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Objectives

What can SPAA do for us? Or rather what

do we need?

Use SPAA to get a limit state annual
probability result

Use 1t to help motivate the basis of the
Framing Equation

Show i1ts relationship to the needs
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The Framing Equation

Apy(2) = IIGDVDM (z]y)] dGDM|IM (y[x) [ dA (%)

Apy (z) = Mean Annual Frequency of DV =z

DV

DM
IM

Decision Variable(s) (costs, lives lost, collapse limit states, ...)

Damage MC&SUTC(S) (displacements, fractures, ...)

Ground Motion Intensity Measure(s) G4, s,, ...)
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PBEE Assessment Needs:
Can SPA-Analeis HelE?

* Limit State (e.g., collapse) Probabilities

 Familiar format(s) for checking that limait

state probabilities meet objectives.
¢lC =yLlD

e Economic Loss Assessment
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Elements of the Assessment

Response

Ground Motion Hazard |
P
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Ground Motion Hazard
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Dynamic Response vs. Ground
Motion Intensity

Drift Time History ; ; : : :
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Dynamic Global Instability
Capacity

Van Nuys 7 story old relnforced concrete frame: (with degrading elements), SAG LA records
Van Nuys 7 story old relnfomed concrete fmme wit h degradmg elernents), SAG LA records
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Limit State Probability
A =AP[D>(]

A, = )\J'P[D >C|s]fg (s)ds

dA S, (s)

ds

M (s)ds = ds = [ dAg, (5)]
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Limit State Probability (cont’d)

A; = [PID>C|s]|dAg ()]

A = [[Fe()fis, (xI$)ds [dAg ()]
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Limit State Probability (cont’d)

Ay = J-J-FC (X)fmsa (x[s)ds |dA S, (s) |

_ J-J-FC(X# [dG s (x[8) ] dAg ()]
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Lim. State Prob.& Framing
Equation

Ar = [[Ee(x)]dGpg (x]) [dAg ()

Ay (2) = IIGDVDM (z]y)] dGDM\IM (y[x)[dA (x)]

y X
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Lim. State Prob. & Framing
Equation

A = [[Fe(x)]dGg (x]9)| A (5)

Aoy (2)= [ [ G (219) [ Gy ()| D ()

y X
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Lim. State Prob. & Framing
Equation

A = [[B(0) G (x]5) | dA (5)

Apy(2) = IIGDV\DM (z]y) dGDM\IM (y %) ]| dAy (x)]
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[L.im. State Prob.: Closed Form

A = [[E-(01dG g (x]9) [ dAs ()
After fitting specific forms to these functions:
A; = }‘sa (sf)exp A 2 (BC +BDM|S )]
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[Lim. State Prob.: Estimation

Ground Motion

" : Ac
A
/@apacity
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_(S a Mﬂ’r [Sa>sa] Maximum Interstory drift Angle , D
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[LL.im. State Prob. >LRFD Format

2
- K
Ap = )\sa (Sg)exp[%?(ﬁé +B%)M\Sa )]

Re-arranges to:

_ 2 A 1/2(k/b)B% . &
1/2(k/b)BE T =c ( )BD|SaD X
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L.im. State Prob.: LRFD Check

Response

Ground Motion Hazard |
P
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Displacement-Based “LRFD”

e—1/2(k/b)[3é

Format

C =
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Economic Assessment Analysis

A = [[B(0) G (x]5) | dA (5)

Mot (2) = [[Gonep (212 dG . (x]9) [ AN (5)]
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Seismic Performance Assessment
Analysis

* Provides guidance for integration of Ground
Motion Hazard, Nonlinear Dynamic
Response and Capacity

* Produces annual frequency of limit state
“exceedance”

* In integral form, solution by simulation,
numerical integration and approximate
closed form approximations
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Seismic Performance Assessment
Analysis

Closed from solutions lead also to familiar
LRFD-like formats for the assessment

* Economic loss analysis falls into similar
integral form.

Both limit state and economic analysis can
be represented by a common generic form
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