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Problems this talk seeks to pose

Problem 1: We have known for more than a decade that some

intensity measures predict structural response better than the

ones we use. What has held adoption back? Does it make a Posing problems...

difference?
Gerard O’Reilly

Problem 2: Two groups publish vulnerability models for the same
Offering solutions!

building class. One conditions on PGA, the other on Sa(ls). How |

can we compare? Should they give you the same answer? (

Problem 3: Two identical buildings on the same street, and you

know they felt the same shaking. One has collapsed. Does that

tell you anything about the other?
Davit Shahnazaryan Tomas Mejia Vitor Monteiro
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Intensity measures are the interface variable

-----------------------------------
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Problem 1: Better intensity measures
exist. Why do we not use them?




Legacy IMs have maintained a stronghold in practical
applications
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* Average spectral acceleration has 10-15

Total (Structural + Nonstructural + Contents)

years of research demonstrating its benefits
across d range of structural typologies and
seismic scenarios g
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https://docs.openquake.org/vulnerability/vulnerability_models.html

Next-generation IMs reduce aleatory uncertainty

* Compared with Sa(T), the average spectral acceleration (Sa_,.(T) but also written as AvgSA) has lower

avg

dispersion for both hazard and vulnerability

Lower GMM dispersion Lower empirical fragility function dispersion
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Hazard infrastructure missing for risk analysis

* Very few GMMs or spatial correlation models existed until

recently
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Principal component analysis used to develop spatial cross-
correlation models

-118.60 -118.40 -118.20

* Considerably faster to use compared to indirect

formulations or Cholesky decomposition

Carrelation

3

* IMs like Sa_,(T) can be efficiently implemented

avg Coherent

on a regional scale

-118.60 -118.40

* Vector-IM fragility /vulnerability models can be Distance [km]

used

* With these new options for risk analysis, what

are the implications on regional loss assessment?

Vitor Monteiro
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Problem 2: Same buildings, two
fragility/vulnerability models, two
intensity measures




Resolving model IM incompatibility

1.0
* Two groups publish fragility /vulnerability models for the

]

same building class, one on PGA, the other on Sa(1s). 2 087
s

* How can you compare them? g 0.6 4
L
* Should they return the same results? 5

2 0.4 A
* Are they equally implementable? E

* Could we harmonise them? £ 021

0.0 A | T
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Model IM conversion can be done, but there’s a catch

* We looked at existing methods based on simple

conversion factors and methods based on total 1.0
probability % 0.
(8]
e Some IMs work better than others §
o 0.6 -
x
* We dalso extended this to vulnerability functions -
2 0.4 7
* Insights into how we can develop more flexible 3
o)
fragility /vulnerability models 2 0.2
gty Y &
0.0 1 T T
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Problem 3: One building collapses.
What about its neighbour?
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Is damage independent?

Probability of Collapse Building A Building B
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Intensity

1.0

0.0

Uncorrelated:  Collapsed Not Collapsed

Which makes more intuitive sense? Correlated: Collapsed Collapsed
Does it even matter?




Response correlation can be either damage state-based or
demand-based

* What are the problems with this damage state-based i Class Class u T
approach? ‘Bdg.a --- Bdgh ‘Bdg.c --- Bdgd
* It requires a big covariance matrix! {DSg---DS;} {DS--- DS} {DSi---DS;} {DSj--- DS}
: sk skIT [skk L. gEdT [shk . skl Tghk ... gkl
a,a a,a a,b a,b a,c a,c a,d a,d
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Not conclusions, starting points

* The hazard infrastructure that blocked next-generation IMs now exists.

[J Vitor asks whether it changes regional losses.

* Models on different IMs can be converted, within limits.

[ Davit shows how and where we can improve.

* Response correlation between similar buildings is intuitive.

[] Tomads discusses solutions and impacts of assuming independence.
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