage to major natural gas and oil transmission lines would lead to service disruption as far away as
New England.
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Figure 2-12  Covers of three reports that present studies about seismic performance of lifeline
infrastructure systems in the CEUS.

24 Future Direction of Seismic Design

National model building codes, specifically seismic provisions, have historically been focused on
minimizing loss of life and life-threatening injuries, and protecting the public health and welfare.
Colloquially referred to as “life-safety provisions,” the basic aim of this philosophy is to allow the
building to remain standing and substantially intact during the earthquake and for long enough to allow
the occupants to evacuate. It has long been understood among the design community that buildings
designed to these life-safety provisions may sustain significant damage and even require demolition after
a design-level earthquake. Similarly, the development of guidelines and standards for the design of
lifeline infrastructure system components has also historically focused on life safety, but without regard to
impacts to customers from the loss of services at the system level. This limited focus can result in the
components protecting life and property but can also result in those components not being usable after an
earthquake, and even the loss of services from an entire lifeline infrastructure service after an earthquake.

In addition to showing the importance of safety performance of our existing built environment, recent
events such as the 2018 Alaska Earthquake (Hassan et al., 2021), the 2019-2020 Puerto Rico Earthquake
sequence (Wall, 2023), and the 2019 Ridgecrest Earthquake (EERI, 2020) have demonstrated substantial
direct and indirect economic losses and displaced peoples. These events have highlighted the need for
communities to consider what parts of the built environment should be designed for enhanced
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performance that goes beyond life-safety target levels. The resources and funding required in clean-up,
recovery, and reconstruction after these events are massive and may not be economically or socially
sustainable. Improved planning, design, construction, and management practices are being studied to
mitigate such losses. Following hazard events, the general populace looks to the authorities to ensure they
can survive the immediate aftermath, which requires shelter, water, and food at a minimum.
Subsequently, the general populace looks to professional design and construction communities to fully
restore the infrastructure to the more comfortable and operational state that is expected for everyday use.
For a community to recover, it is becoming more necessary for building codes to provide provisions and
lifeline infrastructure system design standards to consider the time period between the event and full
recovery to minimize long-term consequences to communities and society.

Functional recovery and resilience are terms coined to describe “beyond life-safety” goals. These
definitions describe the terms as they are used in this report:

¢ Functional recovery: “a post-earthquake performance state in which a building or lifeline
infrastructure system is maintained, or restored, to safely and adequately support the basic intended
functions associated with the pre-earthquake use or occupancy of a building, or the pre-earthquake
service level of a lifeline infrastructure system” (FEMA-NIST, 2021).

e Resilience: The capability of an organization or community to withstand, respond to, and recover
from an earthquake in order to return its livelihood to a measure of its pre-earthquake state in a
timely, nondisruptive manner, while also minimizing the consequences of a future hazard event.

While the concepts are generally agreed upon, specific definitions are highly variable and dependent upon
the individual or organization using these terms. This variability in expectations increases the level of
complexity that code and standards development committees face as they attempt to define and write
specific code provisions to achieve these enhanced performance goals.

A few jurisdictions in the WUS are beginning to address the functional recovery design concept. As WUS
engineers and jurisdictions take leadership roles in developing functional recovery-based seismic
provisions, CEUS engineers and jurisdictions have not been as involved. If the CEUS does not become
more involved, future provisions may not be reflective of the needs of the nation as a whole or applicable
across all jurisdictions.

Given that CEUS implementation of current life-safety seismic design provisions has lagged the WUS by
many years, a similar lag may also occur with functional recovery provisions. Unlike life-safety code
provisions that can be easily isolated to specific buildings or structures, true functional recovery of a
community is dependent on the performance of lifeline infrastructure elements, which may extend beyond
jurisdictional boundaries. The functional recovery of a lifeline infrastructure system is dependent upon the
return of basic services to all customers. As such, any lag in the CEUS implementation will have a direct
and immediate impact on operations in the WUS due to the interdependencies between regions (e.g.,
disruption of distribution systems or supplies).

Current initiatives to control damage to provide functional recovery of individual facilities or improved
community resilience are new concepts in the CEUS. The nature of the hazard curves and the built
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environment in the CEUS are both different from the WUS. Introduction of the new concepts to the
CEUS will require careful study and planning. As national model building codes and design standards
begin to look beyond life-safety goals toward functional recovery and community resilience, the regional
lag between the CEUS and the WUS in adoption, implementation, and enforcement of the most current
seismic code provisions and design standards will become even more impactful in the event of strong
carthquakes.

In this report, the consideration of seismic risk goes beyond total or partial collapse of a building and loss
of life or life-threatening injuries to building occupants or the public-at-large. This report looks ahead to
the future of seismic design to consider interruption of building function or agency mission, either short-
or long-term, and direct economic losses from damage to the building and/or its contents and indirect
losses by absence of provided services.
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Chapter 3

Topic Area: Hazard Characteristics
and Design Philosophies

This chapter provides an overview of current seismic practice issues in the CEUS within the topic area of
Hazard Characteristics and Design Philosophies. Issues addressed include seismic hazard curves (i.e.,
probabilities of exceeding certain levels of ground motions); design ground motions for safety and
enhanced performance objectives; and considerations related to geology, geotechnical conditions, and
climate. For each issue within the topic area, research, and practice-related projects to address the needs
are provided. General background information relevant to this topic area is provided in Chapter 2.

Each section in this chapter provides an overview of one issue. The recommended projects to address that
issue are provided in the same section. Table 3-1 lists the issues covered in this chapter. Table 6-3 lists all
issues and recommended projects covered in this chapter and includes the priority level of each project.

The motivation for addressing issues in this topic area includes better characterization of CEUS seismic
hazards and better recognition of these characteristics in the development of improved design
philosophies and provisions for the CEUS.

Table 3-1 Issues Covered in Chapter 3

Section Title

3.1 Insufficient Accuracy of Hazard Modelling

3.2 Design Motions for Seismic Safety Based on WUS Hazard

3.3 Insufficient Understanding of Site Characteristics

34 Sensitivity of Seismic Design Category Thresholds

3.5 Insufficient Understanding of Geohazard and Multi-Hazard Considerations

3.6 Need for CEUS Involvement in Development of Resilience and Functional Recovery-based Provisions

3.1 Insufficient Accuracy of Hazard Modelling

Less information is known about seismic hazards in the CEUS compared to the WUS because
carthquakes are less frequent and fewer events rupture the surface than in the WUS. The uncertainty
about faults, area sources, historical seismicity, and ground motions in the CEUS impact the accuracy of
seismic hazard modelling for the CEUS. Other areas requiring attention include induced seismicity, the
long-period transition period, Tr, maximum direction ground motion models, and uncertainty
approximation.
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To address this issue, hazard models for the CEUS should be improved by including induced seismicity

(Project 3.1-A), improving seismic source models (Project 3.1-B), improving ground motion models
(GMMs) (Project 3.1-C), developing CEUS-specific maximum direction factors (Project 3.1-D) and
long-period transition period (Project 3.1-E), and improving hazard uncertainty approximations (Project

3.1-F).

The envisioned impact of addressing this issue is that there will be a more accurate representation of the

seismic hazard in the CEUS and more effective application of the regional hazard in seismic design and

construction practices, leading to reduced seismic risk and increased resilience.

Project 3.1-A

Include Induced Seismicity in Long-Term Hazard Models

Description
Priority level

Key steps

Roles

Estimated time

Include induced seismicity in hazard models. Determine how to address induced seismicity in practice.

IMPORTANT] (1.7)

1. Investigate inclusion of induced earthquakes in short-term and long-term hazard models. Determine
if induced and long-term maps should be combined or used separately by engineering practitioners.

2. Perform outreach with jurisdictions affected by induced seismicity and other user bases, including
insurance industries.

3. Increase awareness of induced seismicity and disseminate relevant products and procedures. Study
what special wind regions have done in the past (region-specific seismic maps) on how to do
outreach and dissemination.

Government; University/Research Organizations; Code/Standard Organizations; Professional/Trade

Organizations; Industry

110 3 years

Project 3.1-B

Improve Seismic Source Modeling

Description

Priority level

Key steps

Roles
Estimated time

More accurately characterize seismic hazard by improving CEUS seismic sources to address unknowns
about faults, area sources and background seismicity. These efforts should be encouraged and
implementation of new findings in the USGS National Seismic Hazard Models (NSHM) must be supported
through future research.

CRITICAL] (2.5)

1. Coordinate with NRC (Nuclear Regulatory Commission) and Electric Power Research Institute
(EPRI) and other agencies/organizations that have developed previous seismic source models in the
CEUS to determine the shortcomings of such models.

Improve source characterization of historic large magnitude earthquakes.
Improve representation of background seismicity, de-clustering of the earthquake catalog, and
smoothing algorithms.

4. Implement findings the USGS NSHMs.

Government; University/Research Organizations

410 5 years
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Project 3.1-C

Improve Ground Motion Models

Description

Priority level

Key steps

Roles
Estimated time

Improve CEUS GMMs and logic tree weights for incorporation into the USGS NSHMs. Perform validation
studies and updates, incorporation of aleatory variability, and improvement of site effects.

(2.5)

1. Validate the current NGA-East models used by the USGS and NRC in hazard modeling. Investigate
the necessity of additional Seed GMMs as described by the USGS due to the shortcomings of the
NGA-East models.

2. Investigate inclusion of new GMMSs by independent researchers/modelers since NGA-East was
developed and quantify the sensitivity of the final hazard values to the addition of these GMMs.

3. Support studies on the quantification of epistemic uncertainty. (The current USGS approach of
assigning logic tree weights is subjective; more systematic approaches should be explored but need
additional research.)

4. Develop NGA-East2 non-Senior Seismic Hazard Analysis Committee (SSHAC) GMMs. (The SSHAC
process of NGA-East caused some restrictions including the site-effects model being developed
separately from the GMMs).

5. Develop CEUS-specific site effect models simultaneously.

Government; University/Research Organizations

1to 3 years

Project 3.1-D

Develop and Implement Maximum Direction Factors

Description

Priority level

Key steps

Roles
Estimated time

Develop and implement CEUS-specific maximum direction factors for use in developing CEUS ground
motions for design. Some models have been developed but are not yet implemented in building codes,
which still use WUS-specific max direction factors.

(19)

1. Implement the existing CEUS-specific models in hazard calculations.

2. Engage with codes and standards organizations to update policy and guidelines on max direction
factors for the CEUS.

3. Investigate the appropriateness of RotD100 for various structure types common to the CEUS but not
the WUS.

4.  Encourage development of more max direction models that are specific to CEUS for epistemic
uncertainty and if more data becomes available.

Government; Code/Standard Organizations; University/Research Organizations

Less than 1 year
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Project 3.1-E

Update the Long-Period Transition Period T, and Displacement Spectrum

Description

Priority level

Key steps

Roles
Estimated time

Update the long-period transition period, T, for CEUS and replace the outdated T. maps in building
codes. This parameter will be important in investigating the relations between the displacement spectrum
and the new Multi-Period Response Spectra (MPRS) concept.

IMPORTANT | (1.9)
1. Update the TL maps in building codes.
2. Investigate development of displacement spectrum and relations with MPRS.

University/Research Organizations; Government; Code/Standard Organizations
Less than 1 year

Project 3.1-F

Improve Hazard Uncertainty Estimation

Description

Priority level

Key steps

Roles
Estimated time

Investigate the appropriateness of mean hazard and whether other percentiles of hazard should be
considered in practice. Uncertainty approximation is critical in the CEUS given the many unknowns that
exist in the estimation of hazard. The effects of uncertainties in source models and ground motion models
on the mean hazard estimate may be small, but they become significant if hazard uncertainty is
considered by code officials.

(1)

1. Investigate the appropriateness of mean hazard and the effects of uncertainty on the full distribution
of hazard.
2. Reach out to code officials to consider other percentiles of hazard in addition to the mean.

University/Research Organizations; Government; Code/Standard Organizations
4 to 5 years

3.2  Design Motions for Seismic Safety Based on WUS Hazard

The nominal level of safety level set as a target by codes across the nation for seismic hazards is

fundamentally based upon experience in high seismicity regions of the WUS. When compared with safety

levels for wind and other environmental hazards, the stated reliability targets are much lower for seismic

than for wind. In large measure this discrepancy exists because the cost of equivalent performance

becomes unbearable in areas with very high seismic hazards. There is some reason to believe that the

public in such areas accepts the higher risk of collapse in earthquakes, in comparison to other structural

risks. Many portions of the CEUS, especially many densely populated urban areas, have a relatively low
seismic hazard, and the proposition that the public there would accept higher risk of unsafe performance
from earthquake than from windstorm has not been validated. Recent research findings showing that
designs satisfying current codes provide less reliability than the code target where the ground motions are
very high might imply that designs by current codes perform better than the target where the ground
motions are low. While many parts of the CEUS are resistant to increases in construction cost due to
government regulation, there is also limited evidence that cost increases to design for moderate levels of
seismic hazard are not large, and there may be reasons that cost increases for higher design requirements
in low hazard areas will be minimal. A related issue is that the generic structural fragility relation used to
develop the design ground motions is based upon structural systems common in the high hazard portions
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of the WUS, and there is a greater variety of low performance systems in the CEUS. Another related issue
is the nature of the seismic hazard in the CEUS: the design requirements in current codes truncate the
acceleration level for short period structures much more significantly than in the WUS.

To address this issue, research should be conducted to establish structural fragility relations appropriate
for the range of construction and the range of ground motions found in the CEUS and to assess the effect
differing fragility relations on ground motions for various risk levels (Project 3.2-A); applied research
should be conducted to establish cost impacts for increasing the seismic resistance of various structural
types at low hazard levels (Project 3.2-B); applied research should be conducted to determine the
vulnerability of short period structures (Project 3.2-C); research should be conducted to quantify the
effects of density of construction and population on the consequences of damage from strong ground
shaking (Project 3.2-D); applied research should be conducted to develop reliability targeted ground
motions for existing structures (Project 3.2-D/E), and applied research should be conducted to test
methods of modifications to design codes to account for such effects.

The envisioned impact of addressing this issue is that seismic safety will be more closely aligned with
structural safety from other natural hazards and with public expectations, along with a more rational
expenditure of resources.

Project 3.2-A  Examine Seismic Structural Fragility Relations

Description Examine the current generic fragility relation used in the development of the risk-targeted maximum
considered earthquake (MCEr) ground motions to see if they are appropriate for the types of construction
commonly found in the CEUS and for the levels of ground motion found in the CEUS, especially in areas
with low to moderate seismic hazards. Use the improved fragility relations to develop revised MCEr
ground motions for multiple risk levels for selected CEUS locations and compare with current ground
motions in current codes.

Priority level CRITICAL | (2.5)

Key steps 1. Derive statistics for types of construction expected for the future in the CEUS.

2. Test a selection of such types for conformance to the generic fragility relation currently used for
development of MCERr ground motions, considering ground motion records considered typical for the
CEUS.

3. Develop improved relations where so indicated. Use improved relations to develop revised MCEr
motions at several selected reliability targets, including reliability targets that vary with the amplitude
of the predicted ground motion.

Roles Government; University/Research Organizations; Professional/Trade Organizations
Estimated time 1to 3 years
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Project 3.2-B

Perform Cost and Benefit Studies

Description

Priority level

Key steps

Roles
Estimated time

Develop a methodology to fairly examine costs and benefits of changes in seismic design levels; apply the
methodology for a selected set of structural types in selected CEUS locations to illustrate the effects of
potential changes in to align seismic risk levels in low and moderate hazard areas with risks presented by
other hazards.

(2.5)

1. Convene a working group of stakeholders to define the scope of the methodology. (The NIST Applied
Economics Office would be a likely candidate for development of a cost methodology. Benefit
analysis methodology will require a broad oversight panel. Different stakeholders will have different
opinions on how to weigh benefits.)

2. Focus on methods to solicit input, to vet, and to promote acceptance of the methodology. (lllustrative
test applications will be essential for success.)

Government; University/Research Organizations; Professional/Trade Organizations

1to 3 years

Project 3.2-C

Determine Vulnerability of Short Period Structures

Description

Priority level

Key steps

Roles
Estimated time

Determine vulnerability of short period (low rise and stiff) structures in CEUS, making use of ground
motions with frequency contents expected in the CEUS. Uniform hazard response spectra for the CEUS
typically have a different shape than those in the WUS. The design requirements truncate predicted high
response accelerations at periods below 0.2 seconds. This truncation, which is much more significant for
the CEUS than the WUS was made without a substantial analytical basis, and better tools for such
analysis are available today. Recent research on short period structures in high hazard areas of the WUS
demonstrated that improved nonlinear response analysis predicted results in line with empirical
observations, but that study was based upon ground motion records from the FEMA P-695, Quantification
of Building Seismic Performance Factors (FEMA, 2009), which are appropriate for the WUS, but do not
capture the short period amplifications seen in the CEUS GMMs.

(2.5)

1. Develop representative set of ground motions to realistically represent expected CEUS ground
motions that develop peak response accelerations at periods less than 0.2 seconds.

2. Develop representative set of building archetypes characteristic of very short period CEUS
structures, including structural types thought to be relatively brittle and test using the FEMA P-695
methodology, but with the alternative ground motions developed in step 1 and for varying levels of
ground motion.

3. Develop alternative designs based upon deformability (e.g., upgrade from ordinary to intermediate
detailing) and develop criteria that will deliver desired and expected performance.

Government; University/Research Organizations; Professional/Trade Organizations

110 3 years
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Project 3.2-D

Consider Density of Built Environment

Description

Priority level

Key steps

Roles
Estimated time

Develop methods and models to predict performance with an emphasis on life safety of dense clusters of
buildings and infrastructure and examine the costs and benefits of requiring differing levels of seismic
performance depending on the density.

IMPORTANT | (2.0)

1. Using current research on community resilience as a base, study the effects on life safety of potential
cascading failures (emergency response and rescue as well as collapse prevention) of densely built
clusters. Include representative essential facilities.

2. Study the effects, both cost and benefit, of raising the required resistance of such densely built
clusters.

Government; University/Research Organizations; Professional/Trade Organizations.

110 3 years

Project 3.2-E

Develop Reliability Targets for Existing Structures

Description

Priority level

Key steps

Roles
Estimated time

Study the feasibility of developing reliability targeted ground motions for evaluation and rehabilitation of
existing structures. This will require structural fragility relation appropriate for existing construction in the
CEUS, and therefore is related to Project 3.2-A.

IMPORTANT | (2.4)

1. Extend seismic structural fragility relations to capture typical existing structures in the CEUS, as well
as commonly used rehabilitation techniques.

2. Study how seismic risk targets compare to other hazards in the CEUS. Make recommendations for
revision based on the results.

3. Study different risk targets for different ground motions for existing buildings. For example, may
protect against a moderate event, but use a lower threshold.

4.  Determine risk targets directly relevant to existing buildings for representative sample of CEUS
locations.

5. Study alternative reliability targets that vary with the level of seismic hazard.

Government; University/Research Organizations; Professional/Trade Organizations
1to 3 years

3.3  Insufficient Understanding of Site Characteristics

Site characteristics in the CEUS are fundamentally different from the WUS and not well understood.

CEUS-specific site amplifications have been implemented in the USGS hazard models, but the approach

is relatively simple. There is room for improvement in research and implementation. USGS NSHMs only

consider shaking hazards from earthquakes, but there are other kinds of hazard such as liquefaction and

lateral spreading that present potential risks from earthquakes in the CEUS, for which there has been

insufficient research to date. It remains to be determined if the current site parameters in building codes

such as Vg are appropriate for the CEUS and to develop more region-specific models in the CEUS.
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To address this issue, hazard models in the CEUS should be improved by updating the site-specific

analysis parameters (Project 3.3-A) and developing guidelines for site-specific response analysis
guidelines (Project 3.3-B).

The envisioned impact of addressing this issue is that a more accurate representation of hazard in the

CEUS would provide a more effective application of the regional hazard in seismic design and

construction practices.

Project 3.3-A

Determine Site Response Analysis Parameters

Description

Priority level

Key steps

Roles

Estimated time

Determine the site response analysis parameters for the CEUS and complexity of site response analysis
in this region. Vsso has been the main parameter used for site response analysis in California and is
effective in the WUS. The effects of Vs3o on site response in CEUS are important, yet the Vs3o parameter is
less impactful in CEUS compared to WUS. Other factors have been proposed as affecting CEUS site
response such as depth to a geologic contact (Boyd, 2020) and site frequency.

(22)

1. Conduct research to evaluate depth effects on site response that are consistent with the way the Vs3o
effects were considered (non-reference site approach) so that the depth-effect models are
compatible with GMMs.

2. Evaluate site frequency effects on site response. Develop models that can accommodate one or
more of these parameters, including nonlinear effects.

3. Investigate the site-to-site uncertainty that accompanies site response modeling with different
numbers of site parameters.

Government; University/ Research Organizations; Code/Standard Organizations; Professional/Trade

Organizations; Industry

110 3 years

Project 3.3-B

Develop Guidelines for Site-Specific Response Analysis

Description
Priority level

Key steps

Roles
Estimated time

Develop guidelines for site-specific response analysis.

(23)

1. Determine how engineers are doing the site response analysis in the CEUS when it is required (e.g.,
according to building code, performing site specific procedures) and when it is being done to achieve
a lower seismic design category (SDC).

2. Develop site-specific guidelines specific to the CEUS to improve hazard and reach a relatively
uniform level of safety in design of structures in the region.

Government; Code/Standard Organizations; Professional/trade Organizations; Industry

110 3 years

34 Sensitivity of Seismic Design Category Thresholds

Seismic Design Categories (SDC) and associated design rules are not well-tailored for a variety of

hazards and risks in the CEUS because they were designed for the WUS. SDCs impose requirements that

can affect both cost and performance for the structures and nonstructural elements. The dependence on
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site conditions means that there can be many SDCs in a single city. Changes in design hazards from one
edition of national standards to another have resulted in the SDC for a given site changing repeatedly. The
dependence on risk category in the lower hazard areas is inconsistent with high hazard areas. All these
factors disproportionally affect the CEUS. The practice of soliciting opinions from geotechnical
consultants about site classification with the objective of finding a lower SDC is more common in the
CEUS than WUS because of the lower levels of seismicity.

To address this issue, research should be conducted to quantify performance and cost differences (Project
3.4-A), current thresholds should be reviewed (Project 3.4-B), and standardization efforts should be
undertaken to make the seismic requirements rely more on scalable quantities and less on step functions
(Project 3.4-C).

The envisioned impact of addressing this issue will be less resistance to adoption of the most current
standards and codes, fewer instances of “shopping” for a geotechnical site evaluation that promises a
lower SDC, and improvements in both performance and efficiency.

Project 3.4-A  Assess Cost of Seismic Design Category Requirements in CEUS

Description Conduct an economic analysis to quantify real changes in the cost of design and construction of buildings
and their nonstructural elements created by a shift in SDC without a change in the level of ground motion
demand. The analysis should be broad enough to capture changes from SDC Ato B, Bto C, and Cto D
across a representative sample of cities in the CEUS.
Note: the study could be broadened to include various types of lifeline structures.

Priority level IMPORTANT |(2.0)

Key steps 1. Convene a panel of engineers, construction cost experts, and economists to define the scope of
locations, structure types, and site conditions to be included in the study. The scope must cover the
significant step function requirements imposed because of SDC.

Compile cost data from real projects.
Prepare conceptual designs and cost estimates for selected prototypical structures and compare with
Step 2. Reconcile any differences. Expand to cover the necessary categories of change (i.e., from
SDC Ato B, Bto C, C to D for the defined occupancies, building and structure types, and CEUS
regions).
4. Prepare economic summaries useful for defining the cost of SDC steps for various regions of the
CEUS and for common building occupancies and structural types.
5. Disseminate the results.
Roles Government; University/Research Organizations; Professional/Trade Organizations
Estimated time 110 3 years
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Project 3.4-B

Review Thresholds for Seismic Design Categories

Description

Priority level

Key steps

Roles

Estimated time

Conduct a study to compare and contrast how SDC is assigned for buildings, bridges, and other lifelines,
to evaluate the manner in which site response effects are considered in that process.

(26)

1. Assemble a team to decide how many lifeline standards should be included.

2. Summarize and compare the categories used for general buildings (International Building Code),
small residential buildings (International Residential Code), bridges (AASHTO, AREMA), water,
sanitary, and storm water systems, electrical power systems, natural gas systems, raw and refined
petroleum systems, and other lifeline systems as appropriate.

3. Summarize and compare the parameters used to define the category boundaries, including ground
motions, site characteristics and effects, risk, or importance categories

University/Research Organizations; Code/Standard Organizations; Professional/Trade Organizations;

Industry

Less than 1 year

Project 3.4-C

Improve Seismic Design Categories

Description

Priority level

Key steps

Roles

Estimated time

Improve SDC to be better correlated with actual demand and performance and to reduce the stepwise
features of the current standard.

CRITICAL] (2.5)

1. Compile available empirical and controlled test data on performance of structures. Make use of
FEMA P-58, Development of Next Generation Performance-Based Seismic Design Procedures for
New and Existing Buildings (FEMA, 2018), to supplement, as necessary. Correlate with ground
motion and site response parameters available in standard procedures for design.

2. Evaluate decoupling step functions inherent in existing application of SDCs to make each
requirement dependent on the measure of demand best correlated to desired performance
associated with that particular requirement.

3. Evaluate simplification by possibly reducing the number of SDCs.

4.  Compile alternative recommendations, convene a workshop to vet.

Government; University/Research Organizations; Code/Standard Organizations; Professional/Trade

Organizations; Industry

410 5 years

3.5 Insufficient Understanding of Geohazard and Multi-Hazard Considerations

There are environmental, geological, and multi-hazard considerations in CEUS that differ from the WUS.

These considerations are not well understood and require study.

To address this issue, research should be conducted to better understand, within the CEUS context, the

effect of environmental changes such as flooding, hurricanes, and climate change on earthquake hazard

(Project 3.5-A), wave propagation demands on pipelines (Project 3.5-B), liquefaction characteristics

(Project 3.5-C), and multi-hazard and compounding events (Project 3.5-E). A CEUS geophysical
database should also be compiled (Project 3.5-D).
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The envisioned impact of addressing this issue is that a more accurate representation of hazard in the

CEUS would provide a more effective application of the regional hazard in seismic design and

construction practices, leading to reduced seismic risk and increased resilience.

Project 3.5-A

Study Impact of Environmental Changes on Earthquake Hazard

Description

Priority level

Key steps

Roles

Estimated time

Investigate how environmental changes such as flooding, hurricanes, and climate change impact soil
properties and site response. Climate change, hurricanes, and flood events could impact water tables and
site response. As other hazards increase due to climate change, earthquake safety is potentially affected.
For example, it should be considered if and how hazards such as flooding or long-term effects of climate
change impact the soil properties that control site response or earthquake probabilities.

IMPORTANT] (1.7)

1. ldentify the relevant environmental changes.

2. Assess their potential impact on earthquake hazard (e.g., on soil properties controlling site
response).

3. Assess their impact on earthquake probabilities and shaking intensity.

Government; Code/Standard Organizations; Professional/Trade Organizations; Industry

110 3 years

Project 3.5-B

Study Wave Propagation Demands on Pipelines

Description

Priority level

Key steps

Roles
Estimated time

Investigate the strain demands imposed on pipelines by ground shaking for laterally varying CEUS
conditions given the frequency content of surface waves from hazard-controlling events. Determine if
surface waves moving across strong contrasts in laterally varying subsurface properties can generate
large strains and failure in subsurface infrastructure. Distributed lifelines systems are vulnerable to
disruption when they experience seismic ground strains. Those strains can come from a variety of
sources, including ground motions, fault rupture, and ground failure (liquefaction, landslides). Note: This
project does not include ground failure.

[IMPORTANT] (1.8)

1. Establish a team of experts on distributed lifelines and site response.

2. Investigate the strain demands imposed on pipelines for laterally varying CEUS site conditions.

3. Make recommendations on ground motion demands for pipelines and other similarly distributed
infrastructure.

Government; Code/Standard Organizations; Professional/Trade Organizations; Industry

110 3 years
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Project 3.5-C

Develop CEUS Liquefaction Guidelines and Maps

Description

Priority level

Key steps

Roles
Estimated time

Identify how the Next Generation Liquefaction (NGL) database and models should be adapted to better
characterize liquefaction characteristics in the CEUS. Based on these findings, as well as geospatial
liquefaction models in literature and that are being developed in NGL, develop liquefaction vulnerability
maps across CEUS to identify areas where liquefaction is possible and detailed studies would be justified
to evaluate site-specific hazards. There are unique geological conditions in the CEUS that make the
liquefaction problem different from California. Among these is the common occurrence of residual soils
that can have pronounced aging effects that increase liquefaction resistance.

(23)

1. Identify areas in the CEUS vulnerable to liquefaction.

2. Define conditions unique to the CEUS related to liquefaction.

3. Develop liquefaction maps for CEUS.

4. Develop consistent and uniform guidelines for CEUS liquefaction analysis.
Government; Code/Standard Organizations; Professional/Trade Organizations; Industry
110 3 years

Project 3.5-D

Compile CEUS Geophysical Database

Description

Priority level

Key steps

Roles
Estimated time

Compile the existing CEUS geophysical database. Shear-wave velocity profiles and additional subsurface
geophysical information are available for CEUS locations and need to be compiled. The lack of
accessibility of site information needed for site response studies is a major impediment to progress in site
response and other topics in CEUS. In NGA-East, only a very small fraction of ground motion recording
sites had Vs30 values developed from site-specific measurements.

IMPORTANT | (2.4)

1. Form a project to add Vs data and horizontal-to-vertical spectral ratio (HVSR) data to the Vs profile
database (https://www.vspdb.org), which is now mainly populated with data from California sites.

2. Start by collecting reliable data from public sources like building departments and departments of
transportation.

3. Assess the needs for further site characterization work at priority sites, such as ground motion
stations with earthquake recordings.

4.  Support exploration programs to develop site characterization data for such sites.

Government; Code/Standard Organizations; Professional/Trade Organizations; Industry

110 3 years
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Project 3.5-E  Identify Multi-Hazard and Compounding Event Types

Description Identify multi-hazards and compounding events unique to CEUS. CEUS has a broad spectrum of
seasonal weather and environmental conditions that can impact seismic resilience. An example is freeze
events following seismic events that could mean that shelter and maintenance of habitability will be more
critical than in more moderate temperature seasons. These other environmental issues can exacerbate
post-earthquake recovery (e.g., temporary housing options become more difficult when dealing with cold

weather or snow).
Priority level IMPORTANT | (2.2)
Key steps 1. Identify multi-hazards and compounding events unique to CEUS.

2. Understand the perspective of various communities regarding resilience (e.g., outages) due to one
hazard and multiple hazards. For example, consider what a community is willing to pay for resilience
from one hazard versus multi-hazards.

3. Work on resolving specific problems identified in previous steps.

Roles Government; Code/Standard Organizations; Professional/Trade Organizations; Industry
Estimated time 4 to 5 years

3.6 Need for CEUS Involvement in Development of Resilience and Functional
Recovery-based Provisions

Knowledge of what seismic resilience is and how it can be developed is an emerging field. Current
development is mostly based on WUS seismic conditions and expectations, and much of that has made
use of the design earthquake ground motion defined in ASCE/SEI 7, Minimum Design Loads and
Associated Criteria for Buildings and Other Structures (ASCE, 2022). Communities in the CEUS that are
working on resilience are typically more focused on flood and wind hazards, rather than seismic. The
difference in the nature of the seismic hazard in the CEUS means that the mean return interval for the
ASCE/SEI 7 design earthquake in the CEUS is typically a much longer time that in the WUS, and that
fact will reduce the appetite for developing seismic resilience in the CEUS, because it will be more
difficult to show a reasonable balance of current costs with the present value of future losses avoided.

The issue of resilience is complex, and the optimum balance of costs against benefits for protection of a
community system need not be based on the same level of ground motion for all the elements of the
system. Advancement of seismic resilience in the CEUS will require methods that recognize the
characteristics of the built environment and the seismic hazard in the CEUS as well as integration with
and capitalization on efforts to provide resilience against other hazards, which are sometimes more
pressing concerns. Efforts to develop new seismic code provisions should be planned with substantial
participation from the CEUS. Additional focused research and outreach is required within the CEUS to
inform development of actionable functional recovery code provisions and incorporate them into
adoptable and enforceable building code formats. In the CEUS context, addressing functional recovery in
terms of multi-hazard risks and benefits will likely result in more productive discussions and would be
better received than focusing discussions only on one specific hazard (e.g., earthquake). Stakeholders in
the CEUS are interested in participating in functional recovery discussions and development of the
provisions. If the provisions are applicable to and inclusive of CEUS, they are more likely to be adopted
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and enforced in the future. In the CEUS context, addressing functional recovery in terms of multi-hazard
risks and benefits will result in more productive discussions and would be better received than focusing
discussions only on one specific hazard (e.g., earthquake).

To address this issue, an integrated system of classification of seismic performance levels that captures
the importance of elements and structures to the resilience of a system as a whole should be developed
(Project 3.6-A). Research should be conducted to develop seismic damage fragilities, as opposed to
collapse fragilities, for integrated systems of buildings and lifelines that are based on the CEUS built
environment (Project 3.6-B); risk-targeted strategies should be developed for both new construction and
for assessment of existing conditions (Project 3.6-C); measures that simultaneously improve resilience for
multiple hazards should be developed (Project 3.6-E); CEUS stakeholders should be surveyed and
encourage to participate in the development of provisions for seismic resilience (Project 3.6-F), and
tentative provisions for the CEUS should be developed (Project 3.6-D/F/G).

The envisioned impact of addressing this issue is that seismic resilience will be improved across the
United States, rather than being ignored in wide portions of the CEUS, even where the density of
construction creates significant vulnerability from even moderate earthquakes. Ensuring that the CEUS is
well represented across the board in functional recovery discussions will build regional support for the
resulting provisions when it is time to adopt and enforce new ideas. Input on preferred and workable
concepts that may be specific to the CEUS will provide invaluable information in the development of the
functional recovery provisions that will minimize if not eliminate a future lag on CEUS adoption and
enforcement, similar to the current state of life-safety code provisions. Conscious, explicit, and highly
visible outreach to the CEUS will avoid the perception that new functional recovery provisions are WUS
requirement being imposed on the CEUS by engineers in the WUS and thus preempt many of the
common objections voiced against life-safety seismic code provisions in the CEUS.
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Project 3.6-A

Develop Integrated Seismic Performance Classification System

Description

Priority level
Key steps

Roles
Estimated time

Develop a way to quantify and compare performance of the elements of complex systems, especially in
terms of the effect of damage or loss of an element to function on the system as a whole. The end goal of
a unified classification system is probably a very long-term series of projects, but this project will develop
key pieces applicable in the CEUS by building on seismic limit state definitions present in standards for
new and existing buildings (ASCE/SEI 7 and ASCE/SEI 41), in evaluation methodologies for buildings,
such as the FEMA P-58 methodology, and for additional infrastructure elements in various design
standards (e.g., AASHTO, API 650), and the INCORE platform under development at the NIST-sponsored
Center of Excellence for Risk-Based Community Resilience Planning. The objective is an integrated
system of classification of seismic performance levels that captures the importance of elements and
structures to the resilience of a system as a whole.

(20)

1. Collect limit state performance definitions from available standards, codes, guidelines and
methodologies for buildings and lifeline systems.

2. Compare and contrast the available information and select one or more sets. Combine the set(s) with
available seismic damage fragility relations to represent one (or more) hypothetical CEUS community
subject to multiple hazards.

3. Select a few scenario seismic events at different hazard levels and compute the response of the
overall system; include at least one where the seismic event occurs during cold or hot weather in
which survival and recovery of function is more complex than in benign weather.

Develop a potential ranking of performance needs for the various elements of lifelines and buildings.
Convene a workshop to vet the potential ranking and recommend improvements for eventual
development of a performance classification system.

6. Update as better fragility relations are developed and as performance objectives are clarified based
upon cost and benefit studies.

Government; University/Research Organizations; Professional/Trade Organizations

More than 5 years
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Project 3.6-B  Develop Seismic Damage Fragility Relations

Description Build on seismic damage fragilities for buildings and building elements present in the FEMA P-58
methodology and ASCE/SEI 41 plus those for additional infrastructure elements in the INCORE platform
under development at the NIST-sponsored Center of Excellence for Risk-Based Community Resilience
Planning to achieve a comprehensive set of relations that cover the variety of types and densities of
construction common in the CEUS.

Priority level (2.6)

Key steps 1. Develop a reasonable inventory of seismic damage fragility relations for use in CEUS risk

assessment, for buildings and lifelines.

2. Compile available experimental/field/simulation data to establish a database documenting seismic
behavior and limit state progression.

3. Identify critical knowledge gaps that need to be filled with additional experiments and simulations

4. Conduct targeted projects to fill identified knowledge gaps.

5. Use the expanded database of structural behavior and limit states to develop damage state relations.

Roles Government; University/Research Organizations; Professional/Trade Organizations

Estimated time 110 3 years

Project 3.6-C  Define Seismic Performance Expectations for Resilience

Description Extend the study of costs and benefits defined in a related study for minimum safety levels in the CEUS
(Project 3.2-B) to define costs and benefits for protection against more frequent ground shaking than used
as a basis for life-safety provisions in building codes. The objective is to define a suite of levels of ground
motion for damage control than can be used in conjunction with the varying performance objectives for
buildings and lifelines to establish design criteria that are compatible with the nature of CEUS seismic
hazards, buildings, and infrastructure. The current definition of a design earthquake ground motion used
for control damage as two-thirds of the motion used for the collapse prevention limit state results in a wide
variety of mean return intervals for that ground motion across the United States, typically being higher in
the CEUS than in the WUS. This project is a key step in achieving design ground motions that will deliver
a consistent reliability target for resilient performance. It is not expected that the mean recurrence interval
will be the for same different elements of the built environment nor for different locations.

Priority level (2.6)

Key steps 1. Evaluate alternative design criteria for resilience for effectiveness and economy. Alternative criteria

should include design for a damage limit state at: (a) a ground motion level tied to some fraction of
the risk-targeted MCEr level used for collapse prevention (the current ASCE/SEI 7 method); (b)
design for a damage limit state at a ground motion level tied to a constant mean recurrence interval
(similar to the existing building criteria in ASCE/SEI 41); and (c) design for a damage limit state at a
ground motion selected to deliver a specified reliability (e.g., a 10% chance of failure in 50 years).
Compare results and procedures in terms of ease of use, costs and benefits, and feasibility.
Convene workshops in various CEUS regions and focused on various sectors of the built
environment to vet the findings and recommendations and develop plans for future work.

Roles Government; University/Research Organizations; Professional/Trade Organizations

Estimated time 4 to 5 years
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Project 3.6-D Develop Tentative Provisions for Seismic Resilience in the CEUS

Description Bring together well vetted performance objectives and more complete and robust fragility relations,
together with cost and benefit studies, to develop a set of design, construction, operation, and quality
assurance provisions at the pre-standardization level that could deliver various levels of resilience to the
CEUS built environment.

Priority level (2.6)

Key steps 1. Following development and review of Projects 3.6-A, 3.6-B, and 3.6-C, assemble a team to refine
performance objectives and limit states, fragility relations, and hazard levels/performance
expectations. The project will need very broad participation, and very likely multiple workshops at
intermediate stages to develop something that will find acceptance and use in the CEUS.

2. Develop a graduated set of provisions for application to small and large systems, low to high seismic
hazard areas, and sparsely populated to dense urban environments. The end need is for a relatively
simple set of provisions for what is clearly a complex issue, and it would be expected that
communities that find the costs too high would elect to perform more detailed and specific studies to
focus the resources where the return is the highest.

Roles Government; University/Research Organizations; Code/Standard Organizations; Professional/Trade
Organizations; Industry

Estimated time 410 5 years

Project 3.6-E  Quantify the Benefits of a Multi-Hazard Approach to Functional Recovery

Description Develop a cost benefit study to quantify the collective benefits of seismic provisions that also improve
function/performance for other hazards (e.g., snow, wind, flood), in comparison with the selective benefits
of seismic provisions that only improve function/performance during a seismic event. The study should be
based on the current national model building code and life-safety provisions. Because functional recovery
provisions are in their infancy, a chapter in the study report could be focused on specific potential
functional recovery requirements and the anticipated benefits.

Priority level (2.8)

Key steps 1. Pull together a project team with in-depth knowledge of CEUS standard design and construction

practices, with familiarity of all common environmental hazard design and detailing requirements.
Identify common building archetypes that best represent CEUS practices.
Complete design drawings for each archetype.
4. ldentify hazard-specific (e.g., seismic, wind, snow) code requirements that only provide benefits for
that particular hazard.
5. Estimate cost of each design drawing set, breaking out the cost of requirements identified in Step 4.
6. Estimate the potential cost benefit of the proposed functional recovery provisions for each archetype.
7. Peer review/affirm results.
8. Develop and publish a report outlining the process, assumptions, procedures, and results.
9. Reference/share this report in code adoption and functional recovery discussions.

Roles Government; University/Research Organizations; Code/Standard Organizations; Professional/Trade
Organizations; Industry

Estimated time 110 3 years
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Project 3.6-F Determine Publication Methodology for Functional Recovery Provisions

Description Conduct a survey to identify the majority of regional preferences on where, how, and in what format
functional recovery provisions should be included as building code requirements. The survey should be all
inclusive and representative of multiple interest groups in addition to code enforcement officials, engineers
and architects, and municipal planners.

Priority level (2.0,2.3)

Key steps 1. Conduct a survey to determine a preference for one of the following:

a. Incorporate functional recovery provisions into the current codes (i.e., IBC, IRC), without explicit
delineation between life-safety and functional recovery. This may include revising current code
provisions to achieve functional recovery performance in lieu of adding new provisions.

b. Incorporate functional recovery provisions into the current codes (i.e., IBC, IRC), with explicit
delineation between life-safety and functional recovery. This may include creating a separate
functional recovery appendix/chapter, or explicitly identifying functional recovery requirements
separately from life-safety provisions.

c. Develop a separate code specifically for functional recovery that could be used in conjunction
with current codes. Current codes would provide life-safety requirements, the new code would
provide additional functional recovery requirements to improve performance and resiliency.

Group survey results by interest groups and identify the prevailing preference within each group.

Compare results between interest groups and assess the underlying cause/conflicts/point of view if

vastly different.

4. Share results with the survey participants for consideration and discussion. Hold a workshop to
discuss the preferences and attempt to identify a consensus.

5. Conduct a follow-up survey to see if any responses changed after the discussion.

6. Share results with committees and interest groups actively developing functional recovery provisions.

Roles Government; University/Research Organizations; Code/Standard Organizations; Professional/Trade
Organizations; Industry

Estimated time Less than 1 year
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Project 3.6-G

Develop Practical Functional Recovery Provisions for CEUS

Description

Priority level
Key steps

Roles

Estimated time

Evaluate if increasing the strength of a structure in the CEUS would be as effective and simpler than
increasing the ductility. Traditionally building performance has been improved by increasing the ductility of
structural systems through the use of special detailing. Although effective, this approach increases the
cost and complexity of the structure design and construction. Where seismic events occur fairly
frequently, the increased cost and complexity is justifiable and extends the life of the building. However,
for buildings that are expected to withstand only a smaller seismic event, alternate but simpler approaches
to achieving similar performance and continued function should be investigated.
(2.3)
1. Pull together a project team to develop and test alternate design and detailing concepts focused on
structural robustness in lieu of ductility.
Develop alternate concepts and vet ideas with material/design experts.
Test concepts for performance and vulnerabilities, including the effect of higher in-building floor
accelerations on nonstructural components and systems
4. Develop a report summarizing the results.
5. Collaborate with professional committees involved in code writing to develop proposed code
provisions.
Government; University/Research Organizations; Code/Standard Organizations; Professional/Trade
Organizations; Industry
4 to 5 years
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Chapter 4

Topic Area: Buildings

This chapter provides an overview of current seismic practice issues in the CEUS within the topic area of
Buildings, which addresses new building design; evaluation and retrofit of existing buildings; building
codes, standards, and guideline development; and building code adoption and implementation. For each
issue within the topic area, research and practice-related projects to address the needs are provided.
General background information relevant to this topic area is provided in Chapter 2.

Each section in this chapter provides an overview of one issue. The recommended projects to address that
issue are provided in the same section. Table 4-1 lists the issues covered in this chapter. Table 6-4 lists all
issues and recommended projects covered in this chapter and includes the priority level of each project.

The motivation for addressing issues in this topic area is that there would be more effective application of
regional hazard in CEUS seismic design and construction practice, leading to reduced seismic risk and
increased resilience. Seismic provisions would be more consistently adopted and enforced in the CEUS.

Table 4-1 Buildings Issues Covered in Chapter 4

Section Title
4.1 Perception that ASCE/SEI 7 Standard is Complicated and/or Not Reflective
4.2 Perception that Seismic Design is Expensive
4.3 Lack of Access to Training Resources for Engineers
4.4 Unknown Impact of Delegated Design on Seismic Performance
4.5 Lack of Building Stock Inventory Data
4.6 Lack of Best Practices for CEUS-Specific Existing Building Characteristics
4.7 Perception that ASCE/SEI 41 Standard is Complicated and/or Not Reflective
4.8 Challenges in Adoption of Seismic Code Provisions
49 Challenges in Seismic Code Provision Enforcement
410 Large Amount of Building Stock Needing Seismic Retrofit

Several issues presented in Hazard Characteristics and Design Philosophies are also issues in their own
right within the Buildings topic area. To avoid duplication, those issues are presented only in Chapter 3.
Specifically, these three issues overlap topic areas:
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e Design Motions for Seismic Safety Based on WUS Hazard (Section 3.2)
e Sensitivity of Seismic Design Category Thresholds (Section 3.4)

e Need for CEUS Involvement in Development of Resilience and Functional Recovery-based
Provisions (Section 3.6).

4.1  Perception that ASCE/SEI 7 Standard is Complicated and/or Not Reflective

There is the perception in the CEUS that the seismic provisions in ASCE/SEI 7 Standard, Minimum
Design Loads and Associated Criteria for Buildings and Other Structures (ASCE, 2022), are too
complicated for the design of buildings in lower seismic design categories (SDC) and that a simplified
approach would encourage the inclusion of seismic design as part of the overall structural design of these
structures. There is also a perception that ASCE/SEI 7 seismic provisions do not adequately reflect some
building systems and features that are common in the CEUS, because they were based on WUS building
types, construction techniques, and practicalities.

To address the issue, CEUS structural engineers should be surveyed on the shortcomings of ASCE/SEI 7
seismic provisions in CEUS applications, especially as they relate to complexity and representation of
common building characteristics (Project 4.1-A). If issues with complexity are substantiated, standard
developers should develop additional alternative simplified procedures that meet the needs to CEUS
engineers (Project 4.1-B). If missing CEUS building characteristics are identified, standard developers
should add those characteristics to the standard (Project 4.1-C). If the survey identified a specific issue
with overuse of “R=3" lateral load-resisting steel systems, standard developers should convene a working
group to address the concern (Project 4.1-D).

The envisioned impact of addressing this issue is that the ASCE/SEI 7 Standard will be reflective of
typical CEUS practice, better received by CEUS engineers, and more consistently applied in new building
design regardless of the region.
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Project 4.1-A

Conduct a Survey of Engineers about ASCE/SEI 7 Seismic Provisions

Description

Priority level

Key steps

Roles
Estimated time

Conduct a survey of engineers in the CEUS who design structures in regions of moderate or moderately
high seismicity about the ASCE/SEI 7 seismic provisions. Specifically, determine their perception of the
complexity of the ASCE/SEI 7 seismic provisions, what methods they currently use to mitigate the
complexity of the provisions, and if there are building systems and features that are common in the CEUS
that they feel are not adequately represented in the ASCE/SEI 7 seismic provisions. For example, pose
questions regarding: how the complexity of the seismic provisions does or does not inhibit their use on
relatively simple building projects; ask if engineers resort to using the “R=3" approach when design the
lateral load-resisting systems for steel building to avoid the more complicated requirements in ASCE/SEI 7
(and by reference in the AISC seismic provisions) for structural steel systems with higher R values; ask if
engineers know about and use the existing simplified seismic provisions in ASCE/SEI 7 Section 12.14 .

IMPORTANT |(2.0)

1. Identify areas of moderate and moderately high seismicity to focus on for survey.

2. Prepare a questionnaire to be sent to structural engineering professionals who practice in the areas
identified in Step 1.

3. Collect the questionnaire information and review the questions to determine if there is an issue with
the code complexity and if so, determine potential solutions.

Identify groups of representative structural engineers in the CEUS to focus on for survey.
Prepare a questionnaire to be sent to structural engineering professionals who practice in the areas
identified in Step 1.

6. Collect the questionnaire information and review the questions to determine what building systems
and/or features are commonly identified as not be adequately addressed by the current ASCE/SEI 7
seismic provisions.

Government; Code/Standard Organizations; Professional/Trade Organizations

110 3 years

Project 4.1-B

Develop Alternative Simplified Procedures

Description

Priority level

Key steps

Roles
Estimated time

If the survey developed in Project 4.1-A determines that the complexity of the current seismic provision is
an impediment for their use in the design of simple buildings, and the current simplified seismic design
criteria in ASCE/SEI 7-16, Section 12.14 is either not being used or is not applicable to many of the simple
building designs, convene a working group to develop new or modified simple seismic design criteria.

IMPORTANT |(2.0)

1. Review data from Project 4.1-A and determine if there is an issue with the complexity of the code.

2. If so, work with BSSC, ASCE, and other organizations to stand up a working group to further
examine the issue of simplified seismic design.

Government; Code/Standard Organizations; Professional/Trade Organizations

110 3 years
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Project 4.1-C

Add Missing Buildings Systems and Characteristics

Description

Priority level

Key steps

Roles
Estimated time

If Project 4.1-A determines that there are building systems and/or features that are commonly used in the
design of buildings in the CEUS that are not adequately addressed in the current ASCE/SEI 7 seismic
provisions, convene a working group to develop additional or modified code language to address identified
shortcomings.

(20)

1. Review data from Project 4.1-A and identify building systems and/or features commonly used in the
design of buildings in the CEUS that are not adequately addressed in the current ASCE/SEI 7
seismic provisions.

2. Work with BSSC, ASCE/SEI 7 Seismic Subcommittee, and other organizations to stand up a working
group to develop potential modifications to the provisions to address the issues.

Government; Code/Standard Organizations; Professional/Trade Organizations

110 3 years

Project 4.1-D

Review of Use of “R=3" Lateral Systems

Description

Priority level

Key steps

Roles
Estimated time

If the survey developed in Project 4.1-A determines that there are a large number of structural engineers
in the CEUS using “R=3" lateral load-resisting steel systems, even when that system may not be the most
appropriate option, convene a working group to examine if the continued inclusion of the “R=3" option in
higher seismic regions is appropriate.

IMPORTANT |(2.0)

1. Review data from Project 4.1-A and determine if there is an issue with the use (or misuse) of “R=3"
lateral load-resisting systems for steel buildings.

2. If so, work with BSSC, ASCE, AISC, and other organizations to stand up a working group to further
examine if changes should be made to how the “R=3" option may be utilized by designers.

Code/Standard Organizations; Professional/Trade Organizations

110 3 years

4.2 Perception that Seismic Design is Expensive

There is a perception in the CEUS that seismic design provisions make projects more expensive without

imparting equitable value. Except for a cost comparison study done in Memphis, Tennessee between the
1999 SBC and the 2009 IBC (NIST, 2013), there is little documentation that quantifies potential cost
increases based on new code provisions. The perceived increase in cost is attributed to: encouragement of

new and proprietary products which may also require specialized design; additional detailing and design

requirements imposed for higher SDCs; increasing or changing step function requirements as seismic

ground motion maps oscillate geographical locations between SDC B and C and SDC C to D (See Section
3.4); relative seismic hazard and likelihood of occurrence in the CEUS when compared with snow, wind,
or flood, and perception that requirements that are not readily applicable within CEUS standard practices.

To address the issue, cost-benefit studies should be conducted on CEUS building archetypes, including
common nonstructural elements, with a focus on the impact of changes in seismic design and detailing
provisions. Cost comparison studies should compare different code versions (Project 4.2-A) or impacts of
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different SDC requirements (Project 4.2-B) within the same code. The benefits of seismic provisions that

also improve performance for other hazards (e.g., snow, wind, flood) should be considered in comparison

with the selective benefits of seismic provisions that only improve performance during a seismic event.

The envisioned impact of addressing this issue is that credible cost and cost-benefit studies will provide

information to all parties when evaluating new building codes and inform decision making. Such studies

will inform municipalities of the anticipated impacts and benefits of new codes while providing guidance

to designers and developers on what impacts to expect on the projects and budgets.

Project 4.2-A

Study Cost Impact of Seismic Design Provisions

Description

Priority level

Key steps

Roles

Estimated time

Develop a cost comparison study for multiple CEUS building archetypes with typical nonstructural
elements to identify and substantiate cost increases/reductions between building code versions. The study
should be designed to separate out cost changes specifically due to changes in seismic provisions.

| MODERATELY IMPORTANT | (1.2)

1. Pull together a project team with in-depth knowledge of CEUS standard design and construction

practices, in addition to seismic specific code provisions.
2. I|dentify building archetypes and nonstructural elements that best represent CEUS practices.
3. Complete design documents for each code and archetype.
4. Estimate the cost of each design. Peer review and affirm the results.
5. Develop and publish a report outlining the process, assumptions, procedures, and results.
Government; University/Research Organizations; Code/Standard Organizations; Professional/Trade
Organizations; Industry
110 3 years

Project 4.2-B

Determine Cost Impact of SDC Step-functions in Seismic Design Provisions

Description

Priority level

Key steps

Roles

Estimated time

Develop a cost comparison study for multiple CEUS common building archetypes to identify and
substantiate anticipated cost increases/reductions as a result of seismic design and detailing requirements
between SDC B and C, and SDC C to D. Separate out costs due to seismic provisions.

| MODERATELY IMPORTANT | (1.2)

1. Pull together a project team with in-depth knowledge of CEUS standard design and construction

practices, in addition to seismic specific code provisions in both low and high SDCs.
2. |dentify common building archetypes that best represent CEUS practices. “Locate” the building
archetypes in different SDCs.
3. Complete design drawings for each code and building archetype in each SDC.
4. Estimate the cost of each design. Peer review/affirm results.
5. Develop and publish a report outlining the process, assumptions, procedures, and results.
Government; University/Research Organizations; Code/Standard Organizations; Professional/Trade
Organizations; Industry
110 3 years
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4.3 Lack of Access to Training Resources for Engineers

Seismic code provisions have become more complex and detailed, requiring a greater understanding by
the engineer of the underlying intent, need, and development of the provisions. Absent this understanding,
seismic code provisions may be incorrectly applied, overlooked, or even ignored by engineers. Engineers
are limited by available time and billable needs, and need access to training on seismic topics that can
speed up their learning. To further exacerbate knowledge requirements, newer technologies and systems
(e.g., solar, green roofs, tall mass timber structures) come with their own unique design considerations.
There is a need for comprehensive educational resources on seismic design provisions that engineers,
code officials, and others can readily access at a reasonable rate to apply the code provisions fully and
properly. Alternately, simplified seismic design provisions available for less complex buildings may be
unfamiliar or unknown and therefore remain unused by engineers. WUS client demand provides incentive
for engineers to delve into the seismic code provisions, including the underlying rationale and research
behind them, given the relatively frequent occurrence of seismic events. In contrast, with a low
occurrence of seismic events and limited resultant damage if any, client demand in the CEUS prioritizes
simplicity and cost savings over faithful compliance with the full complexity of seismic provisions.
Resources such as ASCE/SEI 41, Seismic Evaluation and Retrofit of Existing Buildings (ASCE, 2017),
and FEMA P-154, Rapid Visual Screening of Buildings for Potential Seismic Hazards (FEMA,
2015),were developed predominantly by WUS designers in response to frequent seismic events
necessitating evaluation, repair, and rehabilitation of buildings. With less frequent seismic events in the
CEUS, these resources are not as commonly used. As a result, CEUS designers are less conversant in the
full in-depth requirements of these resources, resulting in a hesitation to use them due to a lack of
knowledge and familiarity. There is a need for low cost comprehensive educational resources on seismic
design provisions that engineers, code officials, and others can readily access to fully and properly apply
the code provisions. Resources such as ASTM E2026 (seismic risk assessments) and E2557 (probable
maximum loss evaluations) were developed for specific financial industry requirements in response to a
need to assess the potential risk of a property in seismically active areas. Although these types of
resources appear simple to use, they require a depth of knowledge in seismic design requirements and
building vulnerabilities during seismic events, that will inform final evaluation results.

To address this issue, engineers and building officials should be surveyed about their present challenges
in seismic requirements (Project 4.3-A) and comprehensive CEUS-tailored educational resources on the
application and background behind seismic design provisions should be developed (Project 4.3-B). Such
material should be focused on the CEUS region to address provisions that seem obvious to WUS
designers but are infrequently used and thus more opaque to CEUS designers. Training about new
technologies should also be developed and disseminated at little or no cost (Project 4.3-C).

The envisioned impact of addressing this issue is that collective engineering knowledge about seismic
provisions will increase in the CEUS and facilitate compliance with code provisions. Further, the
increased understanding by CEUS engineers will prompt greater support of the design provisions among
the design community.
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Project 4.3-A

Conduct a Survey of Engineers and Building Officials about Seismic
Requirements

Description

Priority level

Key steps

Roles
Estimated time

Survey CEUS practicing engineers and code/building officials to identify specific seismic provision
requirements that are most frequently challenging to understand and/or implement.

IMPORTANT |(2.2)

1. Plan regional workshops of engineers to develop a list of specific seismic code provisions that are
challenging to understand and/or implement.
Prepare a survey for engineers to prioritize the seismic code provision list.
From the survey results, compile a master prioritization list of seismic code provisions identified by
engineers as needing/wanting additional education.

4. Begin development of educational materials on the specific seismic provisions identified by the
engineers.

Code/Standard Organizations; Professional/Trade Organizations; Industry

110 3 years

Project 4.3-B

Adapt Existing Guidelines and Training Materials

Description
Priority level

Key steps

Roles
Estimated time

Adapt existing guidelines and training materials (e.g., FEMA P-154) for the CEUS context.

(22)

1. Identify specific resources and gaps in currently available guideline and training material.

2. For each resource: Develop a training outline and circulate it among CEUS engineers for feedback
on appropriate knowledge levels and base assumptions.

3. Using the outline and feedback, develop training material on the selected resource.

4. Publish/advertise educational training material.

Code/Standard Organizations; Professional/Trade Organizations; Industry

4 to 5 years

Project 4.3-C

Provide Training to Engineers about New Technologies

Description

Priority level

Key steps

Roles
Estimated time

Develop focused education/training on newer technologies and systems (e.g., solar, green roofs, tall mass
timber structures) which come with their own unique design considerations.
| MODERATELY IMPORTANT | (1.3)

1. Develop focused educational materials on the seismic needs and considerations of specific newer

technologies and systems.
2. Note: this can be an education topic under Project 1.
Government; University/Research Organizations
Less than 1 year

4.4 Unknown Impact of Delegated Design on Seismic Performance

Use of delegated design in the CEUS is on the rise and may impact the quality of seismic design and

construction, especially where delegated design is used for critical elements of the lateral force-resisting
system such as connections and splices or other key elements (e.g., stairs, facades, equipment anchorage).
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To address this issue, a survey of CEUS structural engineers should be conducted to understand the

prevalence and impact of delegated design and its impact on construction in the CEUS (Project 4.4-A). If

the data suggest that delegated design is widely used for critical building elements in the CEUS, further

investigation by researchers and codes/standards committees should be undertaken to determine if there is

a potential negative impact on the seismic performance of buildings in the CEUS due to delegated design

(Project 4.4-B).

The envisioned impact of addressing this issue is that any gaps in seismic design quality caused by

delegated design will be understood and addressed.

Project 4.4-A

Conduct a Survey of Engineers about Delegated Design

Description

Priority level

Key steps

Roles
Estimated time

Conduct a survey of engineers in the CEUS who design structures in regions of moderate or moderately
high seismicity to understand how often and for which elements delegated designed is being utilized.
Develop questions to better understand the interaction of the Engineer of Record (EOR) and the engineer
providing the delegated design. Include questions to better understand if the EOR and the Authority
Having Jurisdiction (AHJ) are reviewing the delegated design to ensure compliance with the project
requirements.

IMPORTANT |(2.0)

1. Identify areas of moderate and moderately high seismicity to focus on for survey.

2. Prepare a questionnaire to be sent to structural engineering professionals who practice in the areas
identified in Step 1.

3. Collect the questionnaire information and review the questions regarding the prevalence of delegated
design in the CEUS and understand which building elements are most often designed through this
process.

Government; Code/Standard Organizations; Professional/Trade Organizations

110 3 years

Project 4.4-B

Quantify the Impact of Delegated Design on the Expected Seismic Performance

Description

Priority level

Key steps

Roles
Estimate time

If the survey developed in Project 4.4-A determines that delegated design is being widely used for the
design of critical and/or major building elements in the CEUS, convene a working group of seismic experts
representing the design community, industry groups, building officials, and researchers to better
understand the impact of delegated design on the expected seismic performance of buildings in the
CEUS.

(20)

1. Review data from Project 4.4-A and determine if there is actually widespread use of delegated design
the CEUS for building elements that could impact the seismic performance of the building.

2. Ifthere is widespread use of delegated design in the CEUS, work with BSSC, ASCE, ICC, AISC,
AClI, and other organizations to stand up a working group to further examine the impact of delegated
design.

Government; Code/Standard Organizations; Professional/Trade Organizations

110 3 years
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4.5 Lack of Building Stock Inventory Data

The CEUS lacks sufficient information about its existing building stock to properly develop CEUS-

specific programs, ordinances, and seismic provisions.

To address the issue, building stock data collection should be conducted in key regions (Project 4.5-A),

common building typologies should be identified (Project 4.5-B), and a literature review of historical

building codes should be conducted (Project 4.5-C). The survey should also quantify the number and type

of structures that are used for low-income housing in the respective communities. It should be determined

if a disproportionate number of seismically vulnerable structures in the selected cities are used for

housing in economically disadvantaged areas (Project 4.5-D). If is determined that there is a

disproportionate seismic risk to the housing stock in economically disadvantaged areas, initiatives may be

undertaken with local, state and federal stakeholders to reduce the seismic risk to the impacted

communities (Project 4.5-E).

The envisioned impact of addressing this issue is that data about CEUS existing building stock are readily

available to code writers, government officials, and engineers to improve the knowledge and practice of

CEUS existing building safety. Data regarding the potential seismic risk of low-income housing can be

evaluated to better understand prevalence of seismically at-risk housing in selected major metropolitan

areas as well as the most common type of structures used for this purpose.

Project 4.5-A

Collect Building Stock Data

Description

Priority level

Key steps

Roles
Estimated time

Determine a mechanism for ongoing data collection regarding building characteristics, codes used,
building materials, and structural systems in the CEUS.
| MODERATELY IMPORTANT | (1.5)

1. Determine where data should live (live webpage/database) and who will host/maintain data.
Identify which metrics should be collected for each building.
Provide a mechanism for input (ideally automated) data from permitting process in key jurisdictions to
collect key metrics.

Government, University/ Research Organizations

4 to 5 years

Project 4.5-B

Identify Common Building Typologies

Description
Priority level

Key steps

Roles
Estimated time

Conduct a survey of the CEUS, with focus on high density areas, to understand typical CEUS building
typologies. For example, unreinforced masonry buildings are more prevalent on the CEUS.

(2.5)

1. Identify and prioritize high density areas of the CEUS for surveying.

2. Engage in surveying of building typologies in specific regions.

3. Generate a list of common building typologies, with descriptions and classifications.
Government, University/Research Organizations

4 to 5 years
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Project 4.5-C

Conduct Literature Review of Historical Building Codes for Lateral Force Design

Description

Priority level

Key steps

Roles
Estimated time

It is important to understand, for our existing building stock in key areas, what building code the building
was designed under and if there was any seismic design performed. In addition, if there was a wind
design requirement and to what level of wind load was the building designed for.

| MODERATELY IMPORTANT | (1.5)

Select specific geographic regions for study.
2. Perform a survey of typical buildings based on age and assumed code during time of design/

construction.

3. Compile a list of modifications made to the seismic provisions of historic codes by different
jurisdictions in the CEUS.
Group building ages/ codes applied based on regions.
Leverage other research projects (i.e., ATC-146: Steel Buildings in the Central and Eastern United
States Designed for Controlling Wind Loads to Evaluate their Seismic Performance) to correlate
building age/code design under to expected building performance.

Government, University/ Research Organizations

4 to 5 years

Project 4.5-D

Determine if There is a Disproportionate Seismic Risk to Low Income Housing

Description

Priority level

Key steps

Roles
Estimated time

Conduct a study in several major metropolitan areas in the CEUS that have at least a moderate seismic
risk to determine if there is a disproportionate seismic risk to the low-income housing in those areas.
Utilize tools such as the National Risk Index (NRI) (FEMA, 2023c) and Hazus (FEMA, 2023a), in
conjunction with current census and housing data to quantify the problem. The study should also highlight
potential negative post-earthquake impacts in the areas with a high concentration of vulnerable housing
stock.

IMPORTANT |(2.0)

Identify metropolitan areas with moderate and/or moderately high seismic risk to focus on for survey.
2. Perform in-depth data mining in the selected communities and then refine key metrics using the NRI
and Hazus tools.
3. Presentation of the findings including a detailed discussion of the impact of the disproportionate
seismic risk in the impacted communities both during and following a major seismic event.
Government; University/Research Organizations
110 3 years
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Project 4.5-E  Develop a Strategy to Mitigate the Disproportionate Seismic Risk to the Housing
Stock in Low Income Areas

Description If the above study determines that there is a disproportionate seismic risk to the housing stock in low-
income areas of major metropolitan areas in the CEUS, develop a coordinated plan to mitigate the risk.

Priority level IMPORTANT |(2.0)

Key steps If the conclusion of Project 4.5-D is that there is a disproportionate seismic risk to the housing stock in
low-income areas of major metropolitan areas in the CEUS, engage key stakeholders to develop options
for the mitigation of the risk posed by the housing stock. It is anticipated that mitigation options may take
many forms including both structural retrofit of existing housing and replacement housing.

Roles Government; University/Research Organizations

Estimated time 110 3 years

4.6  Lack of Best Practices for CEUS-Specific Existing Building Characteristics

Existing CEUS buildings present issues that are different in scope or ubiquity than in WUS practice, such
as widespread existence of party wall buildings, adjacent buildings, multi-tenant buildings, prevalence of
older buildings, and buildings that have degraded over time. As a result, the seismic performance of such
characteristics is not well understood.

e Party wall buildings typically consist of a single URM structure spanning multiple ownership lots and
separated by party walls at the lot lines. In addition to structural support, the party walls provide fire
separation, essential in post-seismic fires. Party walls were typical to cities developed on the eastern
seaboard since the 1800s and still represent a significant number of buildings from Portland, Maine to
Savannah, Georgia. As such the study is of high relevance to CEUS. Presently there is no structural
standard addressing this ubiquitous type of construction. The advantage of the attached units
participating in common to the environmental loads has not been considered thus far in building
codes.

e Adjacent lot line buildings typically consist of buildings designed and constructed prior to seismic
requirements and may include buildings with unreinforced masonry walls and wood framed floors,
mercantile buildings with iron or steel columns and proprietary floor systems, transitional steel frame
buildings, non-ductile reinforced concrete buildings. Include mid-block as well as corner buildings.

To address this issue, the seismic performance considerations for each unique characteristics of CEUS
buildings should be studied, any needed technical and legal information to address them should be
identified, and relevant codes, standards, and guidelines should be updated to reflect this knowledge. The
unique characteristics to cover include party wall buildings (Project 4.6-A), adjacent lot line buildings
(Project 4.6-B), multi-tenant buildings (Project 4.6-C), and material degradation (Project 4.6-D).

The envisioned impact of addressing this issue is that design and construction of seismic retrofits in the
CEUS will be made more consistent and be designed on the basis of relevant technical knowledge.
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Project 4.6-A Develop a Framework for Party Wall Buildings

Description

Priority level

Key steps

Roles

Estimated time

Study the seismic performance of buildings separated by party walls and the implications of alterations to

party wall buildings. Develop the engineering and propose a legal framework to improve the seismic

resiliency of these buildings. Presently there is no structural standard addressing this common type of

construction.

(2.5)

1.

10.

Survey to identify how large is the stock of existing party wall buildings, the rate of alterations and
seismic retrofits to these buildings, and the frequency of new party wall buildings being constructed.
Study the seismic performance of existing buildings with party walls, including row houses. These
typically include buildings with unreinforced masonry walls and wood framed floors. Include mid-block
as well as corner buildings. To this day, there are still newly developed party wall buildings, but these
might not be URM, and one can assume they meet recent seismic standards.

Study the effect of alterations and seismic retrofits one lot at a time.

Study the effect of demolition of a building on a lot belonging to a group.

Develop concepts and strategies for alterations and retrofits to party wall buildings, including the end
goal of the desired level of seismic resiliency, which may happen over a long timeframe of decades or
centuries.

Identify the utility of retrofits constructed on one side of a party wall (i.e., to only a portion of the total
structure) and what steps can be taken to improve the seismic performance prior to the entire structure
being upgraded.

Investigate and clarify the typical legal issues with work in buildings with party walls, such as access to
neighboring spaces for investigation or work, required treatment of the party wall during demolition and
construction, allowable vertical and lateral loads imposed on the party wall, required loads supported
or received from the party wall.

Develop retrofit solutions which minimize or eliminate work in adjacent lots of building structures
connected with party walls.

Postulate innovative methods to encourage and fund coordinated retrofits throughout the party wall
connected structures. This might include direct funding, tax credits, alleviation of certain zoning
regulations.

Develop standards and code language implementing the findings.

University/Research Organizations; Code/Standard Organizations; Professional/Trade Organizations;
Industry
More than 5 years
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Project 4.6-B

Develop a Framework for Construction in Adjacent Buildings

Description

Priority level

Key steps

Roles

Estimated time

Study the seismic implications and performance of alterations to buildings that are immediately adjacent
to existing neighboring buildings. These buildings typically consist of “pre-seismic” existing buildings which
have lot line walls, often multiple buildings comprising an entire block. There may also be a mixture of lot
line and party walls. Develop the engineering and legal framework to improve the seismic performance of
these buildings.

(2.5)

Study the seismic performance of buildings with adjacent lot line walls.

2. Study the effect of alterations and seismic retrofits one lot at a time.
Develop concepts and strategies for alterations and retrofits to adjacent buildings, including the end
goal of the retrofits which may happen over a long timeframe. Identify what steps can be taken to
improve the seismic performance of adjacent buildings where only one side may be under
construction and able to be improved against pounding effects.

4. Investigate and clarify the typical legal issues with work in buildings with adjacent lot line walls.

5. Develop standards and code language implementing the findings.

University/Research Organizations; Code/Standard Organizations; Professional/Trade Organizations;

Industry

4 to 5 years

Project 4.6-C

Develop a Framework for Seismic Alterations on Multi-tenant Buildings

Description
Priority level

Key steps

Roles

Estimated time

Investigate the desire to allow seismic alterations to the space of one tenant in a multi-tenant building.

(2.5)

1. Investigate the potential for seismic retrofits on portions of existing buildings occupied by a single
tenant, without working in adjacent tenant spaces.
Prepare proposed standards or code language to reflect the findings.
Evaluate and compare the efficiency and end result of the application of each of the three
International Existing Building Code (IEBC) methods (i.e., prescriptive, work area, performance
compliance) in multi-tenant buildings.

University/Research Organizations; Code/Standard Organizations; Professional/Trade Organizations;

Industry

110 3 years
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Project 4.6-D  Account for Effect of Material Degradation

Description Determine how and to what extent the material degradation of existing buildings in the CEUS affects their
seismic performance, and what measures should be taken to incorporate the degradation in seismic
retrofits. Degradation refers to loss of original structural capacity due to wear and tear or chemical
decomposition resulting from weathering in CEUS areas.

Priority level IMPORTANT | (2.0)

Key steps 1. Identify common existing CEUS building materials or structural systems that are typically subject to
deterioration due to age, weathering, settlement, creep and which are also relevant to the seismic
resistance of those structures.

2. Develop a procedure for condition assessment of existing buildings which will identify the relevant
potentially degraded materials or structural systems.
Develop testing procedures as relevant for these degraded materials and systems.
Develop default material or system properties, and rules to reduce the recognized strength, stiffness,
or ductility of these based on the field observations and testing.
5. Prepare a design methodology for seismic rehabilitation and retrofit which includes consideration of
existing conditions.
6. Write standards and code language which implements the findings of the above steps.
Roles Government; University/Research Organizations; Code/Standard Organizations; Professional/Trade
Organizations; Industry
Estimated time More than 5 years

4.7  Perception that ASCE/SEI 41 Standard is Complicated and/or Not Reflective

The ASCE/SEI 41 Standard, Seismic Evaluation and Retrofit of Existing Buildings, is perceived by some
as WUS-focused and/or difficult to use. Some typical existing CEUS building types (e.g., 19th century
brownstones) and characteristics (e.g., material properties) are not well reflected in ASCE/SEI 41.
Benchmark buildings provided are not accurate for CEUS, due to the use of other codes in the region
(e.g., SBC, BOCA), variability in adoption dates across jurisdictions, and modifications made to codes by
selected jurisdictions during their code adoption process. ASCE/SEI 41 and performance-based design are
perceived as too complicated by some CEUS engineers for small upgrades to simple buildings that either
present a low seismic risk or whose design is controlled by other lateral loads such as wind.

To address this issue, ACSE/SEI 41 should be expanded to include relevant information about CEUS
existing building types and characteristics. Vulnerable building types presently not addressed (Project
4.7-A), CEUS-specific benchmarks (Project 4.7-B), and CEUS-specific material properties (Project 4.7-
C) should be added. For example, masonry of the Midwest is different than in the WUS, there may be
highly variable lime mortar, with much of the lime leached away leaving sand. Identification may include
material type, location, or vintage. Lastly, simple, prescriptive methods for identified low-risk CEUS
building types, materials, layouts should be added (Project 4.7-D).

The envisioned impact of addressing this issue is that technical information in existing building codes and
standards will be more applicable to practice in the CEUS and that retrofits will increase in the CEUS.
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Project 4.7-A

Add Vulnerable Building Types Not Currently Represented

Description
Priority level

Key steps

Roles

Estimated time

Identify vulnerable building types in the CEUS

CRITICAL] (2.6)

1.

6.

Identify what are typical existing building types in the CEUS with particular attention to building types
or vintages that are prevalent in the CEUS but not in the WUS.

Of the CEUS building types that have been identified, identify the seismically vulnerable types.

Based on Project 4.5-A, categorize and quantify the vulnerable existing buildings.

Identify what kinds of buildings are being built today in the CEUS that may not perform well in seismic
events. For instance, buildings in Seismic Design Category A.

Review “new” kinds of construction, such as cross laminated timber structures, for their seismic
performance. Consider construction issues such as which trade erects them.

Develop retrofit solutions for typical seismically vulnerable existing buildings in the CEUS.

University/Research Organizations; Code/Standard Organizations; Professional/Trade Organizations;
Industry
More than 5 years

Project 4.7-B

Determine Benchmark Buildings

Description
Priority level

Key steps

Roles

Estimated time

Determine benchmark buildings for the CEUS.

(22)

1.

2.
3.

Identify the components of ASCE/SEI 41 that work well or do not work well in the CEUS. Identify if
these can and should be refined.

Establish benchmark building tables for CEUS.

Address the question of whether to require documentation that buildings were built by code.

University/Research Organizations; Code/Standard Organizations; Professional/Trade Organizations;
Industry

110 3 years

Project 4.7-C

Improve Representation of Typical Material Properties

Description
Priority level

Key steps

Roles

Estimated time

Improve ASCE/SEI 41 to represent CEUS values for older materials.

(20)

1.
2.
3.

Identify which materials may be different in the CEUS than in WUS.

Implement testing of these identified typical CEUS materials to provide values.

Publish the material values that are found, and include in ASCE/SEI 41 (along with the requisite
factors to transition between expected and minimum values), so they can be used.

University/Research Organizations; Code/Standard Organizations; Professional/Trade Organizations;
Industry

110 3 years
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Project 4.7-D  Develop Simplified Method for Use on Small Projects

Description Prepare simplified method for ASCE/SEI 41 use in CEUS for certain simple projects.
Priority level 2.7)
Key steps 1. Identify a list of structures which may benefit from a simplified ASCE/SEI 41 approach.
2. Develop simple, prescriptive methods for these identified low-risk CEUS building types, materials,
layouts.

3. Verify the simplified procedure with full ASCE/SEI 41 analysis. Identify limitations to the simplified
methodology, such as seismic zone, building size, material, or usage.
4. Publish or reference the simplified procedure in ASCE/SEI 41 or similar standard.
Roles University/Research Organizations; Code/Standard Organizations; Professional/Trade Organizations;
Industry
Estimated time 410 5 years

4.8 Challenges in Adoption of Seismic Code Provisions

Adopted building code versions and local amendments vary widely between CEUS jurisdictions and
rarely include the latest available national model building code version. A frequently cited impediment to
adoption is the 3-year code cycle in combination with jurisdictional adoption process timelines. In
addition to practical timing limitations imposed by jurisdictional structures, the 3-year code cycle
discourages engineers from learning new requirements. CEUS adoption of residential building codes
varies significantly because of local amendments and exempt jurisdictional structures that do not require
residential code compliance. In particular, seismic provisions in the model codes are frequently reduced
or eliminated

To address this issue, research focused on CEUS regions should be conducted to identify and document
how jurisdictions are organized and structured, state government jurisdictional oversight (if present),
adoption processes and timelines, minimum required code official qualifications and/or credentials, and
specific local concerns. Encourage a regional coalition focused on providing information, support,
resources, and networking opportunities for jurisdictions that adopt building codes.

The envisioned impact of addressing this issue is that a collective repository of jurisdictional information

will be available to help inform ongoing regional efforts in training, coordination, and consensus building
within the CEUS region. This repository will be built on publicly available information consolidated into

one location that can be referenced by engineers, researchers, code officials, municipal/state officials, and
other parties interested in code adoptions.
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Project 4.8-A  Identify Jurisdictions that Adopt and Enforce Building Codes
Description Identify jurisdictions in the CEUS that adopt and enforce building codes and document organizational

structures, adoption processes, and timelines.

Priority level IMPORTANT | (2.1)

Key steps 1. Define CEUS states.

2. Identify states with statewide only code adoption jurisdictions.

3. Identify major municipal code adoption jurisdictions in each state, where applicable.

4. Identify regional anchor jurisdictions that influence surrounding jurisdictions.

5. Prepare a questionnaire regarding the jurisdiction code adoption process and timelines to be sent to
code enforcement officials within the identified jurisdictions.

6. Review the questionnaire responses to categorize jurisdictions and jurisdiction processes and
timelines.

Roles Government; University/Research Organizations; Code/Standard Organizations

Estimated time Less than 1 year

Project 4.8-B Form Regional Coalition to Support Code Adoption

Description Survey code/building officials in the identified jurisdictions on specific challenges and impediments they
face in adopting the latest national model building code version. Identify most commonly cited challenges
to determine if there is an underlying common factor that can be addressed on a regional basis. Note that
the surveys should be limited to code/building officials only to limit bias and should not be inclusive of
engineers, politicians, or other groups that are not directly involved with the AHJ adoption and
enforcement process.

Priority level IMPORTANT] (2.1)

Key steps 1. Prepare a short questionnaire regarding specific challenges and impediments to be sent to
code/building officials. The questionnaire should include a question regarding their interest in
developing a regional coalition to work toward uniform adopted codes, and multi-hazard topics
including seismic hazards.

Plan a regional workshop of code/building officials to discuss a regional code adoption coalition.
Support development of an ongoing regional coalition that will provide resources for code/building
officials and networking between jurisdictions with a specific focus on working toward uniform
adopted codes across the CEUS. Note: this may also fit as a subgroup within existing code/building
official organizations.

Roles Government; University/Research Organizations; Code/Standard Organizations

Estimated time 110 3 years
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Project 4.8-C

Evaluate Residential Seismic Provisions

Description

Priority level

Key steps

Roles
Estimated time

Design a shake table test scale model of representative CEUS wood-framed residential single-family
dwellings to determine the effectiveness, cost, and impact of full compliance with the 2021 IRC seismic
provisions.

(18)

1. Select:

a.  Single-family dwelling floor plans representative of CEUS construction.

b.  Design firms to design the plans per the IRC.

c.  Construction firms to price and provide input on field construction practices.

d. Code officials to provide input on common local or regional interpretations of IRC provisions.
Complete the designs per the latest IRC, assuming a high seismic region (SDC Do or D1).
Construct scale models of the designs.

Test the scale models and record the findings.

Produce a report on the findings and costs. Include recommendations on specific seismic provisions
that are critical, have minimal impact, or are duplicative.

ok wDd

Government; University/Research Organizations; Code/Standard Organizations, Industry
110 3 years

Project 4.8-D

Survey Contractors and Owners about Resistance to Seismic Provisions

Description

Priority level

Key steps

Roles
Estimated time

Hold two workshops (1 commercial-specific, 1 residential-specific) with contractors, owners, and other
development financial stakeholders to discuss/identify specific sources of resistance to seismic provisions.

(24)

1. Select workshop steering committees and organize the workshops.

2. Focus on clear communication and outreach to attendees to ensure broad and accurate
representation of the targeted professions.
Hold workshops.
Produce a report from each workshop on specific seismic provisions/impacts of concern and potential
solutions. Solutions could include code revisions, focused education on implementation of the code
provisions, a summary of topics outside the engineering professions to be addressed by
insurance/banking/other.

5. Inform appropriate organizations of report findings and recommended actions that could be taken.

Government; University/Research Organizations; Code/Standard Organizations, Industry

110 3 years

4.9 Challenges in Seismic Code Provision Enforcement

The CEUS has challenges to ensuring proper and uniform enforcement of building code provisions that

stem from staff qualifications, review processes, and available resources and enforcement tools.

To address the issue, surveys of buildings officials about qualifications and enforcement (Project 4.9-A,

Project 4.9-C) and training about critical seismic features, construction practices, and nonstructural
bracing and anchorage should be conducted (Project 4.9-B, Project 4.9-D, Project 4.9-E).
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The envisioned impact of addressing this issue is that a collective repository of code enforcement

knowledge, abilities, and current processes will be available as a resource to avoid duplication or

contradiction of current efforts, while also providing a reference point of understanding to help inform

ongoing regional efforts in training, coordination, and consensus building within the CEUS region. This

repository can be referenced by engineers, researchers, code officials, municipal/state officials, and other

parties interested in code adoptions.

Project 4.9-A

Conduct a Survey of Building Officials about Qualifications

Description

Priority level

Key steps

Roles
Estimated time

Survey code/building officials on minimum required staff qualifications and actual staff qualifications (e.g.,
Professional Engineer, PE, or General Contractor, GC). Include general questions to gage seismic-
specific knowledge, document review processes, and construction enforcement approaches. Identify most
common ability and knowledge level to use as a common regional benchmark if possible.

CRITICAL] (2.6)

1. Define CEUS code enforcement jurisdictions.

2. Catalogue minimum required staff qualifications, including licensed PEs and the PE discipline.

3. Identify impediments to hiring licensed PEs.

4. Catalogue general document review processes. Identify successful and non-successful
commonalities between jurisdictions.

5. Catalogue general construction enforcement processes such as required EOR inspection letters,
special inspections, field inspections by staff knowledgeable in specific disciplines or general staff
based on availability, etc.

6. Identify impediments and objections to more thorough review and comprehensive inspections.

Government; Code/Standard Organizations, Industry

Less than 1 year

Project 4.9-B

Provide Training to Code Officials about Critical Seismic Features

Description

Priority level

Key steps

Roles
Estimated time

Develop and provide educational materials tailored to code officials and their staff that identify critical
seismic features of the project design, discuss the function of these features and how they work, and
outline the benefits and consequences of proper/improper construction of the critical features. Include
materials on special inspections and certifications and what would be deemed compliant for these
features.

[IMPORTANT] (2.1)

Identify critical seismic features for common building archetypes.

2. Develop educational materials based on input from code officials on beneficial formats and teaching
approach.
Distribute/promote educational materials to CEUS jurisdictions.
Support continuing education by updating materials with new code provisions and ongoing promotion
to build awareness of the resources.

Government, University/Research Organizations
110 3 years
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Project 4.9-C Conduct a Survey of Building Officials about Enforcement

Description Survey CEUS code/building officials on inspection requirements to ensure compliance and quality control
and identify invalid presumptions that current seismic inspection provisions are predicated on. Specific
topics to cover should include special inspections, general EOR inspections, code enforcement
inspections, and steps required to ensure non-compliant deficiencies are corrected. Under special
inspections, identify if third party inspections are a requirement, who hires the inspectors (owner or
contractor), and do these inspections work?

Priority level IMPORTANT] (2.4)

Key steps 1. Complete survey to identify current practice by CEUS jurisdictions.

a. General inspections by Registered Design Professional (RDP), staff, third party.

b.  Special inspections required and by whom? Third party? Who hires the inspectors?

c.  What type of reinspection and/or documentation is required to ensure corrective action was
performed?

d. Identify differences between written enforcement procedures and practical implementation and
enforcement. Survey code officials to determine their understanding of why any discrepancy
exists.

2. Review current seismic inspection provisions in national model building codes and common/major
material standards and identify underlying presumptions that conflict with survey results (e.g.,
presumption that the inspector is a licensed PE; the requirement that the inspector be hired by the
owner, not the contractor).

3. Categorize the identified presumptions and/or inspection requirements as:

a. Practically enforceable with additional education to code enforcement staff.

b. Practically enforceable and still effective with minor revisions to the requirements.

c.  Not practically enforceable given standard inspection practice in the CEUS.

d. Not practically enforceable given CEUS code enforcement staff qualifications and technical
knowledge regarding seismic design provisions.

e. Other

4. In conjunction with the surveyed code officials, develop general potential solutions for the items

identified in Step 3.

Develop educational material for Step 3a.

Work with professional organizations on potential revisions for Step 3b.

Identify alternate means of compliance and quality control for Step 3c.

Develop alternate inspection requirements based on technical knowledge levels for Step 3d.

© © N oo

Produce a report outlining the findings under Step 3, and the potential recommendations under Step

4. The report should be made available to code officials and code writing organizations as a

reference and guideline when contemplating future seismic inspection provisions. The report should

emphasize and make clear practical CEUS impediments to absolute compliance with seismic

inspection provisions as written.

Roles Government; University/Research Organizations; Code/Standard Organizations; Professional/Trade
Organizations; Industry

Estimated time More than 5 years
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Project 4.9-D Provide Training to Engineers and Code Officials about Masonry Grout

Description Provide training to engineers and code officials about proper installation of masonry grout. Proper grouting
of concrete masonry units (CMU) is difficult to inspect and verify, yet CMU shafts/cores and shear walls
commonly comprise part of the lateral force-resisting systems in the CEUS. Common grouting deficiencies
include reinforcement coverage within cells and uniform properly laid grout beds between units.

Priority level IMPORTANT | (1.7)

Key steps 1. Develop educational material focused on proper grouting techniques and inspection techniques.
Techniques should be tailored to CEUS construction practices, with input from regional professional
masonry organizations.

2. Educational materials should be usable by inspectors of all technical knowledge and credential
levels, assuming a basic field experience level. Materials could include: publications, webinars; on-
demand video recordings; in-person seminars available upon request; lab-based tests and
demonstrations.

3. Publicize and disseminate information regarding the available educational materials to engineering
organizations, jurisdictions, masonry trade groups, and code writers of inspection requirements.

4. Periodically review and update educational material based on new information or products.

Roles Government; University/Research Organizations; Professional/Trade Organizations; Industry

Estimated time 110 3 years

Project 4.9-E  Improve Nonstructural Component Seismic Lateral Restraint and Anchorage

Description Improve accountability for nonstructural lateral restraint and anchorage and disseminate education
materials to code enforcement jurisdictions and engineering organizations.

Priority level CRITICAL | (2.5)

Key steps 1. Review current national model code requirements and identify critical seismic nonstructural
component lateral restraint and anchorage provisions.
2. For each identified provision, recommend a designated RDP that is responsible for ensuring
compliance for that provision has been included within the construction documents.
Develop a publication summarizing the critical provisions and recommended RDP.
Subsequent publications could be developed with educational material on means and methods that
could be used to ensure compliance of the critical provisions.
5. Publicize and disseminate information regarding the available educational materials to code
enforcement jurisdictions and engineering organizations.
6. Periodically review and update educational material based on new information or products.
Roles Code/Standard Organizations; Professional/Trade Organizations; Industry
Estimated time 110 3 years

4.10 Large Amount of Building Stock Needing Seismic Retrofit

The prevalence and quality of seismic retrofits should be increased in the CEUS. The reasoning,
justification, clarity, and economy of seismic retrofit requirements can and should be improved to aid in
this goal. The reasoning, justification, and goals of seismic retrofits need to be communicated to both
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building Owners and others in the design community, along with the utility of retrofits and the technical
basis for them.

To address this issue, retrofit design methodologies and building code requirement needs to be improved
(Project 4.10-A), voluntary and mandatory retrofit programs should be encouraged (Project 4.10-B,
Project 4.10-C) especially those pertaining to nonstructural falling hazards (Project 4.10-D), and cost-
benefit studies should be conducted (Project 4.10-E).

The envisioned impact of addressing this issue is that most building stock in the CEUS was constructed
prior to the implementation of seismic design requirements, and these structures will likely be utilized for
a long time, so a clear retrofit strategy will over time improve the seismic resiliency of the CEUS.

Project 4.10-A Respond to the Prevalence of Pre-seismic Buildings

Description Improve retrofit design methodologies and building code requirements to reflect the reality that the
majority of existing buildings in the CEUS were designed and constructed prior to the incorporation of
seismic considerations into the governing building codes.

Priority level IMPORTANT | (2.3)

Key steps 1. Improve implementation of codes which lead to seismic retrofits, such as the IEBC. Review these
codes to determine what level of seismic retrofit actually occurs and if improvement to the code is
warranted to increase seismic upgrades.

2. Review the circumstances under which using the default Site Class D is appropriate and where it can
be revised. This may be especially relevant for small buildings. Do this by developing databases and
mapping of localized default seismic site class, which aggregate the results of prior geotechnical
investigations for densely constructed neighborhoods. Clarify and explain the need for geotechnical
investigations for existing buildings to obtain an appropriate site class and then seismic design
category.

3. To facilitate seismic improvements, may wish to create delineation in the triggering code language for
small existing buildings and building age, and incorporate into codes how to retrofit older buildings
and smaller buildings with greater allowance for their age and difficulty of upgrades.

Roles University/Research Organizations; Code/Standard Organizations; Professional/Trade Organizations;

Industry

Estimated time 410 5 years
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Project 4.10-B

Increase Prevalence of Voluntary Seismic Retrofits

Description
Priority level

Key steps

Roles

Estimated time

Increase the occurrence of voluntary seismic retrofits in the CEUS.

IMPORTANT] (1.7)

1. Identify incentives to encourage voluntary seismic upgrades (e.g., credits, tax rebates, and grants for
seismic upgrades; federal aid funding to AHJs using latest codes, including IEBC; grants; leverage
historic preservation and sustainability initiatives).

2. Probe how to relieve compounding actions from seismic retrofits (e.g., allow voluntary seismic
retrofits to occur but not trigger follow-on requirements such as accessibility upgrades). Study how
frequently voluntary seismic retrofits trigger accessibility, energy code, and other updates.

3. Identify parameters under which voluntary seismic retrofit can be expanded. Determine if, when, and
how they may be used.

4. |dentify what aspects of current voluntary upgrade procedures are west coast based, and not
necessarily relevant to CEUS practice.

5. Prepare voluntary upgrade methodologies whose seismic resiliency targets are more in line with
CEUS needs and practical retrofit procedures.

Government; University/Research Organizations; Code/Standard Organizations; Professional/Trade

Organizations; Industry

More than 5 years

Project 4.10-C

Improve Mandatory Seismic Retrofits

Description
Priority level

Key steps

Roles

Estimated time

Improve the relevance and the use of code-required retrofits in the CEUS.

(23)

1. Study how and under what circumstances retrofit triggers in existing model codes do not capture
vulnerable CEUS buildings or alterations (e.g., unreinforced masonry (URM) buildings which are not
changing occupancy, stiffness, or mass). Determine magnitude of problem and identify how to close
loopholes.

2. ldentify where and under which circumstances the current retrofit triggers, for instance in the IEBC,
are not being adhered to, or upgrades not done. Identify the reasons, such as political or industry
pressure.

3. Review local codes and code provisions and identify areas where their provisions may be beneficially
incorporated into national model codes. And, vice versa, which aspects of the national model codes
may be used to improve seismic practice in the remaining local code.

4. Provide outreach and education of code officials so they are aware of required triggers/ thresholds.

Government; University/Research Organizations; Code/Standard Organizations; Professional/Trade

Organizations; Industry

4 to 5 years
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Project 4.10-D

Increase Retrofit of Potential Falling Hazards

Description
Priority level

Key steps

Roles
Estimated time

Improve identification and mitigation of and potential falling hazards.

IMPORTANT | (2.4)

1.

Identify which are the most hazardous potential falling hazards on the exterior of existing buildings
(e.g., chimneys, stonework, brick veneers, parapets, cantilevers)

Identify which are the most hazardous potential falling hazards on the interiors of existing buildings
(e.g., suspended equipment, ceilings, piping, lighting).

Identify what can be done about these identified falling hazards (e.g., inspections, retrofits,
replacements, requirements for new construction in existing buildings)

Government; Professional/Trade Organizations; Industry
110 3 years

Project 4.10-E

Establish Prioritization Framework for Seismic Retrofits

Description
Priority level

Key steps

Roles

Estimated time

Determine how seismic upgrades can be prioritized.

IMPORTANT |(2.2)

1.

5.

Establish prioritization for existing buildings to be upgraded, beyond what is required by current
building codes (e.g., should the owner spend money to upgrade when the building may statistically
be gone by the time the earthquake hits).

Prepare methodologies for determining when to voluntarily upgrade a building. The methodology
should be soundly based on economics, hazards, and social needs to help determine if a retrofit or
upgrade is worthwhile, and not simply fall on the design engineer to make a value judgement.
Establish a rubric for communities to establish where resources should be spent on voluntary seismic
upgrades.

To better understand the need for seismic retrofits, prepare a series of sample studies of building
types specific to CEUS (e.g., flat plate moment frame) to determine when the building system is
vulnerable and at what level of ground shaking (e.g., ground shaking threshold for URMs).
Establish fragility curves for existing CEUS buildings.

Government; University/Research Organizations; Code/Standard Organizations; Professional/Trade
Organizations; Industry
More than 5 years
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Chapter 5

Topic Area: Lifeline Infrastructure

This chapter provides an overview of current seismic practice issues in the CEUS within the topic area of
Lifeline Infrastructure. This topic area includes planning, analysis, design, and construction of lifeline
infrastructure systems and addresses both new and existing systems. For each issue within the topic area,
research and practice-related projects to address the needs are provided. General background information
relevant to this topic area is provided in Chapter 2.

As introduced in Section 2.3.2, three existing reports that outline research and practice needs for lifeline
infrastructure at a national level served as a starting point for developing a list of issues tailored to the
CEUS context. Section 5.1 presents the prioritization of the recommendations in those reports based on
the input from workshop participants in the Lifelines Track.

Additional issues for the CEUS context were identified beyond those in the existing reports; those issues
and the recommended projects to address them are provided in Sections 5.2 to 5.5. Table 5-1 lists the
issues covered in this chapter. Table 6-5 lists all issues and recommended projects covered in this chapter
and includes the priority level of each project.

The motivation for addressing issues in this topic area is that seismic performance of lifeline
infrastructure will improve and post-earthquake service recovery time will decrease. The effect of
addressing these issues would also go beyond earthquakes, with opportunities to improve day-to-day
reliability and reduce service restoration times after other natural hazard events.

Table 5-1 Lifeline Infrastructure Issues Covered in Chapter 5

Section Title
5.1 Prioritization of the Prior Lifeline Infrastructure System Recommendations
5.2 Insufficient Understanding of Social and Economic Consequences from Service Outage

53 Insufficient Understanding of Risk Posed by Earthquake Hazards and Multi-Hazards
54 Insufficient Understanding of Dependencies and Interdependencies

55 Need for a National Lifeline Infrastructure System Component Database

5.1 Prioritization of the Prior Lifeline Infrastructure System Recommendations

Three existing reports provide lists of general seismic research and practice needs at a national level for
specific lifeline infrastructure systems. The recommendations from these reports were used as a starting
point to obtain a CEUS perspective on these existing recommendations.
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The reports are:

e NIST GCR 14-917-33, Earthquake-Resilient Lifelines: NEHRP Research, Development, and
Implementation Roadmap (2014),

e NIST GCR 16-917-39, Critical Assessment of Lifeline System Performance: Understanding Societal
Needs in Disaster Recovery (2016), and

e FEMA P-2090/NIST SP-1254, Recommended Options for Improving the Built Environment for Post-
Earthquake Reoccupancy and Functional Recovery Time (2021).

The priority research and practice tasks for the CEUS were identified through workshop discussions on
the following four categories:

e anticipated performance of existing lifeline infrastructure systems during earthquakes and the societal
needs and expectation for recovery timeframes of these systems,

e multi-hazard approaches to improving lifeline infrastructure systems,
e dependencies and potential impact on response and recovery, and
o lifeline infrastructure system analysis, design, codes, and standards.

From the prior 82 task recommendations in NIST (2014), NIST (2016), and FEMA-NIST (2021), 45 task
recommendations were grouped into the above four categories and presented for discussion in three
breakout sessions at the workshop. The order in which the topics were presented is provided in Appendix
B. Lifeline system-specific topics (e.g., water) were not included because the workshop participants was
diversified across lifeline systems and time was limited. In addition, consistent with the approach for
NIST (2016), lifeline-specific research needs are considered important but not as high a priority as for
topics that can address multiple or all lifeline infrastructure systems. The general planning, education, and
financial resources topics and other topics that did not fit within the above four listed categories were not
discussed due to time constraints in order to allow for greater discussion to generate and rank new CEUS-
specific recommended topics. Two topics from NIST (2016) were identified as duplicates from NIST
(2014), leaving 43 topics that were prioritized. The topics that were not reviewed or ranked during the
workshop are marked in Tables 5-2 to 5-10 as “Not reviewed” in the CEUS Priority column.

The following three subsections summarize the recommendations for lifeline infrastructure system
research and practice provided respectively in NIST (2014), NIST (2016), and FEMA-NIST (2021) and
provide the background for review and deliberation about their importance to the CEUS. The priority
ranking for the CEUS context is also provided.

5.1.1 NIST GCR 14-917-33, Earthquake-Resilient Lifelines: NEHRP Research,
Development, and Implementation Roadmap

This report entitled NIST GCR 14-917-33, Earthquake-Resilient Lifelines: NEHRP Research,
Development, and Implementation Roadmap (Roadmap) was prepared with the intention to guide
investments made by NIST and other NEHRP agencies in generating national performance and
restoration goals in concert with the development of guidelines, manuals, and standards for key lifeline
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infrastructure systems and components. It also addresses lifeline infrastructure system interdependencies
and institutional research and implementation priorities that are needed to support resilient lifeline
infrastructure system practices and improved performance during extreme events. High priority needs for
industry practice and adoption as well as guidelines and consensus-based standards are included in the
Roadmap.

Overall, the Roadmap identifies 28 research, development, and implementation topics, grouped into four
main program elements (and six program element subgroups), and identified with a “highest,” “high,” or
“medium” priority ranking. Each topic has a one-page description including cost, duration, and potential
funding that can be found in NIST (2014).

The framework for the Roadmap consists of four key program elements that define the range of proposed
priority topics for research, development, and implementation to be pursued over the next decade, as well
as a consensus-based prioritization scheme for completing the work. The program elements are as
follows:

e Program Element 1. Establish national lifeline system performance and restoration goals.

e Program Element II. Develop lifeline system specific performance manuals, guidelines, standards,
and codes.

e Program Element III. Conduct problem focused research for various lifeline systems.

e Program Element IV. Enable the adoption and implementation of lifeline system performance goals
and standards.

The Roadmap is not a static arrangement of priorities. It is a framework that includes dynamic
interactions. It is intended for research topics in Program Element III to emerge from work undertaken in
Program Elements I, II, and IV. As work is accomplished to establish national lifeline infrastructure
system performance and restoration goals in conjunction with the development of guidelines and
standards, gaps in knowledge and fundamental uncertainties will emerge, requiring further research.

Program Element I is the foundational element of the Roadmap. Its objective is to establish a national
framework of seismic performance and restoration goals for lifeline infrastructure systems that reflects
the evolving nature of communities, technology, business, and government. Its purpose is to help
transition from current utility-specific crisis management practices to a more integrated and consistent
approach to interdependent lifeline infrastructure systems performance improvement and integrated
community resilience enhancement. Program Element I also provides input and guidance for the rest of
the program elements.

Table 5-2 summarizes the recommended research topics with priorities in Program Element I. Program
Element I is defined by two complementary subgroups, a Performance Framework subgroup that is
focused on establishment of lifeline infrastructure system restoration goals driven by societal needs and
expectations and a modeling-based Needs Assessment subgroup. The goal of the Performance Framework
subgroup is to develop performance and restoration goals that are broadly applicable to all interdependent
lifeline systems throughout earthquake-prone regions of the United States with consideration of current
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utility best practices. Such a framework must reflect realistic system evolution that is aligned with
national and local community resilience priorities.

The goal of the Needs Assessment subgroup is to provide modeling methods to assess specific
functionality levels and restoration times achievable with enhanced best practices. This subgroup also
addresses current shortfalls in performance related to the absence of measures that account for lifeline
infrastructure system interdependencies and focuses on the need to align lifeline infrastructure system
services with societal expectations.

Table 5-2 summarizes the priority topics for research, development, and implementation in these
subgroups. The priority levels for CEUS, as determined by Lifelines Track participants, are also included
in the table.

Table 5-2 Summary of Lifeline System Research and Implementation Element | Priorities (NIST,
2014) with CEUS Priority Added

No. Topic CEUS Priority

SUBGROUP I.1. Develop a Framework for the Establishment of
Lifeline System Performance and Restoration Goals

1 Develop an overarching framework for national lifeline performance and Critical (3)
restoration goals

2 Assess current societal expectations of acceptable lifeline performance levels Critical (3)
and restoration times informed by the phases of response and recovery

3 Establish procedures to quantify hazards over spatially distributed lifeline Critical (3)
systems

SUBGROUP |I.2. Develop Methods for Lifeline System
Performance and Restoration Needs Assessment

4 Develop modeling tools to support design approaches, planning, and restoration Critical (3)
for interdependent lifeline systems

5 Develop tools to quantify and rank the societal benefits and costs of different Important (2)
lifeline system performance levels and restoration times, as well as prioritize
lifeline upgrades and investments

Program Element II of the Roadmap focuses on the development of guidelines, manuals of best
practice, and standards to improve system reliability. Since the 1971 San Fernando Earthquake, many
seismic guidelines and standards have been developed to cover gaps resulting from the paucity of codes
and standards for lifeline infrastructure systems in use prior to that earthquake. Existing best practice
manuals and guidelines include those produced for different lifeline infrastructure systems by the
American Lifelines Alliance (ALA), the Technical Council on Lifeline Earthquake Engineering (TCLEE)
of the ASCE, and other organizations.

Existing lifeline-specific guidelines and standards need to be expanded and updated to address advances
in research, construction, and operational experience. They need to reflect better recent technological
advances, as well as address the national performance and restoration goals developed as part of the
Roadmap. They must include consideration of lifeline infrastructure system interdependencies.
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Table 5-3 summarizes the priority topics for research, development, and implementation to address
lifeline infrastructure system performance and reliability. The priority levels for CEUS, as determined by
Lifelines Track participants, are also included in the table.

Table 5-3 Summary of Lifeline System Research and Implementation Element Il Priorities (NIST,
2014) with CEUS Priority Added

No. Topic CEUS Priority
6 Develop guidelines for the analysis, design, and planning of electric power Not reviewed
infrastructure in seismically vulnerable regions
7 Develop guidelines for improving telecommunication system resilience under Not reviewed
earthquake conditions
8 Develop water system seismic guidelines and standards Not reviewed
9 Develop wastewater system seismic guidelines and standards Not reviewed
10 Develop a manual of best seismic practices for gas and liquid fuel transmission Not reviewed
pipelines
11 Develop a manual for improving the seismic performance of natural gas distribution Not reviewed
systems
12 Develop guidelines for mitigating damage to lifelines from tsunamis and other flood- Moderately important (1)

related hazards
13 Develop guidelines for post-earthquake lifeline assessment, response, and recovery  Moderately important (1.5)

14 Develop geohazard guidelines for owners and contractors for engineering, Moderately important (1.5)
procurement, and construction of pipelines

15 Develop seismic qualification standards for lifeline components and systems Critical (3)

Program Element I1I identifies priority topics that are organized in two main areas: (1) priorities related
to research across lifeline infrastructure systems, and (2) priorities related to research for specific lifeline
infrastructure systems.

The recommended topics for this program element attempt to fill gaps in knowledge and/or advance the
state-of-the-art in lifeline infrastructure system risk and resilience assessment and management. However,
as noted earlier, these topics should be regarded as a starting point for an emerging dynamic and
interactive process, with new topics being identified on the basis of work in other program elements.

New lifeline infrastructure system network paradigms are emerging in response to increased demands for
energy, renewal of aging lifeline infrastructure systems, planning and operations for sustainability, and
innovations in computational methods for complex networks. Lifeline infrastructure risk and resilience
methods need to advance across systems to meet the challenges and opportunities created by these
changes.
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Table 5-4 summarizes the priority topics related to research across lifeline infrastructure systems and for

specific lifeline infrastructure systems. The priority levels for CEUS, as determined by Lifelines Track

participants, are also included in the table.

Table 5-4 Summary of Lifeline System Research and Implementation Element Il Priorities (NIST,
2014) with CEUS Priority Added
No. Topic CEUS Priority
SUBGROUP Il1.1. Priorities Related to Research Across Lifelines
16 Evaluate the feasibility of new interdependent lifeline system configurations Important (2)
17 Develop methods for analysis and mitigation of damage from fire following earthquakes Important (2)
and hazardous material releases
18 Improve and extend methods for mitigating the effects of earthquake-induced ground Critical (3)
displacement on underground pipelines, conduits, and cables
SUBGROUP l11.2. Priorities Related to Research for Specific Lifeline
Systems
19 Evaluate distributed power generation and energy storage to reduce earthquake/natural Not reviewed
hazard effects on electric power systems
20 Develop a multi-hazard, multi-modal dynamic transportation network risk assessment Not reviewed
model
21 Develop water and wastewater system evaluation methods for earthquake impacts Not reviewed
22 Develop tensile and compressive strain limits for welded steel pipelines in permanent Not reviewed

ground displacement zones

Program Element IV focuses on the research, development, and implementation priorities necessary to

advance the adoption and implementation of lifeline infrastructure system performance goals and

standards and sustain lifeline infrastructure system reliability and seismic resilience over time. It is

organized into two subgroups: (1) priorities to enable adoption and implementation of lifeline

infrastructure system performance goals and standards, and (2) priorities for long-term earthquake

resilience.

Table 5-5 summarizes the priority topics for research, development, and implementation to enhance the

capacity and willingness of lifeline infrastructure system owners and operators to adopt and implement

system- and component-level performance goals and standards and to help sustain lifeline infrastructure

system reliability and seismic resilience. The priority levels for CEUS, as determined by Lifelines Track

participants, are also included in the table.
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Table 5-5 Summary of Lifeline System Research and Implementation Element IV Priorities
(NIST, 2014) with CEUS Priority Added

No. Topic CEUS Priority

SUBGROURP IV.1 Priorities to Enable Adoption and Implementation of
Lifeline System Performance Goals and Standards

23 Develop tools, guidance, incentives, and funding mechanisms for voluntary adoption Critical (2.5)
and implementation of lifeline seismic resilience programs and earthquake-resilient
design and construction standards

24 Develop strategies and techniques for the public and key customers to engage lifeline Moderately important
system providers to define acceptable performance levels and restoration timeframes (1.5)
SUBGROUP |V.2. Priorities for Long-Term Earthquake Resilience
25 Assess the direct and indirect socioeconomic consequences and financial implications Critical (3)
of different lifeline performance levels and restoration timeframes
26 Implement post-earthquake information and response services for lifeline systems Critical (2.5)
27 Develop and deploy intelligent lifeline monitoring, advanced sensors, and emergency Not reviewed

response and restoration decision support systems

28 Develop and deploy better tools, training, and guidance for emergency operation Not reviewed
planning, response, and restoration of lifeline systems

5.1.2 NIST GCR 16-917-39, Critical Assessment of Lifeline System Performance:
Understanding Societal Needs in Disaster Recovery

This study was born from the NIST (2014) Element I Topic 2 shown in Table 5-2, undertaken to better
understand societal needs during recovery, and conducted as part of the NIST Community Resilience
Program (NIST, 2015). The primary purpose was to assess current societal expectations of acceptable
lifeline infrastructure system performance levels and restoration timeframes that are informed by the
phases of response and recovery, distinguishing those that are hazard independent and those that are
specific for seismic (including tsunami), wind (including hurricane and tornado), flood, snow/ice, and
wildfire hazard events. An additional goal of the study was to identify gaps between the desired and
anticipated performance of lifeline infrastructure systems.

Assessment broadly examined the societal considerations and interdependencies associated with the
performance of lifeline infrastructure systems. Each assessment summarizes current codes, standards,
guidelines, manuals, and performance requirements as well as societal considerations and critical
infrastructure interdependencies. Each assessment also describes system performance, summarizes
disaster lessons, discusses key gaps and deficits between anticipated lifeline system performance and the
performance required to support societal needs, and makes recommendations for improvements.

Based on the results of the assessments, 33 recommendations were organized in four areas: Lifeline
Codes, Standards, and Guidelines; Research; Modeling; and Lifeline Infrastructure System Operations,
summarized in Tables 5-6 to 5-9. In NIST (2016), each recommendation has a one-paragraph description.
There are no estimates of cost or duration for the research, and no variation in priorities identified,
although all recommendations were identified as having high priority.
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Lifeline Codes, Standards, and Guidelines: This study reveals critical gaps in the codes, standards, and

guidelines that govern the design, construction, and performance of various lifeline infrastructure systems

and system components.

Table 5-6 lists the resulting recommended topics reflecting organizational and framework needs, available

information, new knowledge needs, guidelines and standards development needs, and scoping breadth,

with recommendations that pertain to broad issues and improving community resilience considered higher

priorities than recommendations for specific lifeline infrastructure systems. The priority levels for CEUS,

as determined by Lifelines Track participants, are also included in the table.

Table 5-6 Summary of Needs Assessment Recommendations - Lifeline Codes, Standards, and
Guidelines (NIST, 2016) with CEUS Priority Added
Rec. Topic CEUS Priority

A1 Identify or establish an organization and process for advocating, harmonizing, and Critical (3)
unifying the consensus procedures for lifeline guidelines and standards development.

A2 Develop more consistent terminology for lifeline standards. Important (2)

A3 Develop an up-to-date and complete suite of codes, standards, and guidelines for all Not reviewed
lifeline systems to reflect the current state of practice, knowledge, and performance
requirements.

A4 Develop a methodology to combine component-based design criteria into system level Important (2)
performance targets.

A5 Develop lifeline system performance requirements that relate to community resilience Critical (3)
and better reflect societal considerations.

A6 Develop consensus-based guidelines and standards for the design of new lifelines and Critical (3)
the retrofit of existing lifelines that reflect community resilience performance
requirements and societal considerations.

A7 Develop guidelines to inform the design, interoperability, and upkeep of lifeline system Critical (2.5)
dependencies. Establish procedures to quantify hazards over spatially distributed
lifeline systems

A8 Reduce inconsistencies in the compendium of codes and standards that guide design, Important (2)
construction, and resilience of the built environment, such as fire codes, building codes,
and lifelines codes, standards, and guidelines.

A9 Develop consistent policy and standards on accessing information and databases Not reviewed
about critical infrastructure systems that is coordinated with Department of Homeland
Security critical infrastructure activities.

A10 Provide updated guidance for evaluating gas and liquid fuel pipeline and facility Not reviewed

response to seismic hazards, floods, coastal storms, and tsunami-related inundation.
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Research: The study identified a number of gaps in data and knowledge necessary to improve the

fundamental understanding of acceptable lifeline infrastructure system performance.

Table 5-7 lists 15 recommendations with respect to systematic study and research needs. The priority

levels for CEUS, as determined by Lifelines Track participants, are also included in the table.

Table 57 Summary of Needs Assessment Recommendations - Research (NIST, 2016) with
CEUS Priority Added
Rec. Topic CEUS Priority
B1  Gather information on and systematically study the relationships between service Critical (3)
disruptions, and societal impacts and expectations to better understand lifeline system
performance.
B2  Develop and conduct a targeted research program to assess societal expectations Critical (2.5)
associated with lifeline system performance.
B3  Systematically study and compare the array of design approaches and methods for Moderately important
addressing societally-based performance requirements within current codes, standards, (1)
and guidelines for lifeline systems.
B4 Investigate the differential vulnerability among social groups to lifeline system outages. Critical (3)
B5  Systematically collect and review various “proxies” and secondary evidence for societal Important (2)
expectations of lifeline performance and restoration timeframes.
B6  Assess the various lifeline performance programs and practices for public safety and Not reviewed
develop guidance on their application to other critical lifelines, including multiple,
interdependent systems and collocated facilities.
B7  Conduct research on needed service restoration times, including how system operability Critical (3)
as a performance metric supports community resilience.
B8  Study lifeline system operator organizational issues and how they affect community-scale Not reviewed
lifeline performance and resilience planning.
B9  Enhance the understanding of infrastructure-related failures and cascading effects Critical (3)
resulting from low-probability/high-consequence events.
B10  Develop post-disaster data collection protocols to assess lifeline system recovery and Critical (2.5)
restoration timeframes and improve the understanding of restoration processes across
individual and interdependent lifeline systems.
B11  Develop tools to identify interdependent infrastructure systems and services along with Critical (2.5)
their restoration criteria.
B12  Establish procedures to quantify hazards for spatially distributed systems. Repeat of 3 in Table 5-2
B13  Enhance the understanding of lifeline system supply sources and end-point facilities and Critical (2.5)
their role in system performance, restoration, and community and regional recovery with
the goal of improving databases and modeling of such sources and facilities.
B14  Perform studies on changes in water demand considering an array of hazards as well as Moderately important
seasonal and longer-term climate variability, like drought. (1)
B15  Improve knowledge, databases, and modeling for the impact of widespread flooding and Moderately important

storm damage on regional fuel supplies.

(1.5)

Modeling: There is a growing body of modeling methodologies for lifeline infrastructure systems and

their interdependencies that can be leveraged to improve resilience across lifeline infrastructure systems,
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but there are also notable limitations in scope, outputs, integration, and validation that need to be
addressed. Table 5-8 lists the three modeling related recommendations. The priority levels for CEUS, as
determined by Lifelines Track participants, are also included in the table.

Table 5-8 Summary of Needs Assessment Recommendations - Modeling (NIST, 2016) with
CEUS Priority Added

Rec. Topic CEUS Priority
Aggregate the existing suite of infrastructure modeling tools and create a user-friendly Critical (3)
C1 interface so communities can properly assess their lifeline-related system performance

and restoration risks, including uncertainty.

C2 Develop first-generation models and practical tools to analyze community resilience that Critical (3)
account for lifeline system dependencies and interdependencies.

C3 Improve numerical modeling of water and wastewater systems, with emphasis on Not reviewed
validation of models, developing the most effective simulation procedures, and
applications in real systems.

Lifeline Infrastructure System Operations: The study also identifies a number of needs related to
lifeline infrastructure system operations and operational design. These also must be addressed in order to
improve community resilience and bridge the gap between the post-event capabilities of lifeline
infrastructure systems and the societal expectations of their performance and restoration.

Table 5-9 lists the five recommendations. The priority levels for CEUS, as determined by Lifelines Track
participants, are also included in the table.

Table 5-9 Summary of Needs Assessment Recommendations - Lifeline System Operations
(NIST, 2016) with CEUS Priority Added

Rec. Topic CEUS Priority
Develop a process for major utilities to conduct self-assessments of their preparedness Not reviewed
D1 for various natural hazard events, as a basis for prioritizing improvement to system

robustness and post-event response.

D2 Develop guidance for lifeline service providers on how to engage and collaborate with Critical (2.5)
communities, including emergency management agencies and other key community
institutions, in developing resilience strategies and preparing system restoration and
contingency plans.

D3 Develop guidance for local planning (e.g., for fuel delivery to emergency responders and Critical (2.5)
critical infrastructure).

D4 Develop guidance for lifeline service providers to evaluate the effects of system Important (2)
component failures, both in isolation and in combination, and considering upstream and
downstream dependencies.

D5 Design protocols for lifeline service providers, working with emergency management and Not reviewed
other community institutions, to communicate to the public the likely impacts of different
hazard events on service provision and disruption.
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5.1.3 FEMA P-2090/NIST SP-1254, Recommended Options for Improving the Built

Environment for Post-Earthquake Reoccupancy and Functional Recovery Time

This FEMA-NIST report (2021) provides a set of options in the form of recommendations, tasks, and

alternatives for improving the built environment (buildings and lifeline infrastructure systems), which

have been developed and assessed by the Committee of Experts jointly convened by FEMA and NIST.

The report provides a total of 7 recommendations, 17 tasks, and 9 alternatives. Lifeline infrastructure

systems are addressed in the two following recommendations:

Recommendation 1: Develop a Framework for Post-Earthquake Reoccupancy and Functional
Recovery Objectives. A framework for reoccupancy and functional recovery is needed to provide a
national consensus on policies and technical criteria necessary to define what services must be in
place and the design requirements needed for a building or lifeline infrastructure system to be
occupiable or functionally recoverable within a specified timeframe after an earthquake.

Recommendation 4: Design, Upgrade, and Maintain Lifeline Infrastructure Systems to Meet
Recovery-Based Objectives. To improve the performance of lifeline infrastructure systems in a major
earthquake, a recovery-based approach for the design of new systems and the upgrade and
maintenance of existing systems is needed. Because the operation of a lifeline infrastructure system
depends on numerous components, designed and built over time, using a variety of standards,
procedures, and material types, the recovery-based design, upgrade, and maintenance of a system are
combined and considered under a single recommendation.

The following three recommendations covering planning, education, and financing also pertain to lifeline

infrastructure systems:

Recommendation 5: Develop and Implement Pre-Disaster Recovery Planning Focused on Recovery-
Based Objectives. Pre-disaster recovery planning involves making decisions before a disaster about
how a community will recover after a disaster. Pre-disaster recovery planning by federal, state, local,
tribal, and territorial governmental authorities, building owners and managers, and lifeline
infrastructure system owners and operators is needed to improve reoccupancy and functional recovery
times beyond what is achievable by design and construction alone.

Recommendation 6: Provide Education and Outreach to Enhance Awareness and Understanding of
Earthquake Risk and Recovery-Based Objectives. Many people underestimate the risks associated
with earthquakes and do not understand the performance that building codes are intended to provide.
Education and outreach are needed to enhance awareness and understanding of earthquake risk and
recovery-based objectives, and to enable communities to make rational decisions about how the built
environment should be designed and constructed.

Recommendation 7: Facilitate Access to Financial Resources Needed to Achieve Recovery-Based
Objectives. The probability of mitigation increases as the financial resources needed to facilitate
mitigation are created and made available. A shift to focus on recovery-based objectives will cost
money. Those who will bear these costs will need to have access to additional financial resources
needed to make such a shift. Existing mechanisms to facilitate access to financial resources should be
augmented with newly developed and implemented mechanisms.
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Table 5-10 lists the recommendations, tasks, and alternatives. The priority levels for CEUS, as determined
by Lifelines Track participants, are also included in the table.

Table 5-10 Summary of Recommendations, Tasks, and Alternatives Associated with Lifelines
(FEMAJ/NIST, 2021) with CEUS Priority Added
Rec. Task Alt. Lifeline System Operations CEUS Priority

Develop a Framework for Post-Earthquake Reoccupancy and Functional

1 Recovery Objectives
1.1 Develop a Policy for Recovery-Based Objectives Critical (3)
1.2 Develop Design Criteria for Achieving Recovery-Based Objectives Critical (2.5)
1.3 Determine Appropriate Hazard Levels for Recovery-Based Objectives Critical (2.5)
4 Design, Upgrade, and Maintain Lifeline Infrastructure Systems to Meet
Recovery-Based Objectives
4.1 Provide National Guidance on Regulatory Authority Across Lifeline Not reviewed
Infrastructure Sectors
4.2 Evaluate the Ability of Lifeline Infrastructure Systems to Meet Recovery-Based Not reviewed
Objectives
43 Develop National Seismic Design Standards to Meet Recovery-Based Not reviewed
Objectives for Lifeline Infrastructure Systems
4.4 Create Regional Lifelines Councils Critical (3)
4-1  Mandate the Design of New and Upgrade of Existing Lifeline Infrastructure Not reviewed
Systems to Meet Recovery-Based Objectives
4-2  Encourage the Voluntary Design of New and Upgrade of Existing Lifeline Not reviewed
Infrastructure Systems to Meet Recovery-Based Objectives
4-3  Trigger the Upgrade of Existing Lifeline Infrastructure Systems to Meet Not reviewed
Recovery-Based Objectives
5 Develop and Implement Pre-Disaster Recovery Planning Focused on
Recovery-Based Objective
5.1 Develop and Implement Pre-Disaster Recovery Plans Not reviewed
5.2 Create and Promote Seismic Continuity Programs Not reviewed
5.3 Expand and Improve Criteria, Guidelines, and Procedures for Post-Earthquake Not reviewed
Assessments and Evaluations
54 Plan for Sufficient Staffing to Expedite Post-Earthquake Recovery Not reviewed
6 Provide Education and Outreach to Enhance Awareness and
Understanding of Earthquake Risk and Recovery-Based Objectives
6.1 Educate Building and Lifeline Infrastructure System Stakeholders about Not reviewed
Earthquake Risk and Recovery-Based Objectives
6.2 Educate Design and Construction Industry Professionals about Earthquake Not reviewed
Risk and Recovery-Based Objectives
7 Facilitate Access to Financial Resources Needed to Achieve Recovery-
Based Objectives
7.1 Develop and Deploy Pre-Disaster Financial Mechanisms to Achieve Recovery- Not reviewed
Based Objectives
7.2 Develop and Deploy Post-Disaster Financial Mechanisms to Achieve Not reviewed

Recovery-Based Objectives
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5.2 Insufficient Understanding of Social and Economic Consequences from Service
Outage

The social and economic consequences of service outages and long-duration service restoration times are
not well understood and may be devastating and ripple across the United States. The CEUS has specific
problems related to how to address compounding consequences from coincidental and/or sequential
hazards (e.g., unrelated or related multiple hazards that occur during the same disaster, response and
recovery period); damage of their energy infrastructure and potential impact on large populations (in the
Northeastern states) as their energy sources and transmission either originate or pass through seismic
regions; and equity and social justice.

To address this issue, research and analyses should be undertaken to improve the understanding of the
consequences resulting from earthquake-induced lifeline infrastructure systems service outages and how
these systems and their components can be designed and/or upgraded to mitigate social and economic
impacts. Specific studies should address compounding hazard impacts (Project 5.2-A), damage of energy
infrastructure (Project 5.2-B), and social equity (Project 5.2-C).

The envisioned impact of addressing this issue is reduced social and economic seismic risk.

Project 5.2-A  Assess Effect of Compound Climatic and Earthquake Hazards on Services

Description Perform an assessment of lifeline infrastructure system services that are needed during common CEUS
hazards and the consequences from not having those services. Assess how different earthquake
scenarios may impact the provision of these services and identify strategies for mitigating compounding
impacts resulting from climatic hazards occurring concurrent with earthquake recovery (e.g., severe cold

or rain).
Priority level CRITICAL | (3)
Key steps 1. Identify common climatic hazards in different CEUS regions.

2. ldentify the lifeline services needed during these climatic hazards and consequences of not having
the services to different portions of the populations.
3. Assess how earthquakes in the CEUS will damage lifeline systems and impact ability to provide the
needed services.
4. Identify how to mitigate the consequences of service outages through user adaptations, lifeline
system adaptations, and improving the system performance by reducing their fragilities.
Roles Government; University/Research Organizations; Lifelines Organizations
Estimated time More than 5 years
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Project 5.2-B

Assess Regional Consequences of Energy Infrastructure Failure

Description

Priority level

Key steps

Roles
Estimated time

Assess the vulnerability of electric power, natural gas, and oil infrastructure systems to earthquakes in the
CEUS and resulting consequences across the entire CEUS region from potential service outages. The
assessment should include an estimate of the duration to restore the services.

CRITICAL] (3)

1. Identify/update the inventory of electric power, natural gas, and oil infrastructure systems supplying
the CEUS, including their source origination and transmission lines.

2. Assess the earthquake hazard exposure for each of the different energy systems and their fragilities
to the hazards. The earthquake hazards need to include all potential transient and permanent ground
deformations.

3. ldentify the potential for system damages and resulting service outage durations from future
expected earthquake scenarios.

4. Estimate the social and economic consequences across the CEUS from the service outages and
ripple effects across the United States.

5. ldentify potential mitigation options and complete their benefit-cost assessments.

Government; University/ Research Organizations; Lifelines Organizations

More than 5 years

Project 5.2-C

Identify Ways to Ensure Social Equity in Service Restoration

Description

Priority level

Key steps

Roles
Estimated time

Seismic design for new (or enhancement of existing) infrastructure systems needs to include
consideration of equity and social justice. There is an inequity issue in the CEUS on the reliability of
lifeline infrastructure system services to vulnerable populations. Many older communities have much more
fragile infrastructure which will be more severely damaged and take much longer to restore after an
earthquake and can aggravate existing social and economic issues. A study should be undertaken to
identify how to properly design new and mitigate existing lifeline infrastructure systems to ensure equity of
post-earthquake service restoration throughout communities.

IMPORTANT | (2.0)

1. Assess lifeline infrastructure system service needs in communities across a city. It may be best to
select an example city or find generalizations across a number of cities.

2. Identify potential inequity gap by investigating relative fragility of infrastructure serving the
neighborhoods and relative consequences of the service outages to various social classes in a
community.

3. Develop near-term and long-term solutions to mitigating potential inequities in various neighborhoods
including improvement of infrastructure and adaptations that may be useful to close an inequity gap.

Government; University/Research Organizations; Lifelines Organizations

410 5 years
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53 Insufficient Understanding of Risk Posed by Earthquake Hazards and Multi-
Hazards

The CEUS lacks information on some earthquake-related hazards and how they impact lifeline
infrastructure systems; how to synergistically enhance performance of lifeline infrastructure systems for
earthquake while dealing with multiple other hazards; how to design lifeline infrastructure systems for
coincidental and/or sequential hazards, even those hazardous events that may occur infrequently; and how
to address compounding consequences during the same disaster response and recovery period.

To address this issue, research and analyses should be undertaken to improve understanding of the issue
and how lifeline infrastructure systems can be designed for individual hazards and multi-hazards
including the consequences resulting from the design procedure. Methods should be developed for multi-
hazard risk evaluation (Project 5.3-A), landslide risk assessment (Project 5.3-B), and liquefaction risk
assessment (Project 5.3-C). Studies about seismic behavior of localized soils in the CEUS (Project 5.3-
D), carthquake scenarios (Project 5.3-E) and potential impact to navigability of rivers (Project 5.3-F)
should be conducted.

The envisioned impact of addressing this issue is that synergistic designs will be implemented that cost
efficiently mitigate impacts from multiple hazards.

Project 5.3-A  Develop Multi-hazard Evaluation Guideline for Seismic Risk Mitigation

Description Develop a systematic evaluation method to understand and quantify risks and benefits associated with
cross-hazard mitigation in evaluating the business case for earthquake mitigation of lifeline infrastructure
systems.

Priority level (2.5)

Key steps 1. Collect and assess common and best practices, from design, construction, operations, and

maintenance perspectives, for mitigating common, non-seismic risks of lifeline infrastructure systems
in various CEUS regions.

Identify practices that could improve or worsen seismic performance of lifeline infrastructure systems.
Collect and assess common and best practices for seismic risk mitigation of lifeline infrastructure
systems and identify practices that could worsen performance or increase risk exposure of lifeline
infrastructure systems for all other hazards.

4. Develop a multi-hazard evaluation guideline for lifeline system owners so that risks and benefits of
seismic mitigation of lifeline systems relative to other common hazards can be effectively evaluated,
resulting in “do no harm” to performance and recovery of lifeline systems for all other hazards while
improving performance for one hazard.

Roles Government; University/Research Organizations; Lifelines Organizations
Estimated time More than 5 years
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Project 5.3-B

Develop Method to Assess Earthquake-Induced Landslide Risk

Description

Priority level

Key steps

Roles
Estimated time

Earthquake-induced landslides can damage lifeline infrastructure systems locally from the ground
deformation and create debris collected into rivers that flows downstream and causes damage to

downstream communities.

A method is needed to assess the local infrastructure system risks to damage from earthquake-induced
landslides and potential downstream impacts from the mass wasting.

(2.5)

1.

Identify practices that can identify potential earthquake-induced landslides and map out locations and
probabilities of ground movement magnitudes.

Identify potential impacts to lifeline infrastructure systems within or in the vicinity of the potential
landslide locations. Include direct impacts from vulnerable components at the landslide sites and
potential loss of services impacting customers throughout the service area.

Investigate immediate and longer-term impacts from landslides moving into water courses which may
restrict or dam up water flow, result in mass wasting of debris into the water course, and/or result in
debris such as human-made structures and geologic materials deposited into the water course.
Longer-term impacts may result from erosion of the ground over time causing sedimentation issues
in the water courses.

Assess riverine impacts from mass wasting and sedimentation which may change the navigation of
the water course, use of water as an intake for potable water supply, use of water for disposal of
treated wastewater, and potential damage to downstream levees, locks, piers, wharfs, bridge
crossings, or other related issues.

Government; University/Research Organizations; Lifelines Organizations
More than 5 years
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Project 5.3-C  Develop Method to Assess Effects of Liquefaction on Levees and Dams

Description Earthquake-induced liquefaction can severely impact the performance of water retaining levees and
dams, potentially resulting in a catastrophic release of water and longer-term inability to control flooding.
Rivers in the CEUS are managed through a system of levees and dams. Depending on the size of the
dams, they may or may not be regulated. Catastrophic releases of water result in devastating impacts on
downstream communities. Additionally, damage to levees and dams removes the ability to control flooding
even from a normal annual flow, resulting in potential flooding of cities and agricultural lands as well as
loss of navigation capabilities. Systematic methodologies for assessing the risks from liquefaction-induced
damages to dams and levees, incorporating the resulting societal consequences along the rivers, need to
be developed.

Priority level CRITICAL | (3)

Key steps 1. Identify practices that can identify potential earthquake-induced liquefaction and map out locations
and probabilities of damage to levees and dams.

2. ldentify potential impacts from catastrophic releases of water and longer-term inabilities to manage
flooding from annual flows. Include societal impacts that go beyond the immediate damage to the
levees and dams that involve the (a) social and economic consequences to downstream land uses,
(b) inhibiting emergency response and recovery activities in the immediate and short-term aftermath
of the earthquake, and (c) dependencies of other lifeline infrastructure systems (e.g., transportation,
oil and gas pipelines, water intakes, wastewater discharges).

Roles Government; University/Research Organizations; Lifelines Organizations
Estimated time More than 5 years

Project 5.3-D  Characterize Behavior of Specialized Soils

Description The seismic behavior of localized soils in the CEUS are not well understood and need better
characterization to understand how their performance may affect the performance of lifeline infrastructure
systems.

Priority level (2.5)

Key steps 1. Identify soil types unique to the CEUS like varved clay and loess that need improved seismic

behavior characterization.
Investigate existing testing that may help characterize the CEUS soils.
Undertake field and laboratory investigations of the soils, including specialized sampling and testing
methods, to confirm if any existing methodologies can be used to calibrate the soil performance and
if any new methodologies need to be developed to characterize the soils behaviors.

Roles Government; University/Research Organizations; Lifelines Organizations

Estimated time 1to 3 years
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Project 5.3-E

Develop Earthquake Scenarios to Assess Expected Performance

Description

Priority level

Key steps

Roles
Estimated time

CEUS scenario studies are needed with updated data on potential lifelines losses and associated social
and economic impacts. Existing studies are limited to some CEUS high seismic zones and are not
sufficiently comprehensive to fully address the impacts from damage of all lifeline infrastructure systems
and their dependencies and interdependencies.

3)

1. Develop plausible and realistic earthquake rupture scenarios for all significant CEUS seismic zones
incorporating aftershocks and earthquake sequences. The scenarios should include all potential
multi-hazard effects including surface fault rupture, landslide, liquefaction, ground settlement, etc.
Develop and utilize CEUS lifeline infrastructure system component fragilities.

Include expected performance of all lifeline infrastructure system, loss of services and recovery
times, efforts and associated costs to make full repairs, dependencies and interdependencies, and
resulting social and economic impacts from potential service outages, including impact on
downstream communities outside seismic affected area (e.g., impact on northeastern states from oil
pipeline rupture in the New Madrid Seismic Zone).

Government; University/Research Organizations; Lifelines Organizations

More than 5 years

Project 5.3-F

Study Potential Impacts of Earthquakes on Ability to Navigate Rivers

Description

Priority level

Key steps

Roles
Estimated time

Several rivers, including the Mississippi River and Ohio River, are important transportation corridors for
CEUS. Earthquakes can (1) shift and/or damage river channels, obstruct river channels with collapsed
bridges, and damage locks and ports; (2) create debris that falls into rivers causing damage downstream;
and (3) impact the drainage infrastructure for agriculture. Studies are needed to understand how an
earthquake can impact the ability to navigate rivers and identify potential methods for mitigating impacts.

(2.5)

1. Identify all the means by which river navigation may be impacted by earthquake including permanent
ground deformations, long-term sediment erosion, and damage to interdependent infrastructure.

2. |dentify potential mitigation strategies to reduce the navigational impacts.

Government; University/Research Organizations; Lifelines Organizations, Industry

1to 3 years

5.4  Insufficient Understanding of Dependencies and Interdependencies

Lifeline infrastructure systems are interconnected and dependent upon each other (e.g., water system

requiring electric power to operate). The issue becomes more complicated when the systems are

interdependent (e.g., electric power requires water for generation of power while delivery of water

requires power to operate the water pumping station). Dependencies and interdependencies are not well

understood or documented resulting in difficulty for lifelines organizations to fully account for their

impacts on the system post-earthquake performance, especially for emergency response and recovery

(e.g., lack of fuel supplies due to transportation damages exacerbates power outages). Current

methodologies for assessing dependencies and interdependencies are insufficient and difficult to

implement into practice. The continued practice of lifeline infrastructure systems operating in silos

GCR 23-041

5: Topic Area - Lifeline Infrastructure 5-18



inhibits the ability to better understand the existing dependencies and interdependencies, account for them
in system seismic assessments, and mitigate or manage their impacts to minimize potential cascading
effects during recovery.

To address this issue, improved methodologies should be developed for assessing and incorporating
lifeline infrastructure system dependencies and interdependencies into practice. The first step of this
process will be to evaluate the barriers for identifying and mitigating dependencies (Project 5.4-A).
Lessons from the COVID-19 Pandemic will be leveraged (Project 5.4-B), an emergency communications
plan for lifeline infrastructure systems will be developed (Project 5.4-C), and an interdependent socio-
technical digital twin computational models will be created (Project 5.4-D).

The impact of addressing this issue will be improved emergency response and recovery, reduced service
losses from earthquake, and rapid recovery of social and economic activities following earthquakes and
other hazards.

Project 5.4-A  Evaluate Barriers for Identifying and Mitigating Dependencies

Description The project focuses on the identification of barriers that inhibit the identification and mitigation of
dependencies. Barriers may include legal, security, levels of satisfaction, compatibility/interoperability of
platforms, communication, and interaction between agencies, among other things.

Priority level CRITICAL | (3)

Key steps 1. Undertake studies to identify dependencies and interdependencies among lifeline infrastructure
systems and with other societal and economic systems. This should include thorough literature review
to summarize known issues. Interviews with lifeline infrastructure owners and/or operators are
recommended. Example study areas may also be selected to identify how the dependencies and
interdependencies may change by geographical area and hazard types.

2. ldentify the barriers to addressing dependencies and interdependencies.
3. Identify possible solutions to removing the barriers and when they may apply.

Roles Government; University/Research Organizations; Lifelines Organizations

Estimated time 4 10 5 years
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Project 5.4-B Leverage Lessons on Interdependencies Learned from the COVID-19 Pandemic

Description Specific to the COVID pandemic, there is information available on supply chain and work force shortage
disruptions. There are tensions between private sector interests (businesses) and public health interests
(COVID-related), emergency response needs (disaster-related), or individual post-disaster decision-
making (evacuation due to disaster). Studies to investigate and document these issues will improve the
knowledge of certain types of dependencies associated with the planning and operation of lifeline
infrastructure systems during multiple types of hazard strikes. This type of study will highlight the less
studied societal and organizational types of dependencies as opposed to the dependencies related to the
physical infrastructure.

Priority level CRITICAL | (3)

Key steps 1. Perform literature survey and conduct interviews to identify the issues noted in the above description
associated with the COVID-19 pandemic.
2. ldentify lessons learned and effective strategies associated with mitigation of dependencies and
interdependencies.
3. Compile the lessons learned and how they can be used to improve lifeline infrastructure systems
organizational behaviors to reduce dependency and interdependency impacts.
Roles Government; University/Research Organizations; Lifelines Organizations
Estimated time 1to 3 years

Project 5.4-C  Design and Implement Plan for Post-Earthquake Information Infrastructure to
Facilitate Coordination Among Utilities

Description Develop emergency communications plan for lifeline infrastructure systems that may be damaged or non-
functional following an event to speed up emergency response and recovery. Note: This project is related
to Topic 26 in NIST (2014).

Priority level CRITICAL | (2.5)

Key steps 1. Identify dependencies within and among local lifeline infrastructure systems.

2. List the information needed for different systems for them to be able to properly undertake
emergency response operations.

3. Knowing the needs from other lifeline infrastructure systems during emergency response, identify
platforms and options for, and then develop an emergency communications plan useful for
coordination across lifeline infrastructure systems.

Roles Government; University/Research Organizations; Lifelines Organizations
Estimated time 1to 3 years
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Project 5.4-D Create Interdependent Socio-Technical Digital Twin Computational Models

Description A socio-technical digital twin is a computational model that integrates the technical built infrastructure and
the human interaction necessary for providing services to customers. It includes decision-making
processes needed to operate, maintain, and implement post-earthquake repairs and operations. An
interdependent socio-technical digital twin is a computational model that incorporates the dependencies
and interdependencies between lifeline infrastructure systems. This project encourages the development
of multiple models covering the flow and socio-technical aspects of all lifeline infrastructure systems that
can simulate the interaction between all of the systems at the human and built infrastructure levels.

Priority level CRITICAL | (3)

Key steps 1. Develop practical multi-modal computational models using a common platform for all lifeline
infrastructure systems. Models currently exist for all lifeline infrastructure systems so this step may
entail the assurance the models are all able to communicate with each other and provide consistent
input and output. It is important that each model is based on common definitions like functionality and
operability [e.g., one model should not define functionality restored when all repair are made as an
output and another defined as when services are restored to customers (while other repairs are still
being made) as input from the other model]. Inconsistent definitions result in misleading results.

2. Develop models for lifeline infrastructure system that include the required human interaction for
operational purposes and decision making. These types of lifeline infrastructure system models do
not currently exist, at least not at the level needed for the digital twin.

Integrate the models together using a common platform.
Validate the digital twin using ongoing lifeline infrastructure system performance and case studies
from past earthquakes.

Roles Government; University/Research Organizations; Lifelines Organizations

Estimated time More than 5 years

5.5 Need for a National Lifeline Infrastructure System Component Database

Lifeline infrastructure systems are large complex geospatial systems built with different materials and
design specifications as well as specialized components over long periods of time. There is no database
incorporating all the information needed to understand their seismic performance. In many cases, the
lifeline infrastructure system owners and operators do not have complete records of their own assets. The
key information is also limited or non-accessible to researchers who can undertake critical assessments on
the seismic performance.

To address this issue, a national database of lifeline infrastructure system components, including their
connectivity, should be created (Project 5.5-A).

The impact of addressing this issue is that broad-reaching assessments of lifeline infrastructure system
performances in earthquakes and other hazards (i.e., similar to those undertaken by the Mid-America
Earthquake Center) which will inform service providers and users of the potential damages, loss of
services, and the social, economic, and environmental consequences.

GCR 23-041 5: Topic Area - Lifeline Infrastructure 5-21



Project 5.5-A Develop and Maintain a National Lifeline Infrastructure System Component
Database

Description Identify an organization for creating and maintaining a database of national lifeline infrastructure systems
and their components. Undertake research to identify the extent and level of details for the systems and
their components to be included in the database. Leverage the efforts accomplished by the New York
University - Unification for Underground Resilience Measures (NYU-UNUM).

Priority level CRITICAL | (3)

Key steps 1. Identify an organization who will create and maintain the database and be included from the onset of
the project.
2. ldentify the lifeline infrastructure systems in the CEUS to be included in the database. This may start
with regional systems and then incorporate local systems.
Work with the lifeline infrastructure system owners and operators to populate the database.
Develop methods for assuring legal and security matters are managed.
Develop a typology for infrastructure components and their fragilities. Existing typologies can be
drawn upon for this step.
6. Undertake periodic and ongoing efforts to identify and log information on components that do not
have existing records.
Roles Government; University/Research Organizations; Lifelines Organizations
Estimated time More than 5 years
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Chapter 6

Summary Tables

This chapter provides a cost estimate for the recommended projects at the topic area-level and tables that
summarize the issues and recommended projects presented in Chapters 3 to 5. The summary tables are
intended to present the issues and recommended projects such that themes across issues and level of
priorities are easy to retrieve for planning purposes.

A cost estimate to implement all projects in each topic area is provided in Table 6-1. These cost estimates
are based on expenditures for similar projects funded by the Federal Government in the past. It is
estimated that implementation of this program will require up to $42M. It is assumed that experimental
testing is minimal. It is anticipated that NIST will conduct cost estimating exercises as part of the
procurement process to confirm and update the estimates as the program is implemented.

Table 6-1 Cost Estimate for Recommended Projects

Cost estimate

Chapter Topic Area ($ Million)
3 Hazard Characteristics and Design Philosophies 13
4 Buildings 19
5 Lifeline Infrastructure! 10
Total 42

1 Estimate does not include items from the prior reports described in Section 5.1.

Groupings of issues by theme can be generated using Table 6-2, which assigns each issue to one or more
themes. The eight themes are fundamental research, perception of seismic requirements, social impacts,
multi-hazard considerations, enhanced seismic performance, education or training, code development, and
code adoption or enforcement.

Priority levels can be compared across all recommended projects using Tables 6-3 to 6-5, which list all
issues and recommended projects by chapter along with priority, from moderately important to critical.
Table 6-3 covers Chapter 3, Hazard Characteristics and Design Philosophies. Table 6-4 covers Chapter
4, Buildings. Table 6-5 covers Chapter 5, Lifeline Infrastructure. See Section 5.1 for more information
about how priority levels were determined.

GCR 23-041 6: Summary Tables 6-1



Table 6-2

Assignment of Themes to Issues

Section and Issue Title

Fundam.
research

Perception

Social
Impacts

Multi-hazard

Enhanced
Perform.

Education/
Training

Code
Develop.

Code Adopt.
& Enforce.

3.1

Insufficient Accuracy of
Hazard Modelling

v

3.2

Design Motions for Seismic
Safety Based on WUS Hazard

3.3

Insufficient Understanding of
Site Characteristics

3.4

Sensitivity of Seismic Design
Category Thresholds

35

Insufficient Understanding of
Geohazard and Multi-Hazard
Considerations

3.6

Need for CEUS Involvement
in Develop. of Resilience and
FR-based Provisions

4.1

Perception that ASCE/SEI 7
Standard is Complicated
and/or Not Reflective

4.2

Perception that Seismic
Design is Expensive

4.3

Lack of Access to Training
Resources for Engineers

44

Unknown Impact of Delegated
Design on Seismic
Performance
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Table 6-1

Assignment of Themes to Issues (continued)

Section and Issue Title

Fundam.
research

Perception

Social
Impacts

Multi-hazard

Enhanced
Perform

Education/
Training

Code
Develop.

Code Adopt.
& Enforce.

45

Lack of Building Stock
Inventory Data

v

4.6

Lack of Best Practices for
Unique Existing Building
Characteristics

4.7

Perception that ASCE/SEI 41
Standard is Complicated
and/or Not Reflective

4.8

Challenges in Adoption of
Seismic Code Provisions

4.9

Challenges in Seismic Code
Provision Enforcement

4.10

Large Amount of Building
Stock Needing Seismic
Retrofit

5.1

Prioritization of the Prior
Lifeline Infrastructure System
Recommendations

5.2

Insufficient Understanding of
Social & Economic Conseq.
from Service Outage

5.3

Insufficient Understanding of
Risk Posed by Earthquake
Hazards and Multi-Hazards

5.4

Insufficient Understanding of
Dependencies and
Interdependencies

5.5

Need for a National Lifeline
Infrastructure System
Component Database
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Table 6-3

Issues and Recommended Projects: Hazard Characteristics and Design Philosophies

Issue Project

Title

Priority

3.1

Insufficient Accuracy of Hazard Modelling

3.1-A Include Induced Seismicity in Long-Term Hazard Models Important (1.7)
3.1-B Improve Seismic Source Modeling Critical (2.5)
3.1-C Improve Ground Motion Models Critical (2.5)
3.1-D Develop and Implement Maximum Direction Factors Important (1.9)
3.1-E Update the Long Period Parameter Ti and Displacement Spectrum Important (1.9)
3.1-F Improve Hazard Uncertainty Approximation Important (1.8)
3.2 Design Motions for Seismic Safety Based on WUS Hazard
3.2-A Examine Seismic Structural Fragility Relations Critical (2.5)
3.2-B Perform Cost and Benefit Studies Critical (2.5)
3.2-C Determine Vulnerability of Short Period Structures Critical (2.5)
3.2-D Consider Density of Built Environment Important (2.0)
3.2-E Develop Reliability Targets for Existing Structures Important (2.4)
3.3 Insufficient Understanding of Site Characteristics
3.3-A Determine Site Response Analysis Parameters Important (2.2)
3.3-B Develop Guidelines for Site-Specific Response Analysis Important (2.3)
34 Sensitivity of Seismic Design Category Thresholds
3.4-A  Assess Cost of Seismic Design Category Requirements Important (2.0)
3.4-B Review Thresholds for Seismic Design Categories Critical (2.6)
3.4-C Improve Seismic Design Categories Critical (2.5)
3.5 Insufficient Understanding of Geohazard and Multi-Hazard Considerations
3.5-A Study Impact of Environmental Changes on Earthquake Hazard Important (1.7)
3.5-B Study Wave Propagation Demands on Pipelines Important (1.8)
3.5-C Develop Liquefaction Guidelines and Maps Important (2.3)
3.5-D  Compile Geophysical Database Important (2.4)
3.5-E Identify Multi-Hazard and Compounding Event Types Important (2.2)
3.6 Need for CEUS Involvement in Development of Resilience and FR-based Provisions
3.6-A Develop Integrated Seismic Performance Classification System Important (2.0)
3.6-B Develop Seismic Damage Fragility Relations Critical (2.6)
3.6-C  Define Seismic Performance Expectations for Resilience Critical (2.6)
3.6-D Develop Tentative Provisions for Seismic Resilience in the CEUS Critical (2.6)
3.6-E Quantify the Benefits of a Multi-Hazard Approach to FR Critical (2.8)
3.6-F Determine Publication Methodology for FR Provisions Important (2.0, 2.3)
3.6-G Develop Practical Functional Recovery Provisions for CEUS Important (2.3)
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Table 6-4

Issues and Recommended Projects: Buildings

Topic Project Title Priority
4.1 Perception that ASCE/SEI 7 Standard is Complicated and/or Not Reflective
41-A  Conduct a Survey of Engineers about ASCE/SEI 7 Seismic Provisions Important (2.0)
4.1-B Develop Alternative Simplified Procedures Important (2.0)
41-C  Add Missing Buildings Systems and Characteristics Important (2.0)
41-D Review of Use of “R=3" Lateral Systems Important (2.0)
4.2 Perception that Seismic Design is Expensive
4.2-A Study Cost Impact of Seismic Design Provisions Moderately important (1.2)
42-B Determine Cost Impact of SDC Step-functions in Seismic Design Moderately important (1.2)
Provisions
4.3 Lack of Access to Training Resources for Engineers
4.3-A Conduct a Survey of Engineers and Building Officials about Seismic Important (2.2)
Requirements
4.3-B Adapt Existing Guidelines and Training Materials Important (2.2)
43-C Provide Training to Engineers about New Technologies Moderately important (1.3)
4.4 Unknown Impact of Delegated Design on Seismic Performance
4.4-A Conduct a Survey of Engineers about Delegated Design Important (2.0)
44-B Quantify the Impact of Delegated Design on the Expected Seismic Important (2.0)
Performance
4.5 Lack of Building Stock Inventory Data
4.5-A Collect Building Stock Data Moderately important (1.5)
4.5-B Identify Common Building Typologies Critical (2.5)
45-C Conduct Literature Review of Historical Building Codes for Lateral Force ~ Moderately important (1.5)
Design
4.5-D Determine if There is a Disproportionate Seismic Risk to Low Income Important (2.0)
Housing
4.5-E Develop a Strategy to Mitigate the Disproportionate Seismic Risk to the Important (2.0)
Housing Stock in Low Income Areas
4.6 Lack of Best Practices for CEUS-Specific Existing Building Characteristics
4.6-A Develop a Framework for Party Wall Buildings Critical (2.5)
4.6-B Develop a Framework for Construction in Adjacent Buildings Critical (2.5)
4.6-C Develop a Framework for Seismic Alterations on Multi-tenant Buildings Critical (2.5)
4.6-D  Account for Effect of Material Degradation Important (2.0)
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Table 6-4 Issues and Recommended Projects: Buildings (continued)
Topic Project Title Priority
4.7 Perception that ASCE/SEI 41 Standard is Complicated and/or Not Reflective
47-A  Add Vulnerable Building Types Not Currently Represented Critical (2.6)
4.7-B Determine Benchmark Buildings Important (2.2)
4.7-C Improve Representation of Typical Material Properties Important (2.0)
4.7-D Develop Simplified Method for Use on Small Projects Critical (2.7)
4.8 Challenges in Adoption of Seismic Code Provisions
4.8-A Identify Jurisdictions that Adopt and Enforce Building Codes Important (2.1)
4.8-B Form Regional Coalition to Support Code Adoption Important (2.1)
4.8-C Evaluate Residential Seismic Provisions Important (1.8)
4.8-D Survey Contractors and Owners about Resistance to Seismic Provisions Important (2.4)
49 Challenges in Seismic Code Provision Enforcement
49-A  Conduct a Survey of Building Officials about Qualifications Critical (2.6)
4.9-B Provide Training to Code Officials about Critical Seismic Features Important (2.1)
49-C Conduct a Survey of Building Officials about Enforcement Important (2.4)
49-D Provide Training to Engineers and Code Officials about Masonry Grout Important (1.7)
49-E Improve Nonstructural Component Seismic Anchorage Critical (2.5)
410 Large Amount of Building Stock Needing Seismic Retrofit
410-A  Respond to the Prevalence of Pre-seismic Buildings Important (2.3)
410-B Increase Prevalence of Voluntary Seismic Retrofits Important (1.7)
410-C  Improve Mandatory Seismic Retrofits Important (2.3)
410-D Increase Retrofit of Potential Falling Hazards Important (2.4)
410-E  Conduct Cost-Benefit Studies for Seismic Retrofits Important (2.2)
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Table 6-5 Issues and Recommended Projects: Lifeline Infrastructure
Topic  Project Title Priority
5.1 Prior Lifeline Infrastructure System Recommendations
N/A NIST GCR 14-917-33, Earthquake-Resilient Lifelines: NEHRP Research, See 5.1.1
Development, and Implementation Roadmap
N/A NIST GCR 16-917-39, Critical Assessment of Lifeline System Performance: See 5.1.2
Understanding Societal Needs in Disaster Recovery
N/A FEMA P-2090/NIST SP-1254, Recommended Options for Improving the Built See 5.1.3
Environment for Post-Earthquake Reoccupancy and Functional Recovery Time
5.2 Insufficient Understanding of Social and Economic Consequences from Service Outage
52-A  Assess Effect of Compound Climatic and Earthquake Hazards on Services Critical (3)
5.2-B Assess Regional Consequences of Energy Infrastructure Failure Critical (3)
5.2-C Identify Ways to Ensure Social Equity in Service Restoration Important (2)
5.3 Insufficient Understanding of Risk Posed by Earthquake Hazards and Multi-Hazards
5.3-A Develop Multi-hazard Evaluation Guideline for Seismic Risk Mitigation Critical (2.5)
5.3-B Develop Method to Assess Earthquake-Induced Landslide Risk Critical (2.5)
5.3-C Develop Method to Assess Effects of Liquefaction on Levees and Dams Critical (3)
53-D  Characterize Behavior of Specialized Soils Critical (2.5)
5.3-E Develop Earthquake Scenarios to Assess Expected Performance Critical (3)
5.3-F Study Potential Impacts of Earthquakes on Ability to Navigate Rivers Critical (2.5)
5.4 Insufficient Understanding of Dependencies and Interdependencies
54-A Evaluate Barriers for Identifying and Mitigating Dependencies Critical (3)
54-B Leverage Lessons on Interdependencies Learned from the COVID-19 Critical (3)
Pandemic
54-C Design and Implement Plan for Post-Earthquake Information Infrastructure to Critical (2.5)
Facilitate Coordination Among Utilities
54-D Create Interdependent Socio-Technical Digital Twin Computational Models Critical (3)
5.5 Need for a National Lifeline Infrastructure System Component Database
5.5-A Develop and Maintain a National Lifeline Infrastructure System Component Critical (3)
Database
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Appendix A

Workshop Agenda

Workshop Objectives:

ATC-NIST Workshop on
Seismic Practice Needs for Buildings and Lifeline Infrastructure
Located in the Central and Eastern United States (CEUS)

Sheraton

October 17-18, 2022
Charlotte Airport Hotel, Ballroom AB

e [dentify problems with current seismic design practices as applied to new buildings, existing
buildings, and lifeline infrastructure in the CEUS.

e Identify differences in regional construction types and construction methods for new and existing
buildings and lifeline infrastructure systems in the CEUS.

. Consider a balance between technical and social needs, and economic costs and benefits.

e Develop a list of research and practice needs, describe potential research tasks and their expected
impacts, estimate time and effort, and prioritize recommendations.

DAY 1 AGENDA: Monday, October 17
Registration and refreshments starting at 12:30pm
Technical program: 1:00pm — 5:30pm
Time Group Location Subject
12:30pm Ballroom AB Registration and light refreshments
1:00pm  Plenary Ballroom AB Welcome (ATC)
(20 min)

e Introductory Remarks (NIST)

* Workshop Agenda and Objective (E. Guglielmo)
1:20pm Plenary Ballroom AB Brief overview of current state of practice and known issues
(60 min)

¢ Buildings (N. Gould, J. Furr, K. Rubenacker)

+ Lifelines (K. Yu, C. Davis)
2:20pm L5 min break (light refreshments)

Hazard Characteristics and Design Philosophy Session
2:35pm Plenary ~ Ballroom AB Presentations
(90 min) _

* Hazard (S. Rezaeian, J. Stewart, O. Boyd)

¢ Design Philosophy (J. Harris, N. Luco, S. Pezeshk)
4:05pm  Breakout Ballroom AB, Guided discussions
(60 min) Degaulle,

Heathrow
5:05pm Plenary Ballroom AB Report out: Issues/research tasks (E. Guglielmo)
(20 min)
5:25pm Plenary Ballroom AB Day 1 closing remarks (E. Guglielmo)
(5 min)
5:30pm Adjourn for the day

(Flip page for Day 2)
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DAY 2 AGENDA: Tuesday, October 18
Light breakfast available at 7:30am
Technical program: 8:00am — 4:00pm
Start Group Location | Subject
7:30am  N/A Ballroom | Beverages und light refreshments available
AB

8:00am Plenary Ballroom | Welcome (ATC)
(15 min) AB

e Agenda review (Day 2) (E. Guglielmo)

e Setting the stage for breakout discussions (E. Guglielmo)
8:15am 5 min break (go to track}

Buildings Track Lifelines Track
Location: Ballroom AB Location: Degaulle/Heathrow
(J. Furr, N. Gould, K. Rubenacker) (K. Yu, C. Davis)
8:20am  Full track | Building topic session #1 presentation | Lifeline topic session #1 presentation
(15 min)
8:35am  Breakouts | Guided discussions Guided discussions
(55 min)
9:30am  Full track | Report out: Issues/tasks Report out: Issues/tasks
(20 min)
9:50am 20 min break (fight refreshments)
10:10am  Full track | Building topic session #2 presentation | Lifeline topic session #2 presentation
(15 min)
10:25am  Breakouts | Guided discussions Guided discussions
(55 min)
11:20am  Full track | Report out: Issues/tasks Report out: lssues/tasks
(20 min)
11:40am Lunch in Junior Ballroom
12:40pm  Full track | Building topic session #3 presentation | Lifeline topic session #3 presentation
(15 min)
12:55pm  Breakouts | Guided discussions Guided discussions
(60 min)
1:55pm  Full track | Report out: Tssues/tasks Report out: Tssues/tasks
(20 min)
2:15pm 20 min break (light refreshments)
2:35pm Full track | Prioritization Prioritization
(55 min)
3:30pm 5 min break (go to plenary)
3:35pm Plenary Ballroom | Closing remarks
(25 min) AB
4:00pm Adjourn workshop
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Appendix B

B.1

B.2

B.3

B4

B.5

B.5.1

B.5.1

Workshop Presentations

Day 1 Opening Plenary Session

Welcome, JON HEINEZ.........cccoovvveiiiii ettt e e e e et e e e e e s e eaaaneees B-1
Workshop Agenda and Objective, Emily Guglielmo ..........ccccoeevviviiiiiieiiiiiecie e B-3
Brief Overview: Buildings, Nathan Gould, Julie Furr, Karl Rubenacker ..............cccoccvevirninnenne B-4
Brief Overview: Lifelines, Kent Yu, Craig Davis .......ccccccoeeveriieriinienienieeie e B-11

Hazard Characteristics and Design Philosophy Plenary Session

222 (70 /7 T2 Vo o 0 5 F: Ve o TSP B-17
CEUS Seismic Sources and Ground Motion Models in USGS NSHMs, Sanaz Rezaeian.......... B-18
CEUS Site Effects & Geohazards, Jonathan SteWart .............cccceeveerieeriieniieniieeneeseeree e B-22
Gulf/Atlantic Coastal Plain Amplifications, Oliver BOYd..........ccccevvviiviiiiiiieiicceecieeieeneee, B-25
CEUS vs WUS Hazard Curves, Spectral Shapes, SDCs & T, James R. Harris........................ B-32
Different Risk Targets for CEUS, NICO LUCO .....cccovvvriiriiiiieiieiienieesee et B-35
CEUS MaxDirection vs WUS & TL, Shahram PezeShK ...........ccoovvvvviiiiiiiiiiiiieiieeeeeeeeeeaen B-37

Day 1 Closing Plenary Session

Questions to Ponder, JON HEINIZ .........cccooovviieiiiiiiiicieee ettt e B-41

Day 2 Opening Plenary Session
Setting the State for Breakout Discussions, Emily Guglielmo ..........cccccceevieiiiiciieieeciieniieienn, B-42

Parallel Track Sessions

Buildings Track

Breakout Session 1: Code Implementation, Nathan Gould and Julie Furr ...........cccoccvevvennenee. B-43
Breakout Session 2: Gaps in the Current Code, Karl Rubenacker and Julie Furr..................... B-45
Breakout Session 3: Existing Buildings, Karl Rubenacker and Nathan Gould.......................... B-47

Lifeline Infrastructure Track

Breakout Session 1: Societal Expectations, Louise Comfort, Kent Yu, and Craig Davis ........ B-49
Breakout Session 2: Multi-hazards, Craig Davis ........cccccveeierienienieiie e B-53
Breakout Session 3: Dependencies, KENt Yl.......ccooccvecuieeiieiiienienienie e sie et sae s B-56
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ATC-NIST Workshop on
Seismic Practice Needs for
Buildings and Lifeline Infrastructure
Located in the Central and Eastern United States
(CEUS)

October 17-18, 2022
Charlotte, North Carclina

Workshop Context

= Who are we?
— NIST-funded ATC-156 Project on Seismic Practice Needs in
the CEUS
= Who are you?
— Participants from practice, research, code development, and
government
— Representing a range of disciplines
— From across the Central and Eastern United States

Weicome!
1 2
Workshop Context Workshop Context
= Workshop Objectives = Workshop Qutcomes
— Identify problems with current seismic design practice in the — NIST report to published in early 2023
CEUS. — To be used by NIST as guide for future
— Develop a prioritized list of research and practice needs and research and funding
describe potential projects to address those needs. — Will be released publicly as a
reference for others to consider in
their own research and funding
... not solving any problems today! priorities
...staying focused on the CEUS! L
3 4
Logistics Introductions
Heathrow/ DeGaulle:
azard breakouts (Day
= QOver the Bathroom :I.\hﬂ.ﬁmeh Trn(.k‘(éiy‘})l)
next day
and a half Tuesday Bathroom
Lunch Ballroom A/B:
Plenaries (both days),
Hazard breakouts (Day 1},
o B L and Buildings Tracl (Day 2)
i - ._:,_ ,\j av Harris Emily Guglielmo
ﬁ You are here Acting NEHRP Director Chair of the ATC-156 Praject Steering Committee
Research Structural Engineer, NIST Frincipal, Martin/Martin Consulting Enginesrs
5 6
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Jim Harris,
Ground Motions, Hazards
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Ground Motions, Hazards
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impacts, estimate time and effort, and prioritize recommendations
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Key Reminders

* Identify issues... not

solve them!

* Central-Eastern US

Seismic specific.
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Current Issues Impacting the Seismic Design
and Construction of Buildings in the CEUS

Julie Furr, PE.
Nathan Gould, D.Sc., PE., S.E.
Karl Rubenacker, P.E., S.E., CWI, F.SEI

October 17, 2022
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Topics

1. Central and Eastern US Seismicity
2. Evolution of Seismic Design in the CEUS
3. Impediments to CEUS Seismic Requirements
4. Breakout Sessions
a. Implementation of Current Seismic Code Provisions
b. Seismic Codes: CEUS Design and Construction
c. Existing CEUS Building Stock

...Functional Recavery...
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Central and Eastern US Seismicity New Madrid Seismic Zone
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New Madrid Seismic Zone

The 1811-1812 New
Madrid sequence
consisted of three
large earthquakes:
* M~7.50n
December 16, 1811
= M~7.3aon
January 23, 1812
M~7.5 on
February 7, 1812

B S T ey

“g'__?\r%.;'fa ,n_m[\ : ll 5 ..
e . ‘ i
A — |

GCR 23-041

B: Workshop Presentations B-4



1 ¥0-€2° 409" 1SIN/8209°01/610°10p//:sdpy :wioly 8b1eyd jo aaly s|qe|ieAe s| uoneslgnd siy |

1886 Charleston Earthquake

Northeastern US Seismicity

Northeastern US Seismicity

Sguifcan Eathquskes Ocaurng
n Northassisrn US and Adjacses Canaca

Evolution of Seismic Design in the CEUS

Future —
Development

You have to understand how\ —
you got to where you are to
avoid going in circles....

10

Evolution of Building Codes

= The First Code...
+ King Hammurabi (c. 1810-BC —c.
1750 BC)

+ The sixth king of the First Babylonian
Dynasty

+ The Code of Hammurabi:

+ 282 rules that set standards for
commercial interactions and set fines
and punishments

+ Carved onto a black stone pillar: single
4 ton slab of dicrite

Evolution of Building Codes

= SBC, BOCA,UBC Legacy Codes
« SBC: Standard Building Code
+  First published 1946
Last published 1999
Primarily adopted by Southeast US cities
+  UBC: Uniform Building Code
+  First published 1827
Last published 1997
Primarily adopted by West and North Central US cities
+ BOCA NBC: BOCA National Building Code
First published in 1975
Last published in 1999
+  Primarily adepted by North Central and Morth East US cities

12
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Evolution of Seismic Design in the CEUS

= Seismic design was not required in CEUS
regional codes until:

— 1987 BOCA National Building Code
— 1994 Standard Building Code
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Legacy Building Codes

= Based on Aa and Av
maps first introduced in
the 1978 Tenfative
Provisions for the
Devefopment of
Sefsmic Regulations for
Buildings, also known
as ATC 3-06

1994 UBC Seismic Zones (USGS)

e —— |
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Project ‘97 Evolution

= Project '97 (collaboration
between NEHRP
members and USGS)
Changed the seismic
design maps from a
nominal hazard level of
10% probability of
exceedance in 50 years
to 2%-in-50-year ground

w motions
1997 NEHRP Provisions 1-sec 84
{USGS)

Evolution of Building Codes

IBC: International Building

Code

First published in 2000

* ICC established in 1984 by

- BOCA: Building Officials and
Code Administrators
International, Inc.

= ICBO: International Cenference
of Building Officials

= SBCCI: Southern Building Code
Congress International, Inc.

| |nternationd!
Building
Code

16

Current Practice in CEUS

= ASCE7-16
. (Figure 22-1 shown) Risk-
Targeted Maximum
Considered Earthguake
(MCEg) Ground Motion

0.2 sec Spectral Response
Acceleration (5% of Critical
Damping), Site Class B

Figure 22-2 provides
similar information for 1.0
sec Spectral Response
Acceleration

Evolution of Seismic Design in the CEUS

5 Jurisdictional
{

\aequimmns 8
Model Building _ @
. G =
' \ |
re -
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Evolution of Seismic Design in the CEUS

Evolution of Seismic Design in the CEUS

N g LOCAL AMENDMENTS - Residential
= States/Counties/Cities
. i i = Tennessee
States can adopt their own cedes without Federal Interference — West Tennessee IRC amendment replaces all IRC seismic provisions
* Not all states have a state wide building code s s bl cansicensdiak st El i ghtincw

Mississippi
— Morth MS counties have adopted iWest TN IRC amendment
North Carolina

+ States can have a state wide

s i — 13 Counties assigned ta SDC C. All sthers are SDC A or B.

building code with smaller - IRC only applies to townhouses in SDC C

exempt jurisdictions that adopt — All onie and two family structures are exempt from seismic provisions.
3 ¥ — Deleted and replaced with their own version:

their own codes like Tennessee

= Al bracing tables, secfians applying to DO, D, or D2, and cannaction sections in

— Delefed all cold formed steel provisions

e —— |
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Evolution of Seismic Design in the CEUS

Evolution of Seismic Design in the CEUS
LOCAL AMENDMENTS - Existing

LOCAL AMENDMENTS - Residential
= South Carolina = South Carolina
— Recent formal recommendations to the State:

Implement 2018 IRG SDG maps where SDC will reduce - Eliminated site specific study requirement for
i 5618 i specific short period structures

- SS?S 2015 IRC SDC maps where SDC will increase in — Reinstated 2012 Chapter 34 in lieu of IEBC

+ Replace SDC E with SDC D, T KEMUCky_ ) )
* Perform additional research on PSHA maps to develop - State wide ground motion values assigned by
4 slate map county (less than USGS)
— Add time-dependent branches back in the ground mation o
— Perform additional research to investigate the evidence that L Georgla
the magnitude of the 1885 earthquake may have been

significartly smaller that currently assumed in USGS — Reinstated 2012 Chapter 34 in lieu of IEBC
- Determine more accurate site factors across the state

_oc NS
21

I — ]
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Evolution of Seismic Design in the CEUS

LOCAL AMENDMENTS - Commercial

Evolution of Seismic Design in the CEUS

STEEL MOMENT FRAME STRUCTURE
= Arkansas
= Arkansas
— Exempt from seismic requirements (1999):
» wood or metal constructed business occupancies of Moment Frame System: OMF {SBC), IMF {IBC)
4,000 5f or 155
= business occupancy < 40
» mercantile occupancy < 100

Basic Assumptions

30' Tall Structure

1BC 2012 vs. SBC 1999 Design Base Shears
= Storage occupancy 1997/1999 SBC IBC 2012 (ASCE 7-10)
- Reduced seismic requirements (2018) T av | Aa | Cs Wb{ibs)] Sds | sd1 | cs |vbibs]
= Category | and II: industrial, manufacturing, public
works zone 1 (Little Rock) | 0.100] 0.050| 0.028 2,800 | 0.399) 0.234] 0.089| 8,900 | 31%
= Seismic base shear shall not be less than 1287 SBC izone 2 (Forrest City) | 0.200] 0.100]0.056| 5,600 | 0.754] 0.411) 0.168| 16,800 33%
+ ~30%-50%
30%-50% of tne ASCE 7 base shear zone 3 lonesboro) | 0.300] 0.200] 0.111 | 11,100| 0.955] 0.501] 0.212| 21,200| 525

T —————_ |
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Evolution of Seismic Design in the CEUS

Now that you understand codes...

...what's next?

N —— . |
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The “Path” to the Seismic Maps

The International
Building Code is
Typically Adopted
by a Governing
Body (State, City,
etc.)

ASCE 7 is Directly
Referenced by the
IBC. Referenced
version can be an
issue for Designers

I — . |
26

Impediments to CEUS Seismic Design

1. Societal Expectation

+ Relative Rarity of EQ's, Cost
2. Regulatory Environment/Building Codes
3. Engineering Knowledge

4. Construction Practice

N —— |
27

Major Building Renovations

Are |EBC seismic “triggers” being
censidered for major renovation projects?

What About CEUS Seismic Deserves Study?

1. Understand the Threat Better?
2. Understand the Risk Better?
< Fragility of Building Types

« Quantity of People Exposed, how & in Future
3. How to Reduce the Risk?
* Methodology and Utility of Seismic Upgrades

4. What is Target Timeline to Reach an “Acceptable” Hazard?

I —————— |
29

CEUS Bundmg Typologles
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Typologles in Multlple Locatlons
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Block, Neighborhood Typologies

Building Breakout Sessions

1. Implementation of Current Seismic Code Provisions
2. Seismic Codes: CEUS Design and Construction
3. Existing CEUS Building Stock

...Functional Recovery...

Breakout Session

1. Implementation of Current Seismic Code Provisions

< Are the latest “I" codes, and related seismic provisions, being
fully adopted in the seismic regicns of the CEUS?

+ What challenges in the CEUS inhibit full (seismic) code
adoption?

+ How do “typical” design firms implement provisions?

« Are the seismic provisions and requirements being enforced
by the AHJs?

I ————— |
35

Breakout Session

2. Seismic Codes and CEUS Design and Construction

« Do the seismic codes and provisions adeguately represent
the CEUS design and censtruction practices?

+  What types of design (or delegated design} are prominent in
the CEUS that might not be adequately addressed by
current codes?

+ Are there design/construction practices in the CEUS, such
as delegated design, that inhibit good seismic design?

« Are there materials or construction types in the CEUS that
should be better addressed?

I ———— ..
36
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Breakout Session Sub Topic
3. Existing CEUS Building Stock Functional Recovery (touch on in each Breakout)

- Are we confident that we understand the vulnerabilities of = Whatis it and is it something that is discussed in the CEUS
existing CEUS building typologies? AJE community?

+ Are existing buildings being seismically upgraded during + Do you believe that your jurisdictions would be open to the
maijor building renovations and/or alternations? If not, why? concept of Functional Recovery?

- Should alterations/upgrades to existing building achieve * Have recent catastrophic natural hazard events increased
similar seismic reliability as new buildings? the awareness of need to design beyond life safety?

+ s there a higher seismic risk in existing housing stock in + How could the concept of Functional Recovery be better
economically disadvantaged communities in CEUS cities? presented to the CEUS A/E community?

37 38
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Lifeline Infrastructure Systems

Craig Davis, PhD, PE, GE
Kent Yu, PhD, PE, SE
October 17, 2022

Lifeline Infrastructure Systems

LIFELINE EARTHGUAKE

STATE OF TENNESSEE
HAZARD MITIGATION PLAN

Crude Oil/Petroleum Product Pipelines

Lifeline Infrastructure Systems

= Infrastructure Systems = the physical and organizational
structures needed for the operation of a society or
enterprise
= Lifeline Infrastructure Systems:
— Electric Power
— Gas and Liquid Fuels
— Transportation
— Water & Wastewater (storm water)
— Communication
— Solid Waste

Lifeline Infrastructure Systems Overview
= Large geographically distributed systems
— Some cover multiple regions, states, or countries
= Made of numerous interlinked specialized components
— Designed & built over long timeframes
= Interdependent & Co-located
— Performance of one affects the others

— Proximity means failure of ene can result in unintended
damage to others

= Systems need intimate coordination
— Yet tend to operate in silos

System of Systems & Services for Services

Lifelines are systems within broader technical and social systems

All Lifelines provide services

Lifeline systems are made up of subsystems

— All must coordinate to provide services to end users

Each subsystem provides services used by other subsystems

— Subsystems may be owned and operated by different entities {public and private)

/4 J—
P sueely D Treaiment ) Transmission J

Customer/User
CouasyLACHT

I — ]
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System of Systems & Services for Services

= The systems provide services for customers to use
— Custemers include other lifeline infrastructure systems

= Lifeline system service combinations are used to provide
other societal services

Earthquake Effects — Strong Shaking

mwm% .
TR — TT
7 8
Earthquake Effects — Surface Fault Earthquake Effects - Liquefaction
E ﬁ E LATERAL SFREAD
strike-slip normal (nr:’“';"::t) m
9 10

Earthquake Effects - Liquefaction

Earthquake Effects - Landslides
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Lifeline Infrastructure Systems Overview

= Failures in a single system can cause
— Cascading failures in other systems
— Public health and safety concerns
= Flooding
= Explosion
= Fire
= Electrocution
= Contaminated water
= Blocking mobility or communication

= Wide loss of services < -
Photo: Balboa Blvd. 1994 Northridge Earthguake,
damages to multiple lifelines (road, water, gas,

alectric power) - cascading failures and hazards

T — |
13

Lifeline System Services

= Need to recognize that not all lifeline infrastructure systems
are used for a single purpose. Each may also provide differen
levels and types of service.

For example

= A single water system can be used to provide water for
irrigation, sanitation, fire fighting, human consumption, and
other purposes.

Recognizing the multiple service categories lifelines systems

provide is critical for addressing their importance for supporting

community resilience

T ——— |
14

History of Lifeline Earthquake Engineering

2021 is the 50-year anniversary of Lifeline Earthquake Engineering

On February 9, 1971 a M6.6 earthquake struck the northern San
Fernando Valley.

Damage was wide-spread in Los Angeles and nearby cities
— Schools

— Hospitals
—Homes

— Other buildings

— Al lifeline systems

15

San Fernando Earthquake - Lifeline Systems

Scarp at Foothill Nursing

Fault rupture in Interstate 210 — Caltrans

photo Home — USGS Photo
16

San Fernando Earthquake - Lifeline Systems

Upper San Fernando Dam showing movement  Lower San Fernando Dam — remains of crest
of parapet wall — LADWP photo after upstream slope failure — LADWP photo

17

S8an Fernando Earthquake - Lifeline Systems

Damaged Section of the 49.5 inch diameter
Granada Trunkline in the Utility Corridor —
LADWP pheto

Buckle in the 2- million gallon Sesnon Tan
where steel plate thickness changed from
9/16-inch to 7/16-inch - LADWP photo

18
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San Fernando Earthquake — Lifeline Systems

Damaged Power Equipment at Sylmar Switching Station —
LADWP photos

N —— . |
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San Fernando Earthquake — Lifeline Systems

Gas pipe taken from the shear-thrust zone across Glenoaks

Boulevard — USGS ihom

20

San Fernando Earthquake — Lifeline Systems

GTE (General Telephone) CO sustained extensive damage to the equipment
— Photos courtesy Alex Tang

T

transfer to San Fernando

I —— |
21

San Fernando Earthquake — Lifeline Systems

Displaced Scuthemn Pacific Railroad tracks
near Los Angeles Coumy Juvenile Hall. —
USGS Phota

Highway Bridge Collapse — Caltrans Photo

22

History of Lifeline Earthquake Engineering

= ASCE TCLEE (now part of ASCE Infrastructure Resilience Division)
— pioneered the development of lifeline earthguake engineering
— Post-earthquake investigations
— Best practices, guidelines, standards

= From onset Lifelines recognized the need for rapid return to service
in order support the community.
— Many lifeline systems have been addressing engineering resilience

History of Lifeline Earthquake Engineering

e

ssTIR ST

E5C PROURAM 01 MPROTES
SERANC SAFETY PROVISIDNS.

before we understood it by this term
— Significant progress has been made, but nct nearly enough — much [ 19 s
remains o be done | N
N ——— | I — .|
23 24
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Lifeline System Earthquake Damage

uieline syst. o7

25

Lifeline System Earthquake Damage

= Lifeline service losses threatens livelihoed and inhibits the
providing of other societal services

= Timely restoration of lifeline services is critical to emergency
response and community recovery — defining the need for
resilient infrastructure systems

= The disaster resilience of a community is completely
linked to the resilience of lifeline systems

T — . |
26

System of Systems & Services for Services

= Social/economic needs of community after a disaster
drive infrastructure performance requirements

Transportation

NEHRP-Sponsored Lifeline Research

wsTac s

m bty T —
- - ot
e Ao e

R

e
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Recommended Options for
Improving the Built Environment
for Post-Earthquake Reoccupancy
and Functional Recovery Time

= st i Q et S ———

Erva e Lo

I —————— ...
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NIST GCR 14-917-33 Lifelines Roadmap

= 28 research, development and

;  implementation topics, grouped in 4 program

elements.

— Element |. Establish national lifeline system performance
and restoration goals

— Element Il. Develop lifeline system specific performance
manuals, guidelines, standards, and codes

— Element Ill. Conduct problem focused research for
various lifeline systems

— Element IV. Enable the adoption and implementation of
lifeline system performance goals and standards

I —————— |
29

NIST GCR 16-917-39 Societal Expectations

= To understand societal needs during recovery

Jm— = 33 recommendations in 4 areas.
ﬁ 3 — A Lifeline Codes, Standards, and Guidelines
- B. Research
S — C. Modeling
— D. Lifeline Infrastructure System Operations

30
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NIST SP-1254 Functional Recovery

= 5 recommendations for Lifelines

— 1. Develop a Framework for Post-Earthquake Reoccupancy
and Functional Recovery Objectives

— 4. Design, Upgrade, and Maintain Lifeline Infrastructure
Systems to Meet Recovery-Based Objectives

— 5. Develop and Implement Pre-Disaster Recovery Planning
Focused on Recovery-Based Objectives

— 6. Provide Education and Outreach to Enhance Awareness
Understanding of Earthquake Risk and Recovery-Based
Objectives

— 7. Facilitate Access to Financial Resources Needed to
Achieve Recovery-Based Objectives

31

Lifelines Track - Breakout Sessions

= Breakout Session#3 — Dependencies and Potential Impact
on Response and Recovery

— Commonalities between Earthquake and Other Hazards

— Status of Coordination among Sectors

— Issues and Barriers for [dentifying and Mitigation Dependencies
= Breakout Session#4 - Prioritization of Recommendations

— NIST Roadmap (2014)

— NIST Societal Expectation (2016)

— FEMA-NIST Functicnal Recovery {2021)

— Additional Recommendations from This Workshop for CEUS

33

Lifelines Track - Breakout Sessions

= Breakout Session#1 — Overview of Anticipated Performance of
Lifeline Systems in New Madrid Region

— Recovery of Lifeline Systems for Non-Seismic Events
- Societal Expectation for Seismic Event
= Breakout Session#2 — Multi-Hazard Approach to Improve
Lifeline System Performance
— Compounding and Cascading Effects
— Synergies for Addressing Earthquake and Other Hazards
— Barriers for Addressing Earthquake Hazard
= Breakout Session#2 — Analysis, Design, Codes, Standards
— How to achieve the provision of services when needed

32
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Introduction to Hazard
and Design Philosophy Issues

Jim Harris
October 17, 2022

CEUS Ground Motion Hazards

= Historically low frequency of occurrence
— Less confidence in the hazard modeling — higher uncertainty

— What are the implications for existing structures — not the same as
Califernia

= Significant portion of the hazard in most areas is from relatively
low magnitude event located close to the site
— Is our design response spectrum appropriate?
— Are our design parameters (R factors) appropriate?

= Middle Mississippi Valley hazard of a “swarm” of large events
— Are our design parameters and damage control provisions good

enough?
1. 2
1] H L] H =
Design” ground motion for damage? Look at spectral shape for design
"Hazard for Site Class €, 52 0.2 see
3 Anaheim - Site C- 2500 yr UHS v MCE, Memphis - Site C- 2500 yr UHS v MCE,,
25 25 15
"Design” MRI: i 2
= - San Francisco = 350 years 2 g
5 2
E Charleston = 1720 years o H
H 2 &
1032 04 GE O I L2 1426 LH 2 4323 2% R 3 il € G204 0E B L 22 24 1622 1 2224 46 25 3
1 01 061 ose1 a0t Period, secads Perod, seconds
Annus! frequenty of exceedsnce
—2475 —Charleston —SanFrancises » SFMCER  ® C MCER  —SF Deeisn —C Design =——UH5 ===MCEr =—UHS == =MCEr
3 4
Agenda

= Sanaz Rezaeian, USGS on NSHM

= Jon Stewart, UCLA on Site Effects & Geohazards

= Oliver Boyd, USGS on Coastal Plain Amplifications

= Jim Harris, J R Harris & Co on Design Philosophy

= Nicholas Luco, USGS on Risk Targets for CEUS

= Shahram Pezeshk, U Memphis en Max Direction & T

GCR 23-041
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CEUS Seismic Hazard in USGS Models

Sanaz Rezaeian, Ph.D. ZUSG! o
Research Structural Enginger e [ ]
U S Geolagical Survey [USGS), Golden, CO

With thanks to:
Allison M. Shumway
Mark D. Petersen

ZUSGS

ey

Outline:

1. Boundary betwsen the central and eastern U.S. (CEUS) & the western U.S, (WUS)

2. Seismic source modsls in the CEUS
* Faults + areafzone souress + background/gridded seismiciy
+ Induced seismicity
3. Ground motion models (GMM) in the CEUS
- Epistamic uncartainty in GEUS (14 Updated Seed + 17 NGA-East GMMs)
+ Aleatory variability in OEUS
* CEUS site effects mode|

National Seismic Hazard Model {NSHM} Development:

Models; g, Stound Motioh Hodels (GMHts) Hazard Curves:
Faut Ginsrety & ST oty A 43074 NS Upan vy ek e on b
s. 9B NS Uil Forr 2 gieet kel & ¥

Gredetic Mavn & Sz mmalion
Baskgouad S

v

Hipa et ot bucns T
or e i el s, A o, b

.. UCERFSR 207 Kb Urse.

L3 tomn b K apoRiy

l
i
4
i

Boundary between the active tectonic WUS erust

& the stable CEUS crust:

+ separates sarthquakes in the seismicity catalog
into WUS and CELS

= determines which type of GMM is used for
seismic hazard calculations

Qverlap (transition] zone:
+ between 115- and 100-degrees west longitude

Updated boundary based on @ gradient
= performed crustal attenuation tomaography and
stress drop studies in the region

1 Shurray & en 2aks

CEUS Seismic Sources:

CEUS Seismic Sources:

Eault Sources:
Gommerce [previously 3 zonz) p
Eastern Rift Margin (North} [previously a zone)
Eastem Rift Margin (Sauth) {previously = zons)
Mesrs W ol
Mew Macric : 4 =

o os N s

1hree new fault scurces (i aven| ars prope sd for the 2625
NSHA 4 ConlIs, Twn cther fault scurcas fin biadid, akeady in
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CEUS Seismic Sources:

CEUS faults differ from WUS:

Ruptures are often not well-defined by surface offsets.
Evidence modified, removed, or abscured die o

(1) removal of sediments by glaciation and other erosional or
manmade processes

(2) desnise vesgetation that covers much of the CEUS

Faults have significantly lower deformation rates and so it is
more difficult to recagnize on the older sediments.

Different catalog completeness and magnitude conversions
used in WUS and CEUS catalogs.

No “inversion” model in the CEUS

ZUSGS

]

1
e E
o 7|
A7 e
o S /7 nitva
Vi 7
Enat

L B v Y

CEUS Seismic Sources:

AreaZone Sources;

Ceniral irginia (newi O
Charleston P
Charevoix -

Crowley's Ridge (South) {new)
Crawley's Ridge {West} (new)
Joirer Ridge {net)

Mariannz

Saline River (new)

Wabash Valley

PR T TN

e niew av2a $oURCeS (1N Sreen) ars propzos<d for the 2024
NSFR for Conlls, Theee oche  20ne scuroes fin black), alresdy in
the ol sl slso e included,

CEUS Seismic Sources:

Total of 7,872 events with magnitude range 2.5-7.5

During May 2019-Dec. 2021, 13 M4+ occurred
Highlightad large/notable evants happen since 2018
+ B/0/2020 W51 nea- Spa-ta, Morth Carolna
* 3/26/2020 WS.0 West T, near NM border
* Oftae 17 204 events, 10 were within the potentially
Indured 70nes of 2023
« Tio 204 events were offsnone (M4.28 snd h4.6]

New declustering methods

Gardner & Kaovoll [13/8)

Reasenzer {1985}

Nearest-nielghbor {£alapin et al., 2008, Zallapin and
Ren-7an, 2020]

Upideted Seismicity {atalor for 2023 NSHW

CEUS Seismic Sources: Induced to be included?

RP—

R —
i o
i b e 28

T T— =

10

g e e a5y s Ly vl

Other CEUS & WUS Differences:

In CEUS
+ Stress drops are higher
+ Attenuation rates are slower

31 New CEUS GMMs in 2018 NSHM:

Changes made to:

- Median ground motions
{increases for large M, middle to
large distances)

» Epistemic uncertainty (increased
& improved)

- Aleatory variability (minor}

7 o ‘

14 Updated Seed GMMs
o 19 publiheal pls e
werying weizhts besed on

gesretic sprezring & riodel woe

(1/3 weight)

17 NGA-East GMMs
i apging

ghts Based o

frenuency & magnivude

12/3 weight)

The USGS NSHM logic trees are based
on a consensus-building process that
assigns weights to “a range of
opinions” = raom for improvement
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14 Updated Seed GMMs:

Camp ex'ty w/ distance (anysics-
Based or physics- nformed e.g.
"Mehn effects” the flar segment
2round 60-100km.

Independunt, diffeenl sllewalion
Fates with distance {c-oss each other]

Range 201 too diffesent o the
2014 GMRS

BUSGS

a7 bl ek

5 Spkca s o 4

Htian o

17 NGA-East GMMs:

Broader range of uncertaintes comaared to the
2014 GMMs [ nureased eplslemic uncertainty)

Not musl
& paal

malety w/ distance ["Mohe effect’
ish to each ather)

Increased epstemic s more sig1Fcant around
100 ke To- large 1 {contribuling Lo an increased
ring am.ind New Madrd)

R——

13

L arvamen . eassinmm

" =

3 =

i

=

4 =

L3

i L

ik

028 0pa 2
CRETR 0 ST

\Waight ‘Weight

Epistemic Uncertainty on Median

WoA

G
[
Ravga

2018 USGS NSHM Update:

New central and eastemn (CEUS) ground motion models.

edians: more significant increases
for larga M at mid-large
Epistemic uncertainty: increasod

significantly for large: M. more araund

Alearory uncemainty: minor ehanges
Seismicily catalog updates: oulsido
, mestly stiecting intermountain
west ragion

S e, Psteser st ), ke
b upn of e ut

anged, Earthguke Specta,

Ratio Maps (2018/2014) for 2% in S0yr uniform hazard, BC site class (760 m/s)

16

2018 NSHM: 2 log crae
developed by a “2528 Working Group” Lo irclue ©

Aleatory Variability

2 NGA-B2st recor e nded nadel "2018%
L

g

218 B 2014 CEUS GMM Standard Deviations

WIF, [lard Bsk

Updatad

ERI with 0.

Staniard Davition

ki

e

7, A e sk ate odel
gt

Standard devlations
are nottao differant
from 2014 NSHM.

Current CEUS Site-Effect Models:

Site Effects = Frgo + Finsar * Froninear Function of ¥,

Appropriate parameter in CEUS?

M-R dapendencs:
M

ot 2620, Lo

fraen Powiersare
gk far L ratar s ok
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CEUS Hazard Updates in 2023 NSHM:

Seismic source models:

- Fauit & area sources updatad
+ Saismicity catalog, induced seismicity, & smoothing algorithins updated

= backgroundigridded seismicity

Ground mation models:
- GMMs same as 2018 for hard rack
~ Site affects madel Updatad 1 include nanlinear branch —em
» Site ampl. wl Zssd (Guo & Chapman, 2018) Yt e e

Rasearch model
« Non-Ergodic GMMs
+ Uncertainty improvernent

BUSGS

Summary:

WUS-CEUS attenuation boundary updated in 2023 NSHM

CEUS seismic sources consist of faults & area sources & background seismicity, continuously updated
WUEHike *inversion® not done in CEUS {potertial for future research)
Induced seismicity nat ineluded in leng term hazard morel (potential fer future polisy change/researsh)

CEUS GMMs and epistemic uncertainties significantly improved in 2018 NSHM
2 titat

of epistemic ur {potential for future research}

Aleatory uncertainty needs impravements [ potential for future research}
CEUS site-affect model applied for the first time in 2018, significant improvernent, but roem for much
nesded research

+ Unexpl 1 togics: site instead of VS307 Basin effects?

= Unexplorediresearch topics: Uncertainty representation

19

Ground maotans (Lacstian: Genccch mical fsallraom o]
Ballcam &)

Snar Reracian IFriinatn ) o Stewart (Eilna|
St P fatetacen | 0 Doy Rotetsor)
Sl Dsat.

e sk

Breakout session:

2 IS s i sz il g ez

MM roscaet e recessit s il of
s veeing e e ol paraencte s
ek it paetel?

o ey e it 7

Seunid v e et octors e et i1

Safaty dLocatian: Dagaulle} Resiienc Lacation: Heathiah

L Fas

gt s e
Rathan Couled [4cketaber

s v v e the lance e 79 1 St 10 (e e
satony P
« Soud chtorr e o s d et inthe
e
st current 2 parareter spectrol shope:
sop-opriste o CLUS 50 bould e sty shorte

S Wil e

e
W Focurd Fequeny Takes s for e Craie Wathan
centenlsed sl the CLUSY
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CEUS Site Effects & Geohazards

Jonathan P. Stewart
UCLA Samueli Engineering

UCLA §gm}éﬂwm NETl QTC ATC-NIST CEUS Workshop

October 17-18, 2022

Qutline

* Current CEUS site factors

* Possible near term changes to site factors
* Longer-term research opportunities

* Liquefaction issues

CEUS Site Factors

Site parameters

Simple metrics of site condition that should relate to site response
physical processes

Examples: V.., depth, site frequency {f;)

CEUS Site Factors

Site parameters
physical processes
= Examples: Vi,
fieskich

Simple metrics of site condition that should relate to site response

Currently used
Seldom measured in CENA Applies in basins Useful for sites with large
Correlated to geology, glaciation, Recently available from impedance contrasts

location in basin USGS (Boyd and others) Captures site resonances
CEUS Site Factors CEUS Site Factors
Ground motion scaling with Ground motion scaling with
site parameters site parameters
* Refers to how ground motion & hd e, . * Refers to how ground motion g i __,_.ﬁ-——".-

changes with a parameter -5 °® . changes with a parameter ]| sy ~
Site Parameter 1 Site Parameter 2
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CEUS Site Factors

Ground motion scaling with
site parameters

¢ Predictive power of a
parameter judged by the
strength of scaling

CEUS Site Factors

y Regionalization of V ,-scaling

ACR > PNW > CEUS

+ Largest differences at long

Site Parameter 2 periods

Amplification

Seyhemn and Stewort, 2024
Parker et al. 2019
Porker aad Stewort, 2022

5

0.1sec PSA

!

— L

Vi Im5)
2.0sec PSA

Vi (m/5)

7 8
CEUS Site Factors
Current madel, sum of: v - ’
* Fyn: Vegpscaling model referenced B v 5. '
to 760 m/s & -4 ! &
u.; E o ¢
£
<
2 N
100 1000 § T=0.1sec T=10sec
Vo ™" . o z ’
Vo (m/sec) Vo (m/sec)
Parker et ol {2019);
Steweart et ol. 2020
Stewvart et il 2020
9 10
CEUS Site Factors CEUS Site Factors
underprediction
Current model, sum of: s
g
¢ Fue amplification of 760 m/s sites  w £,
relative to 3.0 km/s 1 i3
o4, |58
0.0 o1 10 10 I Model development not
Oscillator Period (sec) synchronized with GMM
+  Bias when compared to CEUS data oo pad e -
Stewort et al. 2020 - Current\v being checked with averprediction
expanded data set fromos-Sepulveda et pl 2022
11 12
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Possible Near-Term Changes

Adjustment of GMM constant term or F,,, to remove bias

Introduction of depth adjustments within ACP and GCP
domains {Boyd et al.)

Longer-Term Research Opportunities

NGA-East2 (non SSHAC) with combined development of
GMMs and amplification models

Adding f,-based parameters into regional models

* Replace or supplement Vq,,

* Data needs: V; profiles {measure-disseminate), HVSR data
{measure-disseminate)

13 14
Outline CEUS Liquefaction .
State maps E Y \
* Liguefaction susceptibility y
+ Liguefaction potential : »~
)//
+ Liquefaction issues i !
N Mew lersay Liquefartion Ynd‘p
Map compilation in
ATC-71
15

CEUS Liquefaction

Improved liqguefaction models: NGL project
* OCpen database

* Susceptibility — triggering — manifestation

+ Site-specific and regional models

t = -,

Swltt ¥ ®& WUSNRC MPC L7207 @

17

16
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scienca for a changing world

Outline

Eanhquakes % Foods W Humicones s Landsides o Tsunamis W Volcanoes #  Wildfires

Sediment Thickne
Site Amplificatio
At_lantic and Gulfisi

Prepared by Cliver Boyd

om David Churchwell,
att, Sean Ahdi, Sanaz R

Background
— Guo and Chapman, Pratt and Schleicher
Elements of Analysis and Implementation
— Ground motion databases
— Sediment thickness model
Dataset Comparisons and Dependence
— Period and Sediment Thickness
Predictions and Implementation
— Chapman and Guo (2021); Harmen and cthers (2019): NGA-East
— Logic trees

Next Steps

Atlantic and Gulf Coastal Plains

= Measure

Coastal Plain
sites relative

Background e |}i TR

Observed dependence on sediment to interior

sites.

thickness in the Coastal Plains S iker

sediment:

1. increasas low
frequency
ground mation

2. decreases high
frequency
ground mation

=100 -90° -80r
Guo and Chapmsn (2019), Chapman and Guo (2021

Atlantic and Gulf Coastal Plains

+ Measure
ground
motions at
Coastal Plain
sites relative
to rock sites
Thicker
sediment:

1. shifts rmsanant
peak to lower
frequency.

2. decraszes the
peak's
amplitude

Fratt and Schisicher (2021

Elements of Analysis and
Implementation

; . Ground motion databases and a
ol sediment thickness model

| O Rock Sites '
feoks
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Ground Motion Database Sediment Thickness

S0'n

- = Post-rift unconformity,
8 pricr to 2012 1 e K # generally Cretaceous and
8 stations out < » %3 3 it younger sediments.
rds » / 2 5 * Compiled paper maps, digital
nd Guo (2021) AT i hydrogeclogic models, and
7 from 2010-2018 5 2 > Y cther sources of infermatien
000 km . £ Py 2 ; = Consistent with depths used
7 ) in other studies
* Up to several kilometers thick
below the Atlantic Coastal
2 Plain and over 10 km thick
- 2,857 stations out to 1,000 km 00"y i below the Gulf Coastal Plain
« 25,483 records

Period Dependence
Ground Motion Dataset - Total PSA residuals

. relative to NGA-East
Compansons and median model for hard rock
(3,000 m/s)
Dependen Ce + Coastal Plain sites only

« All datasets exhibit a
transition from negative to
positive average residuals
going from 0.01st0o 10 s
peried.

Period and sediment thickness

Period Dependence Residual_ vs. Sediment Thickness

+ Total P8A residuals
relative to NGA-East
median model for hard rock
{3,000 m/s)

= Coastal Plain sites only

» All datasets exhibit a
transition from negative to
positive average residuals
going from 0.01 sto 10 s
period.

USES
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Chapman and Guo

Predictions and

Implementation

Chapman and Guo; Harmon and
others; NGA-East
LOgiC Trees esi @ to NGA-East median model for

2s only
| datasets ex nereasing residual with increasing
with increasing sediment thickness at short period. T
itive residuals with increas iment thicks

Chapman and Guo reference
condition—minimize residual bias

From observed PSA: SA,,,

Remove NGA-East median model for Vi, of 3,000 mis:
s,

o
Remove using Stewart and others(2020): SA

CG21 reference condition using Stewart and others (2020) since CG21

01 1 5000 10.000 ve to an average of non-Coastal Plain sites, which includes some effect of Ve,
Pariod (s) e h

ictions assumes average sediment thicknes: )0 m), magnitude (4), and distance
{400 kem)
+ No correction for V,
= Chapman and Guo /e to average non-Coastal plain site condition,

Harmon and others (2019); NGA-East Multiple models

« Harmon and others {2019) site natural
period-based model, K1, and modified
sediment thickness-based medel, L4+N1
NGA-East period-independent and period- A Churchwsll  Chapman  NGA-East
dependent path length-based models. g andiothered adioHS)

Percent decrease in standard deviation of total
residual

Chapman and Gue 7.9 233 184

Apply sediment thickness map and adjust T T = o

velocity profile for K1 and ¢, for modified
L4+N1 to best match amplification of } AR LR 122 8d
Chapman and Guo (2021) at M5, 50km NGA-East/ - 6.9 68
distance, V, : NGA-East il 6.9 7.2
reference of 1,000 m/s.

Time averaged shear-wave velocity:
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Implementation

. AII models generglly Vachleve CrERpnEREEal 7 9 23 184
significant reduction in the

standard deviation of total ez groniky 435 8.2 8.3
residuals. Harmon L4+ 17 122 8.4

NGA-East | 2.8 . 8.8

Churchwell Chapman NGA-East
and others  and Guo

Proposed logic free weights
proportional to relative WGA-ast Il 0 7.2
decrease in standard

deviations. Chapman and Guo

Additional branches can Harmon K1

account for uncertainty in
sediment thickness, i.e,,
multiplied and divided by a
factor of 1.2

Harmot L4+N1
NGA-Easi [
NGA-East i

Atlantic and Gulf Coastal Plains

&M GH and Ghadeston Vs Frofiles.
1D site response

analysis (Cramer,

Cabas,

Kaklamanos,

Gann, Militello)

+ 3D geologic
and velocity
model
Modulus
reduction and
damping curves

Non-linear site . - e g g -

rofilas
response Aualier (2008) courtesy of
analysis 4 L Chnis Cramer

+ Coastal Plain sites
exhibit increasing total
residual with increasing
period

Next Steps

Spatially variable Coastal Plain
sediment amplification

Non-Coastal Plain Sites

Atlantic and Gulf Coastal Plains

Ratios relative to the 2014 NSHM

/0.2s

™ 2% in 50 year, Dec 2021

= = = ;
Waps courtesy of Ghris Gramer

(Freliminary information-Subject to Revi

Period Dependence

» Non-Ceastal Plain sites
also exhibit increasing total
residual with increasing
period

+ Steeper trend for

Churchwell dataset
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Period Dependence Coastal Plains and Interior

Phanemzoic sodimant thickness Binned ground motion residuzle.

*  Sediment thickness and
2 sec

+ Non-Coastal Plain sites velogity profiles = travel
also exhibit increasing total times :
residual with increasing Increasing travel time d
period. up to resonant period > !

3 =¥ increasing ground
- Steeper trend for i £ motions
Churchwell dataset g Increasing travel time
- above resonant period
-» decreasing ground

motions

Magnitude of effectis different between Coastal Plain
and Interior sites.

Summary Looking Ahead

We produce a map of sediment thickness of the Atlantic Logic trees are being developed so that these models can
and Gulf Coastal Plains. be considered for the 2023 update of the USGS National

Applied to the site amplification mode! of Chapman and Seismic Hazard Model.

Guo (2021) to remove period- and sediment thickness- Cramer and others are working on a laterally variable 1D
dependent ground motion residuals. non-linear site-response analysis across the Coastal
Similar functionality can be derived for the Harmon and Plains

others (2019} modeils. Analyses of sediment thickness-dependent ground

NGA-East is also effective at reducing ground motion motions are being carried out across the Central and
residuals. Eastern United States.

Dataset Comparisons

Hyp. Distanca Magnitude CP Sediment Thickne:

mm
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Residual vs. Magnitude

B

las =
NGA-East
Depending on the dataset,
bias is minimized with a
reference between
1000 and 2000 mvs.
Reference scaling based
on sediment thickness
(dashed curves) shifts the
bias towards negative
values resulting in lower
reference values.

No sediment correciion
0 V. corvectio

+ USGS Mosaic (Wald and Allen in the
Coastal Plains
GA-East (Various)

Correlation Coefficients

Chapman and Guo reference
condition

Average Vg3, values in the Coastal
Plains vary for each dataset and are
between 340 and 380 m/s; average
value used to calculate SA

Grid search over the Vg, reference
condition from 100 to 3,000 m/s; used
to calculated SAg,;

Mean and standard deviation of
residuals are averaged over the range
0.1 s to 3 s period. Residuals are
relatively period independent across
this range.

Standard
Deviation

« Depending on the dataset,
standard deviation is
minimized with a reference
V55p @above ~1000 m/s.

Chapman and Guo dataset
shows much greater
reduction in standard
deviation with application

Example for Churchwell and others
dataset. Residuals corrected for sediment

thickness

Cructwet v omees

— Churchwell and
—Chapman as
GA-East

others
Guo

of sediment thickness
term.

Station Residuals

Combined dataset at 0.1 s

3000

GC

R 23-041

B: Workshop Presentations

B-30



Station Residuals, Corrected Station Residuals
Combined dataset at 0.1 s ] e Combined dataset at 10 s
T ast,

overcorrects transition between
Gulf and Atlantic Coastal Plains

Station Residuals, Corrected

Combined dataset at10 s

ction reduces large positive
als on Atlantic and Gulf
Coastal Plains
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CEUS vs WUS Hazard Curves,
Spectral Shapes, SDCs & TL:
Should the Design Philosophy Be Adjusted?

Jim Harris
October 17, 2022

Life Safety Design Criteria

Conditional Probability of Collapse < 10% given MCE, motion

General MCEg: deliver 1% probability of collapse in 50 years, when
probabilistic hazard is integrated with a generic fragility

Exception: MCEg defined in semi-deterministic fashion (very high hazard
locations)

Conditional Probability of Failure of “Noncritical Members” < 25% given
MCE, motion

Note: probabilify of failure of primary structural member or connection ~
0.1% in 50 years for wind or snow loads

Interstory Drift Ratio < 2% (over 4 stories) or 2.5% {shorter) atEMCER
which is defined at the Design Earthquake (DE)

A Few Hazard Curves

Site Clasy C, 5a 0.2 se:

—2a73
——Boston

- - -Niew York
=—==Chalesten
—= Atlanta
—eythevile

-=-Memonis

—— Minneapol’s

— -Denve-

A0e —sanfranc’sce
ao oe1 nocer 000001
Annual frequency of exceedence

| aic S ——
3

A Second View

Site Class €, 5a 0.2 et

—213
e —sosten

—-=Mew Vork

5 ——Charleston
Alaata

B ythevi e
- - =hemghis
St Lo
—~Chicago
espelis

Spectral acceleration, g

— Denver
—san [rancisca

o
100001 NSCOO1 DACIGI TN OAUNT OSONGI GANINT NE01 MGEOT RIGRET 0AIOND
Annual Fequency of exceedence

A Third View

Site Class C, 53 0.2 sec

—a7s
——Boslon

== =New York
[———
—- Atlanta

—eythevile
===Memnaais

it Louis

ww Chicage
— linneapol’s

— -Denver

—an branc e
000001

Seismic Design Categories

Site Class C, Sa 0.2 sec

Range of 5a SDC

= Sa<0.25 A

25

e 0.25<5a05 B

2 05«51 <075 =

L o Hansivlle 075<5a< L5 D

5 Cricapn 1.5<5% “gr

~——Glythevile

Note that the boundary
between A and B is identical
for all Risk Categories {Why?)

Spectral acceleration, 2

6L ont ocor
el freque ey of exccedenee
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Take another look at spectral shape

Anaheim - Site C- 2500 yr UHS v MCE,

s 2

Memphis - Site C- 2500 yr UHS v MCE,

15
s
B
a1
L
®
T

3 E- 3

N ATAATETA T 1 IATEIA 7 1724 TE A 3 TRIAALSENA 1 17141 1A 7 23 P4 ZE A 3
Prriod, sacends Perod, secands
[ — R ]

Site Class Effects

Anaheim Site Class C and DE Memphis Site Class Cand DE

Curious Site Class Effects

Anaheim 2475 Year MR|

Memphis 2475 Year MRI

Salg)
I
|

Where is T, ?

$a ws 5d, Site Class DE

Sa vs 5d, Site Class C

A= Pittsourgh
B=Atlanta
C=Sr. Lais
crphis

1 Clemente
ae

Spectal Acce eraton, g
Spectra Acceleration, &

S @ w aw am ] s s o m
Snectral Displacerent, inches Sarcersl Displacemer, inzhes

—eEDE] 0G0 —e—SDED e SDCH D —em 00T =@ =T=Ey e SGE —a— I —a NG D s SOEHI Y T B T o e

Perhaps displacement demand is a better index for Seismic Design Category / Detailing

E — ]
10

Damage Control Design Criteria

= Drift Limits reduce for Risk Category lll and IV
structures (e.g. from 2% to 1% for RC IV at 3 MCER)

= A few nonstructural systems and components have
strength and/or anchorage requirements at the DE

= The trend for more explicit consideration of design for
functional recovery and/or resilience will amplify
damage control requirements

N —
11

What Does the DE Mean?

“Design Motion” Site Class €, Sa 0.2 s "Design Motion" Site Class DE, 53 15

“Design” MRI: i “Design” MRI:
< 5an Francisco = 350 years)/| [
 Charleston = 1720 years,

|r=5an Francisco =510 years
- Charleston = 1780 years

— 2475
wmeeCnarleston
——san Francisca
o SFMCER
B CRICER

Spectra acceleration. &

= SI Decizn
- ~CDesn

CaonL 61 annal

Lol e onl
Arnual fraquency of excerdanca Annual fregaenzy of exceedence

O
12
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Economics in CEUS

= Appropriate discount rate (NIST Office of Applied
Economics?)

Seismic Design Category boundaries & Risk Categories
Should the reliability level be more like that for other
hazards?

— There is a “voluntarily assumed” risk in high hazard areas

— It probably does not exist in lower hazard areas

— Therefore why the big disconnect with seismic?

S —
13

Summary

= Re-examine basic life safety criterion in low to moderate
hazard areas

= Why is the cutoff to “A” the same for RC Il and IV?
= Look again at short period cutoff

= CEUS site class effects very different than WUS

= 22 period spectra don't show the effect of T,

= Redefine the “design earthquake” — need sericus cost-
benefit analysis

| __aic R ——
15

Risk Depends on ...

Consequences of failures,
therefore should we consider

= Density of built environment
= Interdependencies
= Climate
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ATC-NIST Workshop on Sefsmiic Lifall Located in the CEUS

Summary

Nicolas Luco, PhD
Research Civil Engineer

=USGS

Geologic Hazards Science Center
Golden, Colorado

Due to deterministic capping. current collapse risks are
higher than the target 1%-in-50yrs in some higher-hazard
areas of the WUS.

As an alternative to deterministic capping, higher target risks
could be set in higher-hazard areas of the WUS and CEUS

Correspondingly, in lower-hazard areas, lower target risks
could be set.

Accepting higher risks in higher-hazard areas, and requiring
lower risks in lower-hazard areas, could be consistent with
cost-benefit analysis.

2
1 2
Since the 1997 NEHRP Provisions ... Deterministic Capping
Design Ground Motions = 2/3 * MCE GMs MCE Ground Motions = max( Probabilistic GMs, Deterministic GMs )
- MCE Ground Motioh
Probabilistic
=== o Detemministic
[Lower] Limit
e e IO
Fault
ZUSGS =USGS .
3 4
Before the 2009 NEHRP Provisions ... Uniform Hazard # Uniform Risk
Probabilistic Ground Motions = Uniform-Hazard GMs & s
= e MMA Location =2
z" S " = S =
'52 » = e =1mg e :E
£ R B
% w}  Uniform-Hazard = el = -é’
14 i e =
= i \ I I 0 o 5
= w'| —SF Bay Avea Location ! LS i ?
& —.Memph‘sMEI'DArEa Lagation i i Risk = 1.2% in S0yrs ] <
i g e i o —— Risk =0.7% in 50yrs 1]
Ground Motion (S,@0.2s) [g] =
- - W W W r
.EUSJ.G§ ‘:’ USGS Spectral Acceleration (at 0.2-sec) [g] 3
5 6

GCR 23-041

B: Workshop Presentations

B-35



Since the 2009 NEHRP Provisions ...

Since the 2009 NEHRP Provisions ...

Probabilistic Ground Motions = Risk-Targeted GMs

3 Map\of
Risk-Targeted
Uniform-Hazard

Probabilistic Ground Motions = Risk-Targeted GMs

<085 =
USGS ;

s - o 5y
ZUSGS ZUSGS —— 5
7 8
Resulting Risk (of collapse in 50 years) Resulting Risk (of collapse in 50 years)
1 e s - i ,,, =
s Map grid locations
£
é.
o 05 1 13 5 3 3,
: =ZUSGS Risk-Targeted Ground Motion = 1.5¢ i
9 10
Summary Aside: CEUS Deterministic Lower Limit Issue
Site Clags BC (NEHRP-2020)
+ Due to deterministic capping, current collapse risks are # I [
higher than the target 1%-in-50yrs in some higher-hazard
areas of the WUS. o an Frnes TSs | |
5
+ As an alternative to deterministic capping. higher target risks w2 1
could be set in higher-hazard areas of the WUS and CEUS. 5
[5
+ Correspondingly, in lower-hazard areas, lower target risks g 'S 1
could be set. =
£
+ Accepting higher risks in higher-hazard areas, and requiring 5
lower risks in lower-hazard areas, could be consistent with 5 -
cost-benefit analysis. Ik o : n
- - 2 I o .
5,.U§,§_§ 11 §~§g§ " 1?-paclra\P.:nucl. T [se1§l " 12
A1, 12
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CEUS MAX DIRECTION VS W
AND
UPDATING T,

Shahram Pezeshk, Ph.D., PE., FASCE

CEUS Max Direction

Propased

Sty of A, Yo, 148, Ko, 1, s 300417, oy

model to be

sed for
i ¢ Relationships among Various Definit

CEUS Accelerations in Central and E

ns of Horizontal Spectral
ern North America

by Alireza Haji-Soltani and Shaheam Pezeshk

Various Definitions of Sa
e

0 General:
O NGA-wWesr:

f— Gaomelic qwan of response spacia of 1w horizental compenants

Sucupanse 50" parcenile of ge eon of azcelistion (etpons gped i coleulaad

from peri o of compeant of ground stion
Boore et al. (2006}

50" persenile of ucselarulion respenss spesire celoluted fre per

0 NGA-West2: Spuns I-dusandant oction of

o arthag onal harizonal ce nponsn’ of greund marian. Boore (2010}

O ASCET: Sinunion 100 e, man) persenile s pecra coln period-dependen:
eveiion of i orkogonal harssacl cmane of grond matien

O NGAEAST  S,pp [ e

Relationships among Various Definitions of Horizonal §
i Eastern North Amenca
Ry s—

Avceberutions in Central

by Al Hi-Scioei

Published Work on Relationship Between Varicus Sa definiticn
1 [ —
o Boare et al. {2006) used 3500 records from the NGA-West dataset to calculate the
mean of IN{S,cuns osa /Ssouneusol NG NS s6rsrousof Scrna)-

Beyer and Bommer {2006) previded relationships between the median values and the
standard deviation for a variety of existing horizontal-component definitions.

O They used a subset of the NGA West2 database including 949 far-field and near-fault recards from
103 shallow crustal earthauakes,

a

e

Huang et al, (2008} investigated the relatienships between strike-parallel, strike-
normal, geometric mean, and maximum spectral demands using a subset of the NGA-
West2 database.

o

Shahi and Baker (2014) developed empirical models to compute the median ratio of
L —

o They used mere than 3000 time series from the expanded NGA-West2 database to build 2
anutiplicative fICtor Whth £an be Used 1 COMVErt the S,n, ne T S,p,pien 5t 4 desired site.

Model for CEUS

Haiji-Soltanl and Pezeshk e o
(2018) e

sl & SiliSall

Q

4 Data from Central and
Eastern United States

L 6892 time series from 48
Earthquales from the
NG#A-East ground mation
database

Max Direction

e i Gk
Sa

05 oy ciian

\ﬁ_l

Flele2, )+

log(Set,,r, )= FIM. RIT30,..) o
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0 1w 10" i 10 w w’ o

Period (5) Period (s)

Recommendalion:
Use Shahi and Baker {2014} for WUS
Use Haiji-Soltani and Pezeshk (2018) for CEUS _

3
g 3
5 é
2 [
3 g
2 g
E H
5
g
LI
il i
1% 10" i3 1 o " ¥ o

Period (s) Purtod 5)

T, Update
T ———_—_— ——

A Seismological Method for Estimating the T.ong-Period Transition
Period T% in the Seismic Building Code

Earthquake Spectra

T, Background
T

T, : defined as the corner period that marks the transition from
the constant velocity to the constant displacement segments of the
design response spectrum.

o

o

Many changes have been made fo the design response spectrum
used in the ASCE 7 Standard in recent years.

Since its introduction in FEMA 450-1,/2003 the long-peried
period p- , Ty, has { unchanged.

o

10

T, in ASCE 7-05 to 7-16 Standard
T I ——
o Crouse et al. (2006): &

0 Ty = Toeneey = Tp » 1070250030 |4 S50 <0 7

T, in ASCE 7-22 Standard

o Estimation is unchanged
o Crouse et al. (2006): P g

x 11254034,

o Ty = Tyweure) * Te

o

Spcmal Ascelemion

P
Peiod )

11

12
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ASCE 7-22 Procedure for MPRS
|
o Code Language b Rt i P sl s o
1 iz dead The develosnent of ke MPRS 3 Jssadbel o Section 1145 L o ASIE T 2D
s |
as..,
i S
5 s,
Foor o than s ane ot eqel s of the dseren
ly i ey g b
& (LTS, o e rter an beroroen vahes o fom 1 sbewe
0001 T 2 Sk e
L

T, Update Recommendation
1 I —

Recommendation

Crouse et al. (2006)
— . (m),

Ty wewmpy = Te

1 -
AR TR

=T =
=% e

13

14

T, Update Recommendation
|

1

u  Obtained the mudn\“:rf!:m;n'\mda M, for the centerminous
LS. ot grid peints with o spacing of 0.5%

Qbtained M, using Disaggragation from the USGS NSHM.
Conterminous U.5. 2018 with:

o probobility of exceedance of 2% in 30 years

O spectral period of 2

T, Update Recommendation
|

L1 fse
’“’*’TW@(T

|

. Obtained the crustal velocity in the source
region, f, using previaus literature: - -
o WUS: 3.5 kmjs, Used Zandizh er al. (2018) Longitale
o CEUS: 37 km/s, Used Zondich o al. {2018} 0 Obtained the modal mognitude M, for Howeii ot grid
o Howein 3.8 km /s, Used Weng of al. [2020) points with ¢ specing of 0,057

o Obtained M, using Disaggregation from the USGS
NSHM Hewall 2021 with:
o probabllity of exceedance of 2% in 50 yeors
o specrral period of 1s.

15

16

T, Update Recommendation

1 y frorsuesen "
=T =1 = e o

Latiude
B &

i i o0 0
Longiteds

7 Used Zondieh et ol {2018} far WUS, ond the
iwersion of the GMMs for CEUS

T, Update Recommendation

o Qur estimation of T;:

17

18
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T, Update Recommendation T, Update Recommendation
| |
o Qur estimation of T,: o T, used in the code minus our estimation of T (T euee;— Tt
2ol o @ " &
&
ast By i 5!
E T L. L
19 20
Final Recommendations
T ———_—_—_—_ ———
0 Consider the following published o Consider the following article for the
article for the Maximum Direction: T, estimatien:
Thank you for your attention
Sy
21 22
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ATC-NIST Workshop on
Seismic Practice Needs for
Buildings and Lifeline Infrastructure
Located in the Central and Eastern United States
(CEUS)

October 17-18, 2022
Charlotte, North Carelina

Questions to Ponder for Day 2

= Buildings
— What are your current challenges with implementing present
seismic code provisions?

— Which seismic code provisions do you perceive as applicable
only to western US design/construction practice and not
applicable to CEUS design/construction practice?

— What are practical impediments to improving existing
buildings in the CEUS?

—Is your jurisdiction open to the idea functional
recovery/resilience concepts?

e ———
2

Questions to Ponder for Day 2

= Lifelines
NIST GCR 14-917-33, Earthyueke-Resilient Lifelines: NEHRP
Research, De and I R , NIST (2014)

NIST GCR 16-917-39, Critical Assessment of Lifeline Sysiem
Performance: Understanding Socielal Needs in Disaster Recovery, NIST
(2016)

— Which of the problem statements/research projects in these
reports are most applicable to CEUS?

— Which are the highest priority?

T —
3

Thank You!
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ATC-NIST Workshop on
Seismic Practice Needs for

Buildings and Lifeline Infrastructure
Located in the Central and Eastern United States

(CEUS)

October 17-18, 2022
Charlotte, North Carelina

Day 1 Recap

* Ground Motions, Design
Philosophies: Thank you!

* Problem/ Project Notes
Worksheets

* Prioritization Worksheets

Day 2 Agenda

Reminders:

* Identify issues... not
solve them!

* Central-Eastern US
Seismic specific.

o P | P A P A | TR g A 7 AT
b}
s | et dncussicns e s
=
LR [ —— [ ——

EErr=erm
etk | Pt suicn

e R | e e
ey

Track Assignments
Philip Cameron Mervyn Kowalski Christine Beyzaei Jonathan Stewart
Patrick Chan Bonnie Manley Oliver Boyd Daniclle Sumy
Dan Eschenasy James Martin Pete Brewster Jacob Yoder
Larry Fahnestock Lawrence Novak Louise Comfort Kent Yu
Julie Furr Shahram Pezeshk Shidsh Dashti
Eli Gottlieb Sanaz Razaein Craig Davis
Nathan Gould Karl Rubenacker Jon Heintz
Mike Griffin Chad Schrand Nica Luco
Emily Guglisimo Gus Sirakis Lucero Mesa
Jim Harris MNancy Vamey Sissy Nikolaou
Thomas Heausler  Cristian Vimer Mike O'Rourks
Rob Jackson James Wilkinson Raymond Sandiford

Dominic Kelly Haijian Shi
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CEUS Buildings Breakout Session #1
Challenges in Implementation of Current
Seismic Provisions

Note Takers:
Nathan Gould, D.Se., P.E., S.E.
Emily Guglielmo, S.E., P.E., F.SEl

Facilitators:
Julie Furr, P.E.
Karl Rubenacker, P.E., S.E., CWI, F.SEI

N —————— |
1

Breakout Session Goals

" Future
Development

Initial
Attempts

You have to understand how
you got to where you are to
avoid going in circles....

Question: Breakout Session #1

What are your current CEUS challenges with
implementing present seismic code
provisions?

Breakout Session Goals

1. Start: Problems that discourage implementation of
current seismic provisions

2. Identify: Underlying issues that cause the problems

3. Suggest: Potential solutions to fix the issues

...Specific to buildings in the CEUS...
I ———
4

Breakout Session Goals

1. Start: Problems that discourage implementation of
current seismic provisions

a. Adoption
b. Implementation

¢. Enforcement

..Specific to buildings in the CEUS...

Breakout Session Goals

2. ldentify: Underlying issues that cause the problems
a. Sociallcommunity perceptions of code requirements

b. Difficulty in following/applying/understanding code
requirements

¢. Constructionffield conflicts

..Specific to buildings in the CEUS...
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Breakout Session Goals

3. Suggest: Potential solutions to fix the issues
a. ‘Research Areas & Topics”
i. What can be done or what siill needs to be learned?
h. Difficulty To Accomplish
c. Time Frame for the Research

d. How Critical Tc Achieve

..Specific to buildings in the CEUS...

Potential Issue Topics

Resistance to seismic provisions or progressive codes in general?
Do challenges change when considering individual buildings vs communities?

Technical issues with seismic design procedures?

& owmoN

Non-technical issues with seismic provisions (design community, code officials, contractors
and society understanding?)

5 Clients frequently push consultants for ct such as P for geotech
reports to reduce SDC?

6. Specific cost barriers that discourage adoption of current building codes? (Not just general ‘it
cost tao much” complaints )

7. Same or different issues for seismic provisions in existing buildings vs new buildings?

Sub-Question

...Functional Recovery ...

* Whatis it and is it something that is discussed in the CEUS
A/E community?

+ Do you believe your jurisdictions would be open to the
concept of Functional Recovery?

* Have recent catastrophic natural hazard events increased
the awareness of need to design beyond life safety?

+ How could the concept of Functional Recovery be better
presented to the CEUS A/E community?

Breakout group assignments

T T S

Philip Cameron Shahram Pezeshk
Dan Eschenasy Mervyn Kowalski

Larry ahnestock Patrick Chan
Mike Griffin Eli Gottlieh

Jim Harris Thomas Heausler
Rob Jarkson Sanez Razaein

Dominic Kelly Chad Schrand
Bonnie Manley Gus Siralds.
James Martin James Wilkinson
Lawranca Nowak Cristian Wimar
Naney Varney

I — |
11

Sub-Question: Breakout Session #1

Will your jurisdictions be open to the idea of
including Functional Recovery and/or
Resilience provisions in the National Model
Building Code?

e ———
10
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CEUS Buildings Breakout Session #2
Gaps and Incongruities in Applying Current
Code to Practice

Facilitators:
Nathan Gould, D.Sc., PE., S.E.
Julie Furr, P.E., S.E

Note Takers:
Karl Rubenacker, P.E., S.E.. CWI, F.SEI
Emily Guglielmo, S.E., P.E., F.SEl

Goals of Breakout Session

1. ldentify CEUS Seismic Building Issues

2. Identify Potential Research Areas & Topics
a. Difficulty To Accomplish
b. Time Frame for the Research

c. How Critical To Achieve

Initial Questions

Seismic Codes and CEUS Design and Construction

« Do the seismic codes and provisions adequately represent
the CEUS design and construction practices?

+ What types of design (or delegated design) are prominent in
the CEUS that might not be adequately addressed by
current codes?

- Are there design/construction practices in the CEUS, such
as delegated design, that inhibit good seismic design?

+ Are there materials or construction types in the CEUS that
should be better addressed?

CEUS Seismic Design — Potential Topics

= Are the current seismic design provisions appropriate
for the CEUS and are they being applied as intended?

— Delegated Design
—"R = 3" Lateral System Designs

—“Shopping” for better site soils characterization to transition
from SDC Dto SDC C

— Nonstructural Elements

3 4
Material and Construction - Potential Topics Breakout Session Flow
= Are there materials and/or construction practices found 1. Identify CEUS Seismic Building Issues related to the
in the CEUS that are not adequately addressed? design and construction practices in the CEUS.
- Tilt-Up Construction with steel roof systems 2. Describe the issues and focus on key elements that
— Use of pre-engineered building systems for RC Ill and IV need to be addressed
structures 3. Suggest potential projects, research or other
— Construction and Inspection of key elements in the lateral investigation to address the issue
force-resisting system (are contracters and fabricators
knowledgeable regarding “special” systems like BRBFs?) «“Initial thoughts on potential solutions are OK but not
required
5 6
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Breakout group assignments

Philip Cameran Shahram Pezeshk
Dan Eschenasy Wiersyn Kawalski
Larry Fahnestock Patrick Chan
Mike Griffin Eli Gottliab

Jim Harris Thomas Heausler
Rob Jarkson Sanaz Rezsein
Dominic Kelly Chad Schrand
Bonnie Manley Gus Siraids
James Martin James Wilkinson
Lawrence Novak Cristian Wimer
Naney Varney

| oc NS
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CEUS Buildings Breakout Session #3
Existing Buildings

Note Takers:
Julie Furr, PE.
Emily Guglielmo, S.E., P.E., F.SEl

Facilitators:
Karl Rubenacker, P.E., S.E., CWI, F.SEI
Nathan Gould, D.Sc., PE., S.E.

T — )
.

Goals of Breakout Session
1. Identify CEUS Seismic Building Issue/Problem

2. Identify Potential Project Capable of Solving it

. Research, Applied Research, Education/Training, Survey?
. Description of Project & Steps/Tasks

. Stakeholders/Partners

. Duration, Difficulty Level

. Challenges

. Relative Priority

o 0O AN

Potential Issue Categories

. Survey Issues
. Technical Issues
. Regulatory Issues

. Education Issues

[ I S N

. Ethical Issues

Potential Survey Issue Topics

+ What are significant CEUS typclogies, due to fragility or ubiquity?
» How many of what typefvintage?

« |s metric # bldgs., # of occupants?

- How many being altered/upgraded?

« Individual & collective building life span?

Potential Technical Issue Topics

Are fragility curves appropriate for various typologies.

» What is CEUS bldgs expected performance/how vulnerable?
= How can they be reliably retrofitted/altered/upgraded?

+ Material issues — material types/properties, deterioration

= Structural subsystem issues — diaphragms, connections, walls
« System Issues — adjacencies, multi-lot bldgs. ie w/party walls

Potential Regulatory Issue Topics

« What code is in effect for alterations in each CEUS jurisdiction?

= Are the bldgs being seismically improved during alterations?

- Systems in place to facilitate, quality assurance inspections?

+ Should alterations achieve similar seismic reliability as new bldgs?
= Which public policies improve, or trend against improvement?
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Potential Education Issue Topics

« Expectationfinterest of CEUS society/owners in seismic issues

« Knowledge & practice of DOB

- Knowledge & practice of contractor

« Spread between seismic knowledge, codes, and design practice?

Breakout group assignments

Philip Camaran Shahram Pezeshk
Dan Eschenasy Mervyn Kowslski
Larry Fahnestock Patrick Chan
Mike Griffin Eli Gottlieb

Jim Harris Thomas Heausler
Rob Jatkson Sanaz Rezaein
Dorminic Kelly Chad Schrand
Baonnie Manley Gus Sirakis.
Iames Martin James Wilkinson
Lawtanca Novak Cristian Vimar

Nary Varney

Potential Ethical Issue Topics

* |s there a higher seismic risk in existing housing stock in
economically disadvantaged communities in CEUS cities?

» Spread between what is known, and what code reguires,
presents dilemma to the Engineer.

» Clarify justification for “grandfathering” and for which
situations is it appropriate, and which not.

* Weighing of cost vs performance.
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Lifeline Infrastructure Systems Breakout #1:
Societal Expectation of Lifeline System
Performance and Recovery

Louise Comfort, PhD, F. NAPA
Craig Davis, PhD, PE, GE
Kent Yu, PhD, PE, SE
October 18, 2022

QOutline for Societal Expectation of Lifeline
System Performance and Recovery Discussion

= Recovery of Lifeline Systems from Non-Seismic Event
= Sccietal Expectation for Seismic Event

Community Member Needs

Achievement

Farmilytriends neighborhood
Safety and Security
Lo and order sabifity, employment health

Survival

Lifo, faad, weater, sholtos, clathing

Addaled from Mashow 1913

Lifeline Services

= The systems provide services for customers to use
— Customers include other lifeline infrastructure systems

= Lifeline system service combinations are used to provide
other societal services

Agricultare.

= il

Social/Economic Needs

= Social/economic needs of community after a disaster
drive infrastructure performance requirements

nsportation

Water and Wastewater

Soure WST, 2040

Lifeline System Earthquake Damage

Uteline syst. 7 o

Agriculture
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Recovery of Built Environment

v/

Organize around restoring functionality over time

When is each cluster ond system needed for recovery?
Survival
Saafely amd Seewigy
Hebarging
Cironwth and Aefiievemens

Saqree: Nationa! Disaster Recovery framewsrk

Functionality Needs For Recovery

« Short-Term: Secure, Rescue, Stabilize, Clear Routes
Critical Facilities, Emergency Housing

Related Infrastructure Systems
Restore Neighborhoods, meet social needs

* Clusters:

« Intermediate:

« Clusters: Housing, healthcare, main street, schaols, Churches
Related Infrastructure Systems
+ Long-Term: Community Social and Economic Recovery
* Clusters: Commercial and Industrial Businesses

Related Infrastructure Systems

Previous Societal Expectation Topics
Identified

Lifelines Track - Breakout Session #1

NIST Lifelines Roadmap - Element I. Establish national lifeline system performance and

restoration gesls

i Develop an overarching framework for national lifeline performance and restoration goals

H Assess current societal of acceptable lifeline. levels and
restoration times informed by the phases of response and recavery

5 Develop taols to quantify and rank the societal benefits and costs of different lifeline
system performance lavels and rasteration rimes, as well as prioritize lifeling upgrades and
imvestrents

13 Develop guidelines for post-sarthquake lifeline assessment, response, and recovery

2 Develop tools, guidance, incentives, and funding mechanisms for valuntary adoption and

implemantation of lifeline seismic resilience programs and earthouake-resilient design and
construction standards

24 Develop strategies and techniques far the public and key customers to engage lifeline
system providers to define scceptable performance levels and restoration timeframes

25 Assass the direct and indirect and financial i of
ditfarant lifalina p lavels and

I — ]
10

Lifelines Track - Breakout Session #1

A5

el

NIST Societal Needs - A. Lifeline Codes, Standards, and Guidelines Priority
Ranking

Develop lifeline system performance requirements that relate to community resilience and
batter reflact sociatal cansiderations.

Lifelines Track - Breakout Session #1

NIST So eeds - B. Research Priority
Ranking

Bl Gather information on snd systemnativally study the relstionships between service

disruptions, and scietal impacts and expectations to hetter understand lifeline systern

performance.
B2 Develop and conduct a targeted research program to assess societal expectations

associated with lifeline system performance.
B3 Systematically study and compare the srrsy of design approaches and methods for

addressing societally-based performance requirements within current cades, standards and
guidelines for lifeline systems

B4 Investigate the differential vulnerability amang social groups to lifeline system outages.
BS Systematically collect and raview various "proxias” and secondary evidance for sociatal
ions of lifeline 2 and ion ti
b7 Canduct research on needed servive restoration times, including how system operability as

a performance med

N — |
]2

supports cammunity resilience.
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Lifelines Track - Breakout Session #1

ty
Ranking

15T Societal Need:

Mot
(=] Aggregate the existing suite of infrastructure modeling tools and create a user-friendly
interface so communities can properly assess their lifeline-related system performance and

restaration risks, inclucing uncartainty.

NIST Societal Needs - D, Lifeline System Operations

D2 Davelop guidance for lifeling service providars on how 1o engage and callaborate with
es, including agencies and other key community
institutions, in developing resilisnce strategies and preparing system restoration and
continganey plans

D3 Develop guitiance for local planning {e.g., for fuel delivery to emergency responders and
aritical infrastructure).

N —— |
13

Societal Expectation

1. Societal Expectation of Lifeline Performance and
Recovery for Non-Seismic Events

— Hurricane

- Winter Storm

— Flood

— Tornado

— Other Hazards

I ————— .|
14

Societal Expectation

2. Societal Expectation of Lifeline Performance and
Recovery for Seismic Events

— Transportation

— Water

— Electric Power

— Liguid Fuel and Natural Gas

— Communications

—  Wastewater
3. When designing lifeline infrastructure systems, should
we define their restoration goals first?

15

Lifelines Track - Breakout Session #1

Topic | NIST Lifelines Roadmap - Element 1. Establish national lifeline system performance and restoration
Ranking

goals

1 Develop an overarching framework for national lifeline performance and restoration goals 3{16/0/0)

2 Assess current societal expectations of acceptable lifeline performance levels and restoration times 3 (9/4/2)
informed by the phases of respanse and recavery

5 Develop tools to quantify and rank the societal benefits and costs of different lifeline system 2{5/10/0)
parfarmance levals and restaration times, as well as priaritiza lifeline upgrades and investments

S| Develop guidelines for post-earthquake |ifeline assessment, respanse, and recovery 15 (1/6/3)

23 Develop tools, guidanee, incentives, and funding mechanisms for valuntary adoption and 25 (9/2/4)

implementation of lifeline seismic rasilience programs and earthquake-resilient design and
wonstruction standards

24 Develop strategies and techniques for the public and key customers to engage lifeline systam 15 (2/8/7)
providers to define acveptable performance levels and restoration timeframes

25 Assess the direct and indirect socioscanomic consequences and financial implications of different 3 (15/0/0)
lifaling p levek and

I ————— ..
16

Lifelines Track - Breakout Session #1

NIST Sacietal Needs - A, Lifeline Cades, Standards, and Guidelines

A5 Develop lifeline system performance requirements that relate to community resilience and better 3 {15/0/0)
raflect seciatal considarations.

17

Lifelines Track - Breakout Session #1

NIST Societal Needs - B. Research Priority
Ranking

[:31 Gather information on and systematically study the ralationships between service disruptions, 3 (9/4/2)
and sociatal impacts and ions 1o battar lifaling systam ps

B2 Develop and conduct a targeted research program to assess societal expectations associated 2.5 (7/2/4)
with lifeline systam performance.

83 Systematically studdy and compare the array of design approaches and methods for addressing 1 {0/0/15)

based performance
lifeline systems.

within current codes, standards and guidelines for

B4 Investigate the differential vulnerability among social groups to lifeline system outages. 3(12/1/2)

85 Systematically collect and review various “praxies” and secondary evidence for societal 2(2/8/5)
of lifeline performance and

a7 Conduet research on needed service restoration times. including how system aperability asa 3 (10/471)

performance metric supports community resilience.

N — |
18
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Lifelines Track - Breakout Session #1

H NIST Sociatal Needs - €. Mod
c1 Aggregate the existing suite of infrastructure modeling tools and create a user-friendly 3(12/1/2)
interface so. ities can property their |ifel lated system performance and

restoration risks, including uncartainty.

D2 Develap guidance for lifeline service praviders on haw ta engage and collabarata with 25
communities, induding emergency management sgencies and other key community (7/5/2)
institutions, in developing resilience strategies and preparing system restoration and
cantingancy plans.

D3 Develop guidance for local planning [e.g., for fuel delivery to emergency responders and 25
critical infrastructure), (7/6/2)

| oc NS

19

“ NIST Societal Naads - D. Lifeline System Oparations
Ran
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Multihazards
Lifeline Infrastructure Systems

Craig A Davis
October 18, 2022

Multihazards

= Context for Multihazards

1. Design infrastructure for several different hazards
= Earthquake
= Wind
«  Flood

2. Multiple cascading hazards within a primary hazard
= Earthquake = shaking, surface fault rupture, liguefaction. landslide. tsunami, fire

following, hazmat release ete

*  Hurricane = wind. rain, surge. fload. tornado, fire following

3. An independent hazard strike preceding cr following an initial
= Anannual rain, storm, or hurricane following an earthquake
. An existing drought before an earthquake

I ——————
2

Barriers for Addressing Earthquake Hazard

= |dentify multihazard barriers that inhibit how the CUES
can address the earthquake hazard.

Examples:
— Earthquake is uncommon, not recognized
— Other hazards are more frequent and top of mind

— Address current commen threat vs. not addressing the rare
but highly dangercus threat

— Earthquake is properly addressed, there is no barrier

Miltihazards — Previous ldentified Topics

NIST Lifalines Roadmap - Element |. Establish national lifeline system parformanca and
Ranking

resteration geals

3 Establish procedures to quantify hazards over spatially distributed lifeline systems

12 Develop guidelines for mitigating damage ta lifelines from tsunamis and ather flond-
related hazards

14 Develop gehazard guidelines for cwners and contractors for engineering, procurement,
and construetion of pipelines

17 Devvelop methods for analysis and mitigation of damage from fire following sarthquakes
and hazardous material releases

18
Improve and extend methads for mitigating the effects of earthquake-induced ground
displacement on underground pipelines, conduits, and cables

2 Implement post-earthquake information and response services for lifeline systems

Miltihazards — Previous ldentified Topics

NIST Societal Needs - B, Research Priority
Ranking

B12 Establish procadures to quantify hazards for spatially distributed systems

Bl Perform studies on changes in water demand considering an array of hazards as well as
seasonal and longer-term climate variability, like drought.

B15 Improve knowledge, databases and madeling for the impact of drought, widespread

fionding and storm damage on regional fuel supplies.

Multihazards

1. Design infrastructure for several different hazards

— How can CEUS gain synergy when designing for more
common hazards and improving earthquake performance?
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Multihazards

2. Multiple cascading hazards within a primary hazard

— Are there earthquake hazards needing special attention in
the CEUS?

Multihazards

3. An independent storm, or other natural hazard
following an earthquake

— Are any aspects from this context where we can gain
seismic improvements for the CEUS?

Multihazard Barriers

= How can we address multihazard-related barriers?

Miltihazards — Previous ldentified Topics

NIST Lifalines Roadmap - Elament |. Establish national lifeline systam parformanca and | Priority
restoration goals. Ranking

3 Establish procedures to quantify hazards over spatially distributed lifeline systems 3(13/3/1)

12 Develop guidelines for mitigating damage ta lifelines from tsunamis, seiche, and other 1{0/3/14)
flood-related hazards

14 Develop geahazard guidelines for cwners and contractors for engineering, procurement, 1.5 (3/6/8)

and construction of pipelines

17 Develop methods for analysis and mitigation of damage from fire following earthquakes 2 (6/9/2)
and hazardous material releases

18 3 (11442,
Improve and extend methods for mitigating the effects of earthauake-induced ground (11/4/2)
displacement on underground pipslines, conduits, and cables

26 Implement post-earthguake information and response services for lifeline systems 2.5(10/1/3)

I —————— ..
10

Miltihazards — Previous ldentified Topics

NIST Societal Needs - B, Research Priority
Ranking

B12 Establish procadures to quantify hazards for spatially distributed systems repeat

Bl Perform studies on changes in water demand considering an array of hazards aswellas 1 (g/5/12)
seasonal and longer-term climate variability, like drought.

B15 Improve knowledge, databases and madeling for the impact of (EQ-induced) widespread 1 {a/6/7)

floading and storm damage on regional fugl supplies.

el

Lifeline Infrastructure System
Analysis, Design, Codes, Standards

12
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Analysis, Design, Codes, Standards

= These are topics associated with how a lifeline
infrastructure system can achieve the provision of
services to meet societal needs/expectations

13

Previous ldentified Topics

To NIST Lifelines Roadmap - Element Il. Davelop Lifaline Systam Specific Perfarmance Manuals, y Ranking
Guid s, Standards, and Codes.
15 Develop seismic qualification standards for lifeline compenents and systems 3[13/1/2)
s R )
Ranking
AL Idantify ar establish an organization and procass for aduacating, harmanizing and unifying the 310/5/1)
womsensus procedurss for lifeline guidelines and standards develeprment.
A2 Develop more consistent terminology for lifeling standards. 2(5/5/6)
an Develop a o combine based design criteria into system level 21(5/8/3)
parformance targats.
#6 Develop cansensus-hased guidelines and standards for the design of new lifelines and the retrofit 3 {14/1/1)
of existing lifelines that reflect community resilience requirements and societal
wonsiderations,
AR Reduce inconsistencies in the compendium of codes and standards that guide design, construction 3 (5/8/3)

and resilience of the built enviranment, sush as fire codes, building codes, and lifelines codes,
standards, and guidelines.

14

Previous Identified Topics

Ranking
B13 Enhance the understanding of lifeline system supply sources and end-point facilities and their 25
role in system performance, restoration, and community and regional recovery with the goal  (9/5/2)

of improving databases and modeling of such sources and facilities.

FEMA/NIST Functional Recovery - Recommendation 1. Develop a Framework for Post-EQ

Re-otcupancy and Functional Recovery Objectives Ranking
k] N 25

Develop Design Criteria for Achieving Recovery-Based Objectives. 73]
13 = 25

Determin Apprapriate Hazard Levels for Recovery-Based Objectives. (/o)

15

Analysis, Design, Codes, Standards

= Are there any CEUS specificfadditional items we should
address?

16

Previous Identified Topics

NIST Lifelines Roadmap - Element |1 Develop Lifeline System Specific Performance Manuals,

Guidelines, Standards, and Codes

15 Develop seismic qualification standards for lifeline components and systems
NIST Sccietal Needs - A. Lifeline Codes, Standards, and Guidelines

AL Idantify ar establish an organization and precess for advocating, harmanizing and unifying the
consensus procedures for lifeline guidelines and standards development.

A2 Develop mare cansistent terminalogy for lifeline standards.

A4 Develop a methodalogy to combine based design criteria into system |evel performance
targets.

A6 Develop consensus-based guidelines and standards for the design of new lifelines and the retrofit of

axisting lifelines that. reflect com munity res
considerations,

A8 Reduce inconsistencies in the compendium of codes and standards that guide design, construction
and resilience of the built environment, such as fire codes, building codes, and |ifelines codes,
standards, and guidelines

ance performance requirements and societal

17

Previous ldentified Topics

esearch y
anking

B13 Enhanee the understanding of lifeline system supply sources and end-point facilities and
their rale in systern perfarmance, restoration, and cammunity and regional recovery with
the gaal of improving databases and modeling of such sources and facilities.

Task. FEMA/NIST Functional Recovery — Recommendation 1. Develop a Framework for Past-EQ | Priority
Re-gccupancy and Functienal Recovery Objectives Ranking
12

Daualop Design Criteria for Achieving Recovary-Basad Objactives.

NIST Sed eeds

13 Datermine Appropriate Hazard Lavels for Racovery-Based Objectives.

N — |
18
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Lifeline Infrastructure Systems Breakout #3:
Dependencies and Potential Impact on
Response and Recovery

Kent Yu, PhD, PE, SE
Qctober 18, 2022

Outline for Dependencies Discussion

= Commonalities between Earthquake and Other Hazards
= Status of Coordination among Sectors

= Issues and Barriers for Identifying and Mitigation
Dependencies

Infrastructure System Dependencies

“I'he 2021 Winter Storm (Oregon) exposed several dependency issues

Infrastructure System Dependencies

Interdependencies will muke disaster recovery much more difficult, The earthyuake
will damage all systers at the same fme,

T restare clectric
serviec, you noed
(R ——

l Ok

To restore water service,
you need elecmicity

{ASCE TCLEE)

Previous Dependencies Topics ldentified

Lifelines Track - Breakout Session #3

Tapic [ NIST Lifelines Roadmap - Element |. Establish national lifeline system performanczand | Priority
restoration goals Ranking

4 Develop madeling toals to suppart design approaches, planning, and restoration for
imerdependent lifeline systems

16 Evaluste the feasibility of new lifeline system o
NIST Secietal Needs - A. Lifeline Codes, Standards, and Guidelines Priority
Ranking
%] Develop guidelines to infarm the design, interoperability, and upkeep of lifeline system
dependencies. Establish procedures to quantify hazards over spatially distributed lifeline
systems
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Lifelines Track - Breakout Session #3

NIST Societal Needs - B. Research Pri
Ranking

(2] Enhance the understanding of infrastructure-related failures and cascading effects resulting
from low-probability/high-tonseguence events,
B10 Develop post-disaster data collection protocols to assess lifeline system recovery and

restoration timeframes and improve the understanding of restration processes across
individual and interdependent lifefine systems.

B11 Develop toals ta identify interdependent infrastructure systems and services along with
their restaration criteria.

E NIST Societal Needs - C. Morleling

c2 Develop first-generation models and practical tools to analyze community resilience that
account for lifeline system dependencies and interdependenties

Lifelines Track - Breakout Session #3

NIST Societal Needs - D. Lifeline System Cperations iority
Ranking

D3 Dewelop guidance for local planning (e.g., for fuel defivery to emergency respanders and
eritical infrastructure).

De Dewelop guidance for lifeline service providers to evaluate the effects of systern component
failures, both inisolation and in and ing upstream and

dependencies.

FEMA/NIST Functional Recovery - Recomrmendation 4. Design, Upgrade, and Maintain
Ranking

Lifeline Infrastructure Systems to Meet Recovery-Based Cbjectives

Create Regional Lifelines Councils

Dependencies

1. Commonalities between Earthquake and Other
Common Hazards
— In the CUES, what are common dependencies identified for
respense and recovery of non-seismic events
= Hurricane
= Winter Storm
* Flood
= Tornado
= Other hazards?
— Are these dependencies applicable to earthquake hazards?

Dependencies

2. Status of Coordination among Lifeline Sectors

— Inthe CUES, how dependencies are being addressed in
planning, design, mitigation, response and recovery for non-
seismic hazards?
= Hurricane
= Winter Storm
= Flood
= Tormado
= Other Hazards

— Are the coordination efforts adequate?

I — ]
10

Dependencies
3. Issues and Barriers for Identifying and Mitigating
Dependencies
— What has the CEUS done well for identifying and managing
dependencies?
— What are issues/barriers for identifying and managing
dependencies?

— How can the CUES leverage response and recovery
experience for other common hazards for rapid recovery for
earthquake hazards?

N — |
4.

Lifelines Track - Breakout Session #3

NIST Lifelines Roadmap - Element |, Establish national lifeline system performance and

restoration goals

4 Develop madeling toals to suppart design approaches, planning, and restoration for 3(11/3/3)
imerdependent lifeline systems

16 Evaluarte the feasibility of new lifeline system 2 (0/11/8)
NIST Secietal Needs - A. Lifeline Codes, Standards, and Guidelines Priority
Ranking
%] Develop guidelines to infarm the design, interoperability, and upkeep of lifeline system 2(7/802)
dependencies,

12
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Lifelines Track - Breakout Session #3

NIST Societal Needs - B. Research

anking

B9 Enhance the understanding of infrastructure-related failures and cascading effects resulting 3 (12/1/1)
from low-probability/high-tensequence events,

B1O Develop post-disaster data collection protocols to assess lifeline system recovery and 3(8/3/6)

restoration timaframes and improve the understanding of restaration processes across
individual and interdependent lifefine systems.

B11 Davelop tools to identify interdependent infrastructure systems and services along with 25
their restoration eritaria (748/2)
NIST Societal Needs - C. Modeling ity
Ranking

c2 Develop first-generation models and practical tools to analyze community resilience that 3 (12/2/3)
accownt for lifeline system dependencies and interdependenties

e ——— |
13

Lifelines Track - Breakout Session #3

NIST Societal Ne: 3 Pricri
Ranking

Da Develop guidance for lifeline service providers to evaluate the effects of system component 2
failures, both in isolation and in and ‘g upstream and (3/8/5)
depandancies.

FEMA/NIST Functional Recovery — Recommendation 4. Design, Upgrade, and Maintain

Lifelina Infrastructura Systems to Maet Recovary-Based Ohjactives

3
Create Regional Lifelines Councils (71070}

14
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Acronyms

AASHTO American Association of State Highway and Transportation Officials
ACI American Concrete Institute

AHIJ Authority Having Jurisdiction

AISC American Institute of Steel Construction

ALA American Lifelines Association

AREMA American Railway Engineering and Maintenance-of-Way Association
ASCE American Society of Civil Engineers

ATC Applied Technology Council

BOCA Building Officials and Codes Administrators

BSSC Building Seismic Safety Council

CEUS Central and Eastern United States

CMU concrete masonry unit

EOR Engineer of Record

EPRI Electric Power Research Institute

FEMA Federal Emergency Management Agency

FR functional recovery

GC General Contractor

GMM ground motion model

HVSR horizontal-to-vertical spectral ratio

IBC International Building Code

ICC International Code Council

IEBC International Existing Building Code

IRC International Residential Code
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M magnitude

MCERr risk-targeted maximum considered earthquake

MPRS multi-period response spectrum

NCEER National Center for Earthquake Engineering Research

NCSEA National Council of Structural Engineers Association

NEHRP National Earthquake Hazards Reduction Program

NFPA National Fire Protection Association

NGA-East Next Generation Attenuation Relationships for Central & Eastern North-America
NGL Next Generation Liquefaction

NIBS National Institute of Building Sciences

NIST National Institute of Standards and Technology

NRC Nuclear Regulatory Commission

NRI National Risk Index

NSHM National Seismic Hazard Map

PE Professional Engineer

PEER Pacific Earthquake Engineering Research center

PGA peak ground acceleration

PSHA probabilistic seismic hazard analysis

RDP Registered Design Professional

SBC Standard Building Code

SDC seismic design category

SEI Structural Engineering Institute

SPUR San Francisco Bay Area Planning and Urban Research Association
SSHAC Senior Seismic Hazard Analysis Committee

TCLEE Technical Council on Lifeline Earthquake Engineering

UBC Uniform Building Code
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UHS uniform hazard spectrum

URM unreinforced masonry

USGS United States Geological Survey

WwUS Western United States
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