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Traditional approach to seismic risk

Constant rate of earthquake occurrence

Rate of earthquake occurrence
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Seismic event

(intensity is a random variable)




Introduction Evolutionary Structure lllustrative application Conclusions and future developments

Traditional approach to seismic risk

e Constant rate of earthquake occurrence

* Non evolutionary vulnerability: the structure is considered in the as-new condition right after
each seismic event.
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Time-dependency in seismic risk

Daily rate of aftershocks’ occurrence for non-homogenous Poisson process give the magnitude

of the mainshock, mg:

103+ (me-m) _loa)/w Modified Omori law

Gutenberg-Richter coefficients Time since the mainshock
Magnitude range

Aftershock rate

t [days]

Yeo G.L., Cornell C.A. (2009). A probabilistic framework for quantification of aftershock ground-motion hazard in California, Earthquake Engng. Struct. Dyn. 38(1): 45-60
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Introduction Evolutionary Structure

Time-dependency in seismic risk

APSHA filters the rate by the (time-invariant) probability that the ground motion intensity
measure, IM, at the site of interest exceeds a threshold:

Ao (1) = Ay, (1)-P[IM >im” |me v |= 2, (8)-[[P[IM >im"[m,r|-f, . (m,r)-dm-dr

— PAImg
m,r \

Joint pdf of magnitude and
source-to-site distance

(S

=
o0

=
o)

S
o

P[Sa > sa|Aftershock,m_,r. |
-
~

OO
[\

4 6 8
sa [m/s 2]

Yeo G.L., Cornell C.A. (2009). A probabilistic framework for quantification of aftershock ground-motion hazard in California, Earthquake Engng. Struct. Dyn. 38(1): 45-60
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Time-dependency in seismic risk

Damage accumulation for a mainshock-damaged structure in an aftershock sequence.

4 0 As-new capacity
E m* } Capacity loss in the mainshock Initial capacity
> e e B
S : Aftershock
a Structural damage damage
O . 1
I Distribution of — due to i-th shock E accumulation
g random damage | Random . [ atgiven time,
= inthe 1°shock | interarrival time i D(t)
- . of aftershocks c T
S M, : : :
o ™ : \ : Failure threshold
Q@ [ A NS LT TTTTTTTT T W= oo
o Mainshock | =" s |
tO\ 1° Aftershock i-esimo Aftershock ~ n-esimo Aftershock | time
(intensity is a |
random variable) Seismic sequence
p(t)=p Dt ZAM P (t)=1-R(t)=P[p(t)<p, |=P[D(t)2 & - |=P[D(t)2 &

lervolino, 1., Giorgio, M., Chioccarelli, E. (2015). Markovian modelling of seismic damage accumulation, EESD, 2015, doi: 10.1002/eqe.2668.
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Evolutionary SDoF and history-dependent damage measures

—

Earthquake damage is instantaneous with
respect to the lifespan of the structure

Damage distribution is dependent on the
state of the structure at the time of each
seismic shock

Earthquake damage accumulation
can be modelled via a Markov chain

Structural conditions can be discretized in a
finite number of damage states

P,y \
DS-3

DS-4

NGNS N
\\ - /

-1 DS-2

1113
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Seismic Damage
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Seismic Damage due to Aftershock

If the unit-time, rate of occurrence of earthquake shocks is small enough such that the probability
of observing more than one seismic event in the unitary time interval is negligible:

P [ J —th state ‘i —th state] = P; =' Pij|A

Rate of aftershock occurrence

The matrix reporting the probabilities of the structure moving between any state in a unit-time

interval:
[P(tt+at)]fv(t), l.[pE]+(1-V(t)A|mE) [1]D=1[P]
V ’/'/

Earthquake occurrence in No Earthquake in the Certitude that the structure remains
the unitary time interval unitary time interval In the same state if no earthquakes
occur,

Because the transition matrix changes with time leading to a non-homogenous Markov chain, the
probabilistic prediction of the evolution of damage is:

[P(t,t+m)]:H [P (t+i<Dtri)]
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lervolino 1., Giorgio M., Chioccarelli E. (2013). Markovian modeling of seismic damage accumulation, Earthquake Engineering and Structural Dynamics, 2015, doi:

10.1002/eqe.2668.
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IHlustrative Application

displacement-related damage index: the
structure reaches collapse because it
exceeds its maximum plastic displacement,
that is maximum strain, independently of
the amount of dissipated energy;

mn

IAfterlshockl rate |
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lllustrative application

Results
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The structures is yellow
tagged in the following
week: i.e., can be
entered only by trained
agents.

Conclusions and future developments

The structures is green
tagged in the following
week: i.e., ordinary
activities can start.
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Future developments

SPO2FRAG: BUILDING FRAGILITY ESTIMATION USING STATIC PUSHOVER
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lervolino 1., Baltzopoulos G., Vamvatsikos D., Baraschino R. (2016). SPO2FRAG v1.0: software for PUSHOVER-BASED derivation of seismic fragility curves. Proc. of VIl European
Congress on Computational Methods in Applied Sciences and Engineering, ECCOMAS, Crete Island, Greece, 5-10 June.
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Future developments

s SPO-BASED STATE DEPENDENT

— SPO to IDA Tools.
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Damage accumulation example for a SDOF structure, considering a real recorded
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Thank you for your Rind attention




