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Hierarchical and Basic Fragility Modelling
O1 »» Tutorial using MLE by MATLABooIBox
Z Parameter estimation

Building class 2Timber residentia) of South Pacific 2009

Reese, S., Bradley, B. A., Bind, J., Smart, G., Power, W., and Sturman, J.: Empirical building fragilities from observed damage in the 2009 South Pacific
tsunami, Earth-Sci. Rev., 107(1-2), 156-173, 2011.
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/C-DSamples{ ih RFEER § }

[ sh s}Q T  p

Fraeiliny Moclslline: Bayesizn Inierence for Parameisr N Epﬂs
o

EUROPEANPLATEOBSERVINGSYSTEM
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Prior: A multivariate normal distribution
with zero correlation between the pairs
of model parameters



https://www.ics-c.epos-eu.org/

% CloatitsErztepitpaiion for mlisrzirenia:zl Frzejility Modsalline: Sayesizn Infsrencs for Parzmesisr
EStimation

Hierarchical Fragility Modelling using Bayesi:
02 b » Tutorial Inference byComputeFrag- Parameter
estimation

Building class 2Timber residentia) of South Pacific 2009

Mixed Building type Masonry and Wood of Dichato, Maule,

Mas, E., Koshimura, S., Suppasri, A., Matsuoka, M., Matsuyama, M., Yoshii, T., Jimenez, C., Yamazaki, F. and Imamura, F., 2012. Developing Tsunami fragility
curves using remote sensing and survey data of the 2010 Chilean Tsunami in Dichato. Natural Hazards and Earth System Sciences, 12(8), pp.2689-2697.
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Hierarchical Fragility Modelling using Bayesian
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: FragilityiAssessmﬁent using%GeneraIized Regression

-
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e« The probabllltles of belng in dlfferent damage states can be calculated

Nat. Hazards Earth Syst. Sci., 23, 909-931, 2023 Natural Hazards £ : ;
gmmsmzmﬁm Leel smem).@u . in a recursive way | _
Lheﬁuﬂvecummm Attribution 4.0 License. Sciences # ' X
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L (i=m,):[ 1= P(DSiM,) | . for j=1

Empirical tsunami fraglllty modelling for hierarchical damage levels P (DS i |M :)_ 0
Fatemeh Jalayer'?, ?, and Brendon Bradley® : : : : ‘ : : . :
- ... \l=m=pP(D<D|M,)  forj=0

3Department of Civil and Natural Resources Engineering, University of Canterbury, Private Bag 4800,
Christchurch 8140, New Zealand el O 15

P(DS,, |IM)=P(D=D,, \m/.f,.)lefflp(psjuﬂag) : :

P(D=D,|IM,)=P(DS, |H\Ji)+lj’(D >D,,[IM,) for 0= j <Ny
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03 . Tutorial Hierarchical and Basic Fragility Assessment
. using MLE of fragility model parameters

Building class 2Timber residentia) of South Pacific 2009

Mixed Building type Masonry and Wood of Dichato, Maule,
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MLE-based fragility assessment, Model 2
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o Robust Fraglltty (RF) is defined as the expected value for a prescrlbed
wﬂfﬁnﬂ%ﬁ an”da‘E”;?.'h”s?fSZ’mi@u fragility model considering the joint probability distribution for the
fragility model parameters 6,,. Thp RF herein can be expressed as:

l.th:luﬂveCununm Auribution 4.0 License. Sciences #

Empirical tsunami fraglllty modelling for hierarchical damage levels

Fatemeh Jalayer'?, %, and Brendon Bradley®
‘lusttute for Risk and Disaster Reduction, Univerity College London. Gover Suet, London WCIE GBT. UK

P(D>_D \IM D.M ) IP(Dsz \IM,e )p (e DM )de ~Fips [P(D>D \IM 9 )]

of Naples Federico I, Naples 80125, lsly [ P T . U PO

for
3nepnmmaicwmnmmnmm s Engineering, University of Canterbury, Private Bag 4800,
Christchurch 8140, New Zealand

2 o, [P (DD, |IM 0 )] - [P(Dsz |§IM,9,,)2:I—(]EMD,M‘[P(szj |IM,9,()DZ

" B " 2
;NLNiP(Dznj\lee“)z :P(DzDAIM,D‘M,) (Eq.16)
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e The RE integral can;be solved nu;merically by employing Monte Carlo

e s anNdatrz"ar?z'hSH;fS?msg@u ' simulation with Ny generated samples from the vector 8, as follows:

Empirical tsunami fraglllty modelling for hierarchical damage levels

Fatemeh Jalayer'?, %, and Brendon Bradley®
‘lusttute for Risk and Disaster Reduction, Univerity College London. Gover Suet, London WCIE GBT. UK

for of Naples Federico II, Naples 80125, ltaly .,A]
3nepnmmafcwmnmmnmm s Engineering, University of Canterbury, Private Bag 4800, . d =
Christchurch 8140, New Zealand H
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. The integral equation for standard deviation of the fragility can be
s S an”da‘l;”;?.'h“;;;;";)@u - solved numerically by employing Monte Carlo simulation with- Nd
the Creative Commens Attribution 4.0 License. Sciences # . . :
generated samples from the vector 0, as follows: :

Empirical tsunami fragility modelling for hierarchical damage levels

eyt e P [P(D>D |1M.0 )]_—Zp(m D, |IM ok,) P(SD> D,|IM. DSM )2

for of Naples Federico II, Naples 80125, ltaly X ak}D!
3nepnmmaicwmnmn1nmm s Engineering, University of Canterbury, Private Bag 4800, 0= L=

Christchurch 8140, New Zealand
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Hierarchical Fragility Assessment using
Bayesian Inference
BUIIdlng class 2Timber residentia) of South Pacific 2009

Mixed BUIIdIng type Masonry and Wood of Dichato, Maule,

Building class 3 (Non engineered light timber) of Sulawesi

Tutorial

04 b

Paulik, R., Gusman, A., Williams, J. H. et al. (2019). Tsunami
hazard and built environment damage observations from Palu
city after the September 28 2018 Sulawesi earthquake and

tsunami. Pure Appl. Geophys. 176, 3305-3321.
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The median intensity;- , for a given
damage level, is calculated as tH#
corresponding to 50% probability on the
fragility curve.

The logarithmic standard deviation
(dispersion) of the equivalent lognormal
fragility curve at the onset of damage
threshold,} , Is estimated as half of the
logarithmic distance between the IMs
corresponding to the probabilities of 16%
("O0 ) and the 84% Q0 ) on the fragility
curve; thus, the dispersion can be
estimated as
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Robust fragility, sample fragilities and fragility parameters for Model 2
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Jupyter Notebooks for Fragility Visualisation
https://github.com/eurotsunamirisk/VisualizeFragility



https://www.ics-c.epos-eu.org/
https://github.com/eurotsunamirisk/VisualizeFragility

Stilelisle) ekss 2 (Mimase resicdaniizl) of Souin Paelile 2009 Tsurzmi C\/ EP S

EUROPEANPLATEOBSERVINGSYSTEM

DS,

DS DS DS Robust fragility, sample fragilities and fragility parameters for Mode
E|3.4.5~ 1 o 0 - ©0_.0.0 _

D, Ds D, Ds

DM

The Issue of rejected samples

Some samples { may lead to fragility
curves with unrealistic configurations as
follows: (1) having negative slope as tH#/
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