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Outline

= Jon: Context, overview of FEMA P-58, and development
of a method for assessing functional recovery

= Curt: Practical project examples and other use cases
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Evolution of Performance-Based Design
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Key Concepts

= Performance-based design
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Key Concepts

Administrative and construction
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Key Concepts

= Functional Recovery definition
— Recovery to “basic function”

— More than reoccupancy, but r =
IeSS th a n fu I I fu n Cti 0 n al ity Collapse Safety Reoccupancy Functional Recovery  Full Functionality

(from FEMA P-2090/NIST SP-1254)

= Repair time versus downtime
— Time to conduct repairs
— Consideration of impeding factors




Key Questions

= \What is basic function?
= How long can we live without it?
= At what hazard level?

= What damage impairs function?
= For how long?

= Can we tune designs to achieve
desired recovery times?
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FEMA P-58 (ATC-58 Project)

= FEMA P-58 Seismic Performance 3
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FEMA P-58 Assessment Process
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Extension of FEMA P-58 (ATC-138 Project)

Hazard Structural Damage Loss Analysis
Analysis Analysis Analysis Casualties

Placards

(courtesy of A. Liel, D. Cook )

= Assessment of Function requires:

— Update of Unsafe Placard (Red-Tag) logic

— Update of Repair Time scheduling

— Assessment of Impeding Times

— Fault tree logic for functional impacts of damage
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Unit of Analysis: Tenant Unit
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Unit of Analysis: Tenant Unit
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Measure of Performance

Level of Performance
X% of the building
floor area

Performance State
This tenant unit is/is-not
functional

(courtesy of A. Liel, D. Cook )
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Assessment of Function

Building Function

Accessible
Functional
Check 1. Check 2. Check 3. Check 4.
Building Safety Story Access Local Safety =~ Tenant Function

(courtesy of A. Liel, D. Cook )
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Overall Building Safety Check

v" Structural safety (red tags)
v Fire suppression

v" Exterior falling hazards

(courtesy of A. Liel, D. Cook )
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Story Access Check

v’ Stairs

v'Door racking

(courtesy of A. Liel, D. Cook )

Designing for Functional Recovery — The Next Step in PBSD E



Local Safety Check
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Tenant Function Check

v" Extensive damage to
structural components
and architectural
finishes

v Operation of building

MEP systems
H m v' Based on tenant-
A specific requirements

(courtesy of A. Liel, D. Cook )
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Basic Fault Tree Logic

Function
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Mapping Damage to Function - Electrical

Electrical/Power Failure Hard QueStlonS
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= \What access is needed
for reoccupancy?
Backup Power

System Failure = What systems are
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Repairs and Repair Scheduling

= FEMA P-58 Repair Times

— Series (lower bound)
— Parallel (upper bound)

= More sophisticated scheduling is
needed
— Consideration of impeding factors
— Prioritization of repair schedule
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Impeding Factors and Repair Scheduling

— Financing =

+‘ Permitting —| System Repair
Occurs

- Contractor [

| Clean Up and Tmp. Repair

(courtesy of A. Liel, D. Cook )

Designing for Functional Recovery — The Next Step in PBSD



Repair Sequencing

1. Temporary and/or structural repairs Functional Recovery
necessary for safety |

2. Access repairs (stairs, doors, feoceupaney
elevators) necessary for occupancy I —

3. Other repairs necessary for ! Y
I All othes
occupancy |
(HVAC, lighting, exterior envelope
containment)

4. Other repairs necessary for function
(data, special equipment)

5. Nice to have repairs (patch and paint)

t IMEP/Data Systems

I
Stairsl/ Cladding

Structure

v
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Conclusions

= The ATC-138 Project has developed a working (beta)
version of the methodology that:
— Quantifies time to recovery of function

— Maps component damage to building function through a
series of fault trees

— Identifies reoccupancy, functional recovery, and full
functionality as separate repair states

— Shows the restoration of building function over time

— Summarizes specific component damage states affecting
building function (to aid resilient design)
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Conclusions

= |t is envisioned that this methodology can eventually
be used to:
— Design buildings to meet functional performance objectives

— Provide cost-benefit data for decision makers to inform
development of functional recovery policy

— Quantify risk-based prescriptive requirements for functional
recovery design in future editions of the building code
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Thank you!
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