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Project Purpose

= Extend the capability
provided by FEMA
273/274 (ASCE 41)

= New buildings
s Enhanced treatment of

nonstructural
performance
ASCE 41 s System rather than
Seismic Rehabilitation component acceptance

s Define reliability

s Address decision-making
needs
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Project Purpose

= Encourage more earthquake-resistant
buildings by enabling design for:
. Better performance
. Reduced cost or other benefits

= Enable improvement of the prescriptive
code criteria without waiting for lessons
from future earthquakes

ATAG
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The P-58 Methodology

Select Performance Objectives

Perform Preliminary Design

Assess Performance Capability

Revise

?
Acceptable” Design

Yes

Construction
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Information the User Needs
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FEMA P-58

s Probabilistic rather than Deterministic

= The probable consequences of building
response to earthquakes, including:
. Casualties (deaths & serious injuries)

. Direct economic loss
(repair and replacement costs)

. Indirect economic and social loss
(red tags, repair and reoccupancy time)

. Energy and Carbon consequences of poor
performance

ACATA
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Expression of Performance
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Predicting Performance
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Motion
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3 Types of Assessments

= Intensity-based:
. What are the probable losses if my building
experiences an earthquake of given intensity?
s Scenario-based

. What are the probable losses if my building is
subjected to a given magnitude earthquake on
a particular fault (or at a particular distance?)

 Time-based

- What are the probable losses over a period of
time considering all earthquakes that may
occur?

ATAG
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THE PROCESS
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Building Performance Model

— 3rd E-W Curtain wall

27 Story N-S Shear walls 3rd Story Contents
3rd Story N-S Shear walls _
3rd Story N-S Curtain wall 2nd E-W Curtain wall

3rd E-W Story glazing

2nd E-W Story glazing

/ —{ 15t E-W Story glazing

1st Story N-S Storefront

1t Story N-S Beam-column joints

an 1st Story N-S Shear walls
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Fragility Specification

Fragility Specification

B1044.000 Reinforced Concrete Shearwalls

BASIC COMPOSITION

Reinforced concrete and finishes both sides

Units for basic quantities

Square feet of wall area

DAMAGES STATES, FRAGILIITES, AND CONSEQUENCE FUNCTIONS

Ds1

DS2

DS3

Flexural cracks < 3/16"

Flexural cracks > 1/4"

Max. crack widths >3/8"

DESCRIFTION Shear (diagonal) cracks < 1/16" Shear (diagonal) cracks > 1/8" Significant spalling/ loose cover
ILLUSTRATION it s \}\_F

(example photo or drawing)

MEDIAN DEMAND

1.5% 3.0% 5.0%
BETA 0.2 0.3 0.4
CORRELATION (%) 70%

DAMAGE FUNCTIONS

Patch cracks each side with caulk
Paint each side

Remove loose concrete
Patch spalls with NS grout

Patch cracks each side with caulk
Paint each side

Shore
Demo existing wall

Replace

Patch and paint

CONSEQUENCE FUNCTION

Max. consequence up to lower quantity

$4.00 per sq ft up to 800 sq ft

Min consequence over upper quantity

$2.00 per sq ft over 4000 sq ft

Beta (consequence)

0.2

$10.00 per sq ft up to 800 sq ft
$5.00 per sq ft over to 4000 sq ft
0.3

$50.00 per sq ft up to 200 sq ft

$30.00 per sq ft over 2000 sq ft
0.3

TIMEFRAME TO ADDRESS CONSEQUENCES

days

weeks

months
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Analysis
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Analysis Results
s Predict median
values and o for:

m Story drift

m Floor acceleration

» Floor velocity
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L oss Assessment Procedure

= Generate a series of 1,000s of synthetic
analysis results “realizations” consistent
with:

Statistical median and variability
Correlation of demand parameters

observed in actual analyses
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For Each Realization We Compute
Building Performance

Initiate
Realization

Does
Collapse
Occur?

Determine
Casualties
Obtain Demand
Simulation
Is %

Building Reparable?

Yes

Repair cost = replacement cost
Repair time = replacement time
Condition Tag = unsafe

Determine
Damage

v

Calculate Repair cost = replacement cost
Repair Cost Repair time = replacement time

Condition Tag = unsafe
_ Calculate

% Calculate Determine Non-collapse Done
Repair Time Condition Tag Casualties
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Performance
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Some lessons learned
= ATC 63-2/3 project

. Performance assessments of low and mid rise
building of comparable occupancy but different
occupancy category

= Hospital (Occ IV) - MOB (Occ II)

= EOC (Occ IV) — Commercial Office (Occ II)
= Steel Moment Frame

= Concrete Shear Wall

= Nonstructural damage predominates
losses

ATAG
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Some lessons learned

= Current code procedures do not provide
adequate protection for Occupancy IV
facilities
. Cladding, stairs and other displacement-

sensitive components are equally likely to fail

= Buildings have lower drift, but components are
designed with lower drift tolerance

. Anchorage of components is equally likely to
fail
= [,=1.5 used for nonstructural bracing
= [=1.5 and tighter drift means structure can transmit

more force
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Some lessons learned
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= Different structural systems, all designed
to the same criteria, have far different
likely losses
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Some lessons learned

Repair Cost

0.2 04 0.6 08
Intensity - Fraction of MCE

Tile - Median Cost == « Plain Roof - Median Cost

Tile - 90th Percentile == « Plain Roof - 90th percentile

= Predicted losses are larger than
experienced in past earthquakes, but
match commentary expectations
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Planned Future Activities

= Add “green” module to PACT

= "Tune” the procedure to past earthquake
data

= Update and enhance fragilities

= Determine expected performance for
huildings of different types and occupancies

= Develop simplified design rules for different
nerformance

= Arrange for integration with BIM/Analysis
tools
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Questions?

AN
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