Improved HAZUS
Vulnerabilities for PAGER

September 23,2009

Hyeuk Ryu', Nicolas Luco?

' Stanford University, 2: U.S. Geological Survey



Qutline

® HAZUS Fragility/Vulnerability Models
® |mproved Fragility Models

® Multilinear Capacity Curves

® (Capacity-Consistent Damage State
Thresholds

® Collapse Fragility Models
® |ink to PAGER

® Example for Taiwan Buildings



HAZUS Fragility Models

® Conditioned on spectral displacement

® Not compatible with USGS hazard
curves/maps

® Coupled capacity spectrum method

® Not able to accurately consider record-
to-record randomness

® Vulnerability models provide only mean
value of loss ratio



Hazard-compatible Fragility Models

i 10 10° 10’
IM: S_(T=0.50sec, £=5.0%), (g)

A
response (Dy, Ay)
g
P .g
<
5
5! (Dy,Ay)
Q
2
. -
Displacement 4
@
Str:S1L, Moderate Code; GM Rec:SFERN/PUL254 .at2 TO:
0.4 T . ; t—
0.3 / -7 _(.0.
- /} 7/ a
ay

G . W / /z

I 1 -0.4 i i
I nte n S Ity * N B D-i1splace(r)nent, (1in) 2 ° ‘

=
\%
S

P(DS > ds|IM =im) = [ P(DS > ds|EDP = edp) - fepp m ( ) dedp
o (Karaca and Luco, 2008)




Improved HAZUS Fragility/
Vulnerability Models
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Capacity-Consistent DSTs

I, (Park, 1988)
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1.0 for low-rise
where a5 = < 0.67 for mid-rise

0.5  for high-rise bldgs.



Prob. of Exceedance

Prob. of Exceedance
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HAZUS Collapse Fragility
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Improved Collapse Fragility
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Link to PAGER

Fatality Assessment

L(Sa = x)s P[DS = collapse

S = x]x LdS(DS = collapse)
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Link to PAGER

U.S. Bldgs
from —
HAZUS

Incremental Dynamic
Analyses
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Improved Fragility/

Vulnerability Models




Link to PAGER
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IDA vs. SPO2IDA

SPO2IDA

User-specified Sa(T1, 5%)

6.5<M=<6.9

GMs User-specified 15 Lrm<R<33 km

Moderately
User-specified | pinching model, no
cyclic deterioration

Hysteresis
model




Example for Taiwan Bldgs

Low-Rise Unreinforced Masonry
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Collapse Fragility Models

Low-Rise Unreinforced Masonry
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Example for Taiwan Bldgs

Mid-Rise Concrete Moment Resisting Frame

07 I I I | |
| | | Capacity Curve

| | ; O Yield point
06 ............. ............. ............. ......... o Ultlmate pOint i
1 i i ® Residual point

OBk o N ]
C
5 Q4F N ]
@
@
8 03F A
&)
<

O
N

DSTcompIete

o
=
1

0 10 20 30 40 50 60
Displacement (in)



Collapse Fragility Models

Mid-Rise Concrete Moment Resisting Frame
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Summary

® |Improved fragility/vulnerability models

already being developed for U.S. building
types from HAZUS.

® Development methodology applicable to

non-U.S. building types from PAGER.



