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Limit-State MAF Estimation

SAC/FEMA: Probabilistic basis becomes “mainstream”

Uses Mean Annual Frequency of limit-state exceedance
— Or “mean return period” or “X% in 50yrs”

— Use to characterize performance

How to compute for arbitrary limit-state?

— Seismic hazard curve (PSHA)

— Structural analysis (e.g., IDA)

Numerically integrate!
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Numerical Integration
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Cornell et al: Analytical solution

Approximate hazard Approximate IDA

[EnY
o
(=]
[En
N

@ oo 160/:) fractile : | |
) s —50% fractile | : :
10k %_ 1| |"==84% fractile | T § h
':,H °°°°°°° power—law fit | | | Ul
107} A R S S S |
% . ‘ ‘ i < 9,,,=0.068'SL
10_37' % : : VA |
< goo g i T
10 & g | | ,’I P ;
| 8 oaf o A St T .
107 o T g
10° % v’ ',:«" |
—7:‘”‘1 Doy R RS £ 0 ""’i | | 1 1
10 10 10° 10t 0 0.01 0.02 0.03 0.04 0.05 0.06
S (T..5%) (q) maximum interstory drift ratio, Gmax
at' 127
« Tangent fit in log-log « Fit median by power-law
e Obviously conservative * Assume constant dispersion
 Problems with curvature « Locally ok!
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Improving the hazard fit (1)

Approximate hazard Integrants
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* Bias the fit! « Tangent fit is too conservative

* Higher weight on frequent
events
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Improving the hazard fit (2)

Approximate hazard Integrants
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« Biased 2" order fit * Not sensitive to fitting details
e Less local
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No free lunch...

« 21 order fitting means new closed-form solutions

« MAF Estimation

— Original As=H(S) ex;{l klzﬁszcj ¢p<1
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MAF Estimation Errors

Displacement hazard MAF error
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* Tangent fit is off-scale « Biased 15t order: 20-70% error
* Biased fits look ok « Biased 2" order: 5% |
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Safety Checking Errors

Benign case Tough case
0.035 — 0.035 :
e 2 T g)r(lzc;rder biased fit
=-=1st order biased fit
0.03} ',—ff 003F i L4 ling e | = ==tangent fit i
© ©
3 3
S S
S 0.025) ooseccaseas oo 4 8 o025} .
X Safe region °
o : o
Lo Lo
o o
O 002f 1O o002 :
M M
0.0151 exact 1 oots, / ';...;;‘f-':s:Z':fSfo:’:'::.::--3',','7",',,',
«eee=== 2nd order biased fit : : ,.....-:s'-':j':.""— ‘
«=-=1st order biased fit 1 e JUREUREE L Lt bt i
: : : . |===tangent fit = : : :
0.01 1 1 1 1 1 1 0.01 1 1 1 1
001 002 003 004 005 006 007 008 001 002 003 004 005 006 007 008
EDP 50% capacity EDP 50% capacity
 Same observations * Errorsincrease away from 1:1
* Errors at least non-astronomic « Demand of 1.5% may “need”

infinite capacity!
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Final remarks

v" Novel analytical solutions
v Fully resolve hazard-fitting errors
v’ Other, smaller error sources remain
v' Cornell et al. solutions still usable
* They just need a biased fit to improve

* ....only avoid if hazard function is strongly curved

Please never use a tangent fit!
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