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Motivation/Background

* The public/legislators have become aware that the Code goal is just
safety and they want more than “safe but disposable” (stemming from a
lot of the work in Los Angeles).

= All levels of government are looking at “design for Functional Recovery”:

v" Federal: NIST/FEMA mandate and report to Congress earlier this year.
[and many discussions around this about creating a Functional Recovery
Design Standard]

v' State: California AB-1329 on a Functional Recovery Standard
v' Local: San Francisco tall building study and ongoing discussions

= We now also have the technology to quantify resilience using FEMA P-
58 (in terms of repair costs and repair times), and use directly for design.

= Opportunity: The combination of this societal desire/interest and new
technology creates a remarkable situation and opportunity. Structural
engineers are well-equipped to meet this new challenge of design for
Functional Recovery (and can do it with a quantitative analysis method).

» These are unprecedented times and our SE profession is rising to the

occasion. O HBRi
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Outline

* The Anatomy of the Resilient Design Movement
» Recent Traction and Structural Engineering Leadership

* New Technical Developments in Assessing Functional
Recovery

» Summary and Proposed Next Steps
= Q&A
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Ad Anatomy of the Resilient Design Movement

Top-Down Push for
Resilient Design:

* Federal: NEHRP Reauthorization
with mandate to look at building
function, NIST Immediate
Occupancy report, NIST/FEMA
Functional Recovery report.

“Functional recovery is a post-earthquake

Ay o Recommended Options for
performance state in which a building or I ino th il .
lifeline infrastructure system is maintained, =~ +PTOVIIE LIE Built Environment

or restored, to safely and adequately for Post-Earthquake Reoccupancy

support the basic intended functions and Functional Recovery Time
associated with the pre-earthquake use or

occupancy of a building...”

X P National Institute of
[**Suggest attending the next ATC morning @ FEMA s s ol Tty
session on this NIST-FEMA project!**]

FEMA P-2090/ NIST SP-1254 / January 2021
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Anatomy of the Resilient Design Movement

To p -Down Push fo r “(b) (1) During the 2024 triennial code adoption cycle,

the California Building Standards Commission and the

Resilient Desi gn: Department of Housing and Community Development,
acting in accordance with Section 17921, shall develop,
= State: California Assembly Bill adopt, approve, codify, and publish building standards

. « . that require buildings not already under the authority of a
AB-1329, entitled “Functional different state agency to be designed and built to a

Recovery Standard”. functional recovery standard for earthquake loads.”
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Ad Anatomy of the Resilient Design Movement

Bottom-Up Push for Resilient Design:

» The structural engineering community has not just been waiting
around for a building code requirement change.

= Visionary structural engineers are already pushing ahead and
leading in this area by designing for post-earthquake function
electively on projects.

» Goals of resilient design projects are typically:

« Time: Reduce time for building to regain function (business
disruption)

« Cost: Reduce damage and needed repair costs.

© HBRisk Group



K- Example #1: SF Affordable Housing

* Project: Casa
Adelante (9- o =
story affordable
housing)

* Engineers:
Mar Structural
Design

© HBRisk Group



.8 Example #2: CA State Office in Sacramento ~ ®

* Project: 11-story
office for State of
California

* Engineer: KPFF
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™ Ex #3: Oregon Treasury Resilience Building

* Project: 2-story base-isolated

» Engineers: KPFF (Portland)

© HBRisk Group



Example #4: Bluxome SF Offices

* Project: 5-Story SF Office

= Engineers: ZFA
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Example #5: Stanford Biomedical Building

* Project: Stanford Biomedical * Engineers: Rutherford &
Innovations Building Chekene
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Example #6: Watson Land Company

* Project: Portfolio of = Engineer: HSA = Owner: Watson
tilt-up warehouse Associates Land Company
buildings

LAND COMPANY
SEETTISTSTOUD




* Project: 12-story office/out-patient

= Engineers: Forell Elsesser
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Ad Example #8: Electric Utility Operation Center

* Project: EOC, data center,
and office

» Engineers: KPFF (Portland)

© HBRisk Group
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Example #9: 181 Fremont

* Project: 57-story
mixed use

* Engineer: Arup

& Heller

© HBRisk Group
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Example #10: Roseville City Hall

* Project: 4-story precast post-tensioned hybrid moment frame

* Engineers: Buehler Engineers

© HBRisk Group
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Example #11: Long Beach Civic Center

* Project: Long Beach Civic * Engineers: Nabih Youssef
Center (two 11-story buildings — and SOM
city offices, city council, Port of
Long Beach)

L \|||| |'|l||||
P ;ﬁilfliaimm
T -r LU B "‘*“‘.“

Figure Source: SOM/NYASE 6 SEAOC presentation



Ad Anatomy of the Resilient Design Movement

Summary of Anatomy of the Resilient Design Movement:

Structural
Engineering
Community
Leadership

Analytical Tools
to Quantify
Resilience

(FEMA P-58)

Public Interest
and Demand (e.g.
CA AB-1329)

© HB Risk Group



FEMA P-58 and New Developments

= FEMA P-58 is a probabilistic
performance prediction
methodology (15 year, $16M+
invested, ~100+ on the team)

= FEMA P-58 is tailored for building-
specific analysis

= FEMA P-58 was released in 2012,
then used/vetted in structural

engineering industry from 2014 to Sei ic Perfo ance
present (~7 years of vetting and \ S fR ailds
refinement). essment o 8>

Volume | —Methodology

= FEMA P-58 output results:
» Repair costs

» Repair time (+ recovery time) e
- Safety: Fatality & Injury & FEMA p

© HBRisk Group
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FEMA P-58 and New Developments

Hazard Structural Damage Loss Analysis
Analysis Analysis Analysis

Repair Casualties

Unsafe
Placards

Building -Specific Vulnerability Curves

Repair Costs
Repair Time

Ground Shaking Ground Shaking

© HBRisk Group



FEMA P-58 and New Developments

Recommended Options for
Improving the Built Environment
for Post-Earthquake Reoccupancy
and Functional Recovery Time

FEMA P-2090/ NIST SP-1254 / January 2021

¥ FEMA P )

Damage Loss Analysis
Analysis ,

Repair
Time

Casualties

Unsafe
Placards
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FEMA P-58 and New Developments

Hazard Structural Damage Loss Analysis
Analysis Analysis Analysis

1) Casualties
L/ ]

Unsafe
Placards

Function

**This new functionality is ready for use (ATC-138 Beta) and
will be announced by ATC/FEMA/NIST shortly.

A journal paper and draft report will be available to
document the method, and source code is available.

It is also available in the SP3 software.
© HBRisk Group



Electrical/iPower Failure
in Tenant Unit

AN

System-Level
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Building Electrical Tenant Unit Electrical Power Supply Not
System Failure System Failure Available

External
power-grid
failure

Distribution
Panel Failure

Transformer Switchgear
Failure Failure

Backup Power
System Failure

/N

Component-
Level Battery Diesel
Performance Ba.tg?rulzeack Charger Generator

Failure

Failure
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FEMA P-58 and New Developments

© HBRisk Group



FEMA P-58 and New Developments
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Summary

» Code design achieves the safety goals well (per past EQ history), but
has not aimed to provide post-earthquake function (so results in ~ 4-
12+ months downtime for a design earthquake).

= FEMA P-58 can be used to design directly to meet functional
recovery goals (with recent technical developments supporting this
even further).

= Even though not mandated, engineers are electively designing for
resilience right now (less damage, quicker recovery, less repair cost).
[also using FEMA P-58 extensively for risk assessment (PML+)]

» Engineers are creative people, so we are finding that they can
provide quicker recovery times with minimal or no added costs (~0-
1% construction cost). They just need to add quick recovery to their
design goals and be intentional to design for it!

© HBRisk Group



Proposed Next Steps

» \We propose two next steps to keep pushing forward this
resilient design movement:

v'  Step 1: Leaders keep leading. As the leading members of
our structural engineering community do this for individual
projects, this is “showing the way” and helping work out how
this may be done broadly for more/all buildings in the future.

v'  Step 2: Work toward resilient design requirements. There
are many discussions ongoing about what code design
requirements may look like for resilient design for functional
recovery. We provide some suggestions for this, and most
importantly, propose that this be done in a coordinated way
together.

© HBRisk Group



Proposed Next Steps

Step 2: Possible Paths to Codification (Bonowitz, with permission):

Paths to Functional Recovery Provisions in the International Building Code

DAVID BONOWITZ, S.E., MARCH 31, 2021

1 Code developersv Proposal due 1/22 2024
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Proposed Next Steps

Step 2: We propose coordinated effort to create design requirements

= Options for Prescriptive Requirements:
a) Use current code knobs.

» This would definitely be easier (e.g. assign more to Risk Category V).

 However, even Risk Category IV has been shown to be better but not result in the
days/weeks functionality goals commonly used (ATC Vol. 5, 2018 Wade SEAQOC).

* Using this approach would create a notable disconnect between leading practice
(11 examples shown here) and such a prescriptive requirement.

b) Create requirements specifically for function. Create design
requirements targeting function, in way consistent with NIST/FEMA
proposed direction, and use best available information to do this.

» This would be more effort, but would result in design requirements that we think
will give the short recovery times that we likely want (days/weeks).

* The new FEMA P-58 extensions (through NIST and ATC-138/FEMA) provide an
analytical approach that we can use for this (fully consistent with NIST/FEMA).

= **We propose that we pursue Option B in a coordinated manner together.

© HBRisk Group



Proposed Next Steps

Step 2: We propose coordinated effort to create design requirements

» To do this, it would be really good if we figure out how to coordinate all efforts on
this (ATC/FEMA, NIST, SEAQOC, EERI, BSSC, ICC, researchers, etc., ...).

= A proposed outline of this development process would be:

1)  Create clear functional recovery time goals (days/weeks/months), and ground
motion levels for which those goals must be met.

2) Create a clear definition of allowable damage for function to be maintained, in
manner that is fully consistent with NIST-FEMA report to Congress (draft done in
the technical development described earlier, on the ATC-138 project).

3) Complete a large set of analytical studies, leveraging the new FEMA-P-58-based
functional recovery time methods; this can relate design requirements to the
functional recovery time outcomes. Do these studies for various building systems,
heights, occupancies, levels of seismicity, etc.

4) Use the results of the above studies and generalize them to create prescriptive
design requirements that meet recovery time goals. Write these requirements in a
format that is consistent with the current ASCE 7, and therefore, easy to implement
as a code change (e.g. in terms of le, Ip for various systems, drift limits, etc.).

© HBRisk Group



Proposed Next Steps

Step 2: We propose coordinated effort to create design requirements

= \We propose that the structure or design requirements would be:
v’ Prescriptive requirements as defaults.

v “Alternate Means” provision to allow more creative/advanced design (so
people can also keep doing resilient design as they are now).

* For immediate next steps, how to we coordinate these developments
among the many groups trying to work on this? Let's discuss ideas in
Q&A session as possible!

© HBRisk Group



Questions and Discussion!

* Thank you for your time.

» Qur goal is to support adoption of resilience-based design for
Functional Recovery, and overall seismic risk assessment, and
we welcome feedback and suggestions.

* Time for questions and discussion!

Ed Almeter: ed@hbrisk.com, Direct: (716) 524-1039
Curt Haselton: curt@hbrisk.com, Direct: (630) 514-8980
Kendall Anderson (HB-Risk admin): kendall@hbrisk.com

WWW.Sp3risk.com
© HBRisk Group



EXTRA SLIDES
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FEMA P-58 and Use for Resilient Design

Site Hazard

Structural Structural Nonstructural
Responses Components & Components &
Fragilities

Fragilities

FEMA P58 Monte
Carlo Analysis
ENGINE

Building -Specific

Repair Costs

Repair Time

Vulnerability Curves

Ground Shaking

Ground Shaking
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FEMA P-58 and Use for Resilient Design

8-story concrete frame in Los Angeles

Loss Contributions by Component Type for a 475 Year Motion
100%

Loss Ratio = 0.15

90%
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10% 7%
-, o v v

0% — — |

Structural Partitions Interior Cladding Plumbing Other Collapse Residual Drift

Components Finishes and HVYAC Components
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FEMA P-58 and Use for Resilient Design

= \What Resilient Design is not:

What we typically call performance-based design (uses better analysis, but the goal is
still code compliance, focused on safety) — e.g. LA Tall Buildings, PEER TBI, etc.

Designing for enhanced code (e.g. Risk Category V) and then praying that it gives us
what we want.

= Resilient Design is:

Setting performance goal beyond just safety (e.g. building functional in a week).

lteratively designing until you meet your resilience goals (using FEMA P-58 analysis to
quantify effects of design changes).

: Resilient Design Process
Code Design Process:
. (same with different goals):

Code Prescriptive Resiliency
Design Requirements t
Requirements t (repair time,
(with collapse e repair cost, etc.) FEMA p58
safety goal) ETn Bf

© HBRisk Group



FEMA P-58 and Use for Resilient Design

= Common Resilient Design goals are:

The building can be quickly reoccupied (e.g. in one week after a DE)
The building can quickly regain function (e.g. “Functional Recovery” in month)
The repair costs are limited (e.g. less than 5% repair cost for a DE)

The goal is not “no damage.” Damage is accepted but needs to be controlled
such that building can be reoccupied and can regain basic function quickly.

* |n general, resilient design requires the following:

Structural: No structural damage that requires repair before building can
function (not no structural damage). [selection of structural system, more
strength, lower drift limits]

Non-structural (drift): Non-structural drift-sensitive damage is low enough that
building can function. [lower drift limits, higher capacity components]

Non-structural (acceleration): Non-structural acceleration-sensitive damage is
low enough that building can function. [stronger anchorages, reduce floor
accelerations]

Residual Drifts: Residual drifts are low enough that building can function.

[selection of structural system, strength and drift design]
© HBRisk Group



FEMA P-58 and Use for Resilient Design

» Let’s look in more detail at direct resilient design using FEMA P-58...

Resiliency Requirements

(for DE):

* Reoccupancyin a week

* Building functionalin a
month

* Repair cost <5%

!

FEMA P58

Design “knobs’:

* Structural system
selection

* Design strength (Ie)

* Design drift limit

* Anchorage and
equipment design (Ip)

* Gravity system design

* Cladding design

* Elevator design

* More design of
anchorage and
equipment

e ...can go as deep as
you like...

© HBRisk Group




Structural Engineering Leadership

Summary of Anatomy of the Resilient Design Movement:

Structural
Engineering
Community
Leadership

Analytical Tools

Public Interest

and Demand (e.g. t;ez;:iaer:‘ltci:?
CA AB-1329) (FEMA P-58)

© HB Risk Group
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