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ABSTRACT: The pos-earthquake assessment of existing structures cafurbeer complicated by th
progressive damage induced by the occurrence efjaesce of after-shocks. This work presents a simpl
methodology for the calculation of the probabilifyexceeding a certain limit state in a given im&iof time.
The time-decaying mean daily rate of occurrencgigrificant after-shock events is modeled by emiplgy
site-specific after-shock model for the L’Aquila@®after-shock sequence (central Italy). The oenae of
after-shock events is modeled using a non-homogertmisson model. An equivalent single-degree of
freedom structure with cyclic stiffness degradai®nsed in order to evaluate the progressive darnagsed
by a sequence of after-shock events. Given theltistery of the main-shock and the residual dantagsed
by it, the probability of exceeding a set of diserBmit states in a given interval of time is adkted. Of
particular importance is the time-variant probapibf exceeding the limit state in a 24-hour (a)dayerval

of time which can be used as a proxy for the lgfety considerations regarding the re-occupancthef
structure. The method presented herein can alssde in an adaptive manner, progressively conaitiaon
the time-histories of after-shock events followihg main-shock and on the corresponding residualada
caused by them.

1 INTRODUCTION shocks are characterized by a rate of occurrerate th
The inspection and management of civil structureslecreases as a function of time elapsed after the
after the occurrence of a severe earthquake esgente@arthquake. Therefore, the occurrence of the after-
subjected to considerable challenges. The posshocks are modeled by a non-homogenous Poisson
earthquake deterioration as a result of the sequehc process with a decreasing time-variant rate. Tret fi
after-shocks may obstacle significantly eventuafew days after the occurrence of main-shock can be
inspections and/or re-occupancy of these structlmes very decisive as there is urgent need for re-oaucypa
fact, a significant main-shock is often followed Ay of the building (for rescue or for inspection) vehthe
number of after-shock events (usually smaller ifrmean daily after-shock rate is quite considerable.
moment magnitude) which take place in a limitechare The present study presents a procedure for caileglat
(i.e., the after-shock zone) around the epicenit¢h@® the time-dependent probability of exceeding thatlim
main event. This sequence of after-shock events catates corresponding to various discrete performanc
last in some cases for months. Although these sventbjectives. A simple cyclic stiffness deteriorating
are smaller in magnitude with respect to the mairsingle degree of freedom (SDOF) model of the
event, they can prove to be destructive on thstructure is used in order to study the damageasceuil
structure. This is due to both the significant nembf as a result of a sequence of after-shocks. The- time
after-shocks (in some cases up to 6000) and téathe decaying model parameters are estimated for the
that the structure has probably already sufferedl’Aquila 2009 after-shock sequence using a Bayesian
damage from the main event. updating framework based on the Italian generic
The occurrence of main-shock events is often modelesequence as prior information. As a criteria for
by a homogenous Poisson stochastic process witissessment of the decisions regarding re-entramce f
time-invariant rate. However, the sequence of afterinspections purposes, the (time-dependent) prababil
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of exceeding the limit state of life-safety in af2dur where N(t) is the total (daily) number of after-shock
interval is compared to an acceptable thresholé& Thevents at time t elapsed after the main-shockkgnul
less severe limit states of severe damage and ohsetandc are constants. The magnitude distribution for the
damage can be used in a similar manner in order tftershocks is modeled using the Gutenberg-Richter
make decisions regarding the re-occupancy ankhw:

serviceability of the structure. N(m) = ATC™ (1)
where N(m) is the number of events with magnitude
2 METHODOLOGY _ greater than or equal tn andA andb are constants.
The objective of this methodology is to calculdte t Therefore, the mean daily rate of aftershocks with
time-dependent probability of exceeding variousmagnitude equal to or greater than m and equat to o
discrete limit states in a given interval of timar fa smaller than the main-shock magnituue] at time t

given structure subjected to a sequence of aftegjapsed after the main-shock is equal to:
shocks. The methodology presented herein for the

evaluation of the limit state probability in a givéme _ 102+E(Mnm @)
interval can be used for decision making between (t+c)P

different viable actions such as, re-entry/evacumati _ _
re-occupancy/shutting down. This methodology start§inally, the mean daily rate of aftershock with
from the state of the structure after it is hitdoynain- Magnitude equal to m following a mainshock &fm
shock. Therefore, given that the main shock waveS@n be calculated, by differentiating Equation 2hwi
forms are available, the damages undergone by tHESPect to magnitude, as (Yeo & Cornell, 2006):
structural model can be evaluated. The clustering o 1QR+H(My =)

earthquakes usually occurs near the location of the(t) =blog(l0)——=— 3)
main-shock also referred to as the after-shock .zone (t+c)

Therefore, it is assumed that for the sequence afhe uncertain parameters to be estimatechaceand
earthquakes including the main-shock and afterishogq where a measures the likelihood of aftershocks
events, each point within the after-shock zone igccurring ang is measure of the after-shock sequence
equally likely to be the epicenter of an earthquakelecay with time anct is a time off-set parameter.
event. The aftershock clusters should be eventuallyherefore, the posterior joint probability distritmn

classified based on their generating source, shoulédr uncertain parametess ¢ andp can be calculated
they belong to different fault structures, as ia dase by implementing the Bayes formula:

of L’Aquila Earthquake. An important characteristic

of the sequence of after-shocks following the main-p(a, p, c| datg = p(datajapgdaps (4)
shock is that the rate of after-shocks dies oftlkjyi Za Zp Zcp(datal apofgaps

with time elapsed since the main-shock. The time- _ o )

decaying parameters of the aftershock sequence atéerep(datala,p,c)is the likelihood function for the
estimated by applying a Bayesian updating frameworRftershock data observed ap@,p,c)is the joint prior
to the L’Aquila 2009 sequence based on the ltaliafrobability distribution for paramete® and p. The
generic after-shock model as prior information. Theparameter b decides the magnitude distributiorhef t
methodology presented is of an adaptive nature; thafter-shock events and is estimated separatelr (iat
is, with occurrence of more after-shock events, théhis section) using the Gutenberg-Richter magnitude
state of the structure can be updated by evalutieg distribution.

damages undergone by the structural model subjected

to the sequence of main-shock and after-shocks. 5 5 periving the likelihood function given a, p and ¢
_ The probability that at least one after-shock of
2.1 Bayesian after-shock sequence parameter magnitude equal to m occurs in time interval [0,T]
estimation elapsed after the occurrence of the main-shockbean

The aftershock sequence is modeled using a nogalculated from a non-homogeneous Poisson process
homogenous Poisson process in which the timelReasenberg & Jones 1989, 1994):

decaying rate of the occurrence of aftershocks is T o
modeled by a modified Omori law: P(AS| T, m=1- LL #0 } (5)
N()=—1 1)

(t+cf



The cumulative distribution function (CDF) for the
inter-arrival time IAT between the aftershock ewent
occurring at timed *! =1 can be written as:

-[Y
P(lATS(t _‘—l)lt—lrm):]-_ i J.Ll’u :|

(6)

where N is the total number of aftershocks occgrrin
in time T. Replacingu(t) from Equation 3 in Equation

6, a closed-form solution for the probability
PIAT<(t =1)11-1.™ can be obtained as following:
\1Oa+b(Mmfm)|_ 1 1
—blog(10Y} Tp L(tl+c)p-1 (1410 P"

PIAT=(t - {) {1 m=1-¢e
(7)

The probability density for the inter-arrival time

b|0910 e—blog10 m
g Plogio M,

p(m| b= 9)

_e_bk)gmMm
Therefore, the posterior probability distributioor f
parameterb given the sequence of aftershock event
with magnitudeErrore. can be calculated using the
Bayes formula:

p(datal B g B

1
>, p(datal b (0

p(b| datg =

wherep(datab) is the likelihood function and can be
calculated using Equation 10:

N
p(datal =] Hml b (11)
=1

between aftershock events with magnitude m can be

calculated by calculating the derivative of Equati®
with respect to time:

102+0(Mm=m) |’ 1 1

1-p L(ti +C)”'l_(ﬁ,1+0)‘*l} (8)

—log(10Y)

P((t —t) [t m)=u(t)e

Hence, the likelihood function for a sequenceNbf
aftershock events with magnitude equal
m:i=1,..,N occurring at timest :i=1,..N can be
obtained.

2.3 The prior probability distributions for parameters
a,pandc

It is assumed that the prior probability distrilouis for

As the prior distributiornp(b), the ignorance prior is
chosen:

const

p(b) = o (12)

The lower cut-off magnitude for estimation of the b

toparameter is chosen by establishing the completenes

criteria in the database. That is, the b-value is
estimated by varying the lower cut-off magnitude. |
can be observed that the estimated b-value ingease
with increasing cut-off magnitude up to around
Mi=2.5; for magnitude values larger than that, it was
estimated to be roughly constant.

a, p andc are independent. Regarding the choice oP.5 The probabilistic seismic after-shock hazard
prior, the probability distributions recommended by

Lolli and Gasperini, 2003 the generic Italian
aftershock model, reported in Table 1, are used:

Table 1: A priori predictions of Italian aftershodccurrence
from 1981 to 1996

Parameter Mean Val@andard Type
Deviation

p 0.93 0.21 Logormal

Log10(c) -1.53 0.54 Normal

b 0.96 0.18 Lognormal

a -1.66 0.72 Lognormal

2.4 Estimating the b paremeter

The parameterb is estimated separately from the
Gutenberg-Richter formula for the distribution of

magnitude. The probability of having an aftershock™

with magnitude equal ton which is smaller than or
equal to the main-shock magnitud&im and larger
than a lower limit magnitudévii is equal to:

The probability that the structural accelerationthed
fundamental period of the structueexceeds a given
level x given that a significant after-shock event with a
source-to-site distanc® has taken place denoted by
P(S>x|as) can be calculated as:

ol [ ]

min

Ymax

) R 5> k mR(pm dmd
(13)

wherexmin, Xmax Ymin and ymaxare the minimum and
maximum coordinates of the after-shock zone with
respect to the site anB?=x*+y*. It is assumed that
every point inside the after-shock zone is equally
likely to be the epicenter of an after-shodWdm is the
oment-magnitude for the main-shock event avid

Is the lower-bound for the moment magnitude for the
earthquake events of engineering interest. The term
P(S,> x m B can be calculated using the parameters
of the ground motion prediction relation for theesi
and p(m) is the truncated Gutenberg-Richter
probability density function for moment magnitude:



P(LS;Tmax) of exceeding a specified limit stalté in

pePm
time Tmaxcan be written as:

P = —Fa— vy (14

N
B=blog10 whereb is related to the seismicity of the p(Ls T,,0=> R LY ) Ri fa (18)
site. The mean daily rate of exceeding a giventsalec =

acceleration level can be calculated by multiplying

Equation 14 by the average daily rate of occurrerice WhereP(LSi) is the probability of exceeding the limit

after-shock events: state given that exactly after-shocks take place in

H(S >X)=v(1)[P(S >x|as) (15) time Tmax and P(i;may) is the probability that exactly i
after-shock events take place in timenad It is

wherev(t) is the time-dependent average daily rate 0fssumed that the after-shock hazard for the siteof

occurrence of after-shocks afterdays are elapsed : .
from the main-shock. structurg is e_xp.ress.ed by a non-homoger@nsson
probability distribution with the time-decaying eat

2.6 Updating the hazard after the occurrence of the denoted byv(t). The probability of having exactly

main-shock events in time haxcan be calculated as:
After the occurrence of a main-shock, assuming that ( Tmaxv(t)dt))' oo o
its wave-form is known, the probability of exceaglm P(i;T, ) = (19)

given value of spectral acceleration can be updated il
using the Bayes formula taking into account th
spectral acceleration at the fundamental periothef
structure for the main-shoc&; ms

e'I'he term P(LSi) can be calculated by taking into

account the set of mutually exclusive and collesttiv

exhaustive (MECE) events that the limit state is

B(Suse= X S mo A= P(Sums| Shas™ X35 P Fas K 3S exceeded at one and just one of the previous after-
,as ms pr(%,msl Sias= Xab P Ga K & shock events:

(1) p(gi)=P(C+ C, C+-+.+ CCC_ Cf)

where p(S, .= X S e @ denotes the probability
density function (PDF) for the spectral acceleratd (20)
the after-shock given that the spectral accelaratidb

the mql_n-shock_ 'S known, P(Sims| Sas= x aFIS the limit stateLS due to thgth event and C. indicates
probability density function for main-shock givemet o negation ofC. The probabilityP(dli) can be

after-shock spectral acceleration is known andurther broken dolvn into the sum of the probalaititi
P(Sums| Sias= X a5 is the PDF for after-shock spectral of two MECE events that everthits the ‘“intact”
acceleration before having the extra informationstructure (i.e., damaged only by the main-shock) an

Having calculated the updated PDF, the updatetpat the eventhits the damaged structure:

whereC;, j=1,..j indicates the event of exceeding the

probability of exceeding a given after-shock spactr P(C[i)=P(C!fi)+P(CDIi) (21)
acceleration can be calculated using the following
relationship: Equation 21 can be further expanded as follows:
_a-_PE>3 . . R .
P(S,= %=~ S;X 17) P(C 1)=P(G [LDP i Y. PG K DPKI,  (22)
k=1

where kk=1,2;--,i-1} indicates the number of times

3 THE ASSESSMENT OF TIME-DEPENDENT the structure has been damaged by an after-shock
LIMIT STATE PROBABILITY before reaching the target limit state, implyingttthe

Let Tmax denote a given interval of time elapsed after’ tructure deteriorates with the occurrence of each
a main-shock has taken plabéthe maximum number event. The formulation in Equation 22 is basedten t
of after-shock events that can take place duringx T consideration that an event can hit a structuready
andTt the repair time for the structure. The probabiIityd-ama-geCI by one or morprevious eveni(s). This

' situation occurs only if the inter-arrival tiMAT for
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events is smaller than the repair timeMoreover, log¥, > log§; -> log §; > log Ylog §
since the inter-arrival time can be described by th azz Z : Z Z

2
Exponential probability distribution, the probability nZ|OgS§,i_(ZIOg %,i) (26)
that the structure is damagkdimes before reaching _ ‘ ‘
LSis equal to: b= nD10g% > 109§ ) 109 §, > log ¥

nz log &, —(Z log %,i)z

The limit state probabilityP(C;|D..i,S, (%)) can be
calculated as:

Assuming that the structure under repair is hit by

another after-shock event, the repair operatioms arpc | 5 (1)=1-o log¥e, ~log(rvg (1) (K)) 27)
going to resume from zero. Thus, the probabilitst th e Tinv(K1S.(T)

the structure is intact when hit by an event can be

calculated as the probability that th&T is greater In order to calculateP(C,| D, i), the expression in

T T k
p(kli)= ek " (1— é‘fo”(’)d‘)J (23)

than the repair time: Equation 27 needs to be integrated with the prdibabi
. density function (pdf) for the spectral accelenatio
P(I |i):e(_-[ov(r)dt) (24) given that a significant after-shock has taken glac

calculated by the differentiation of the complenaent
Observing Equation 22, one can identify the seggenaccumulative  distribution  function  for  spectral
of the limit state probability terms, namely(C; | 1,i)  acceleration given a significant after-shock haema
and P(G | k,i) wherek=1,---,(j—1). place. Therefore:

3.1 Estimation of limit state probabilities PG D“')_Io PG 108 (OAS(DI & (28)

In order to calculate the sequence of limit statd&Vhere the hazard curve is calculated at the
probability termsP(C; | O, ,i) wherek=1,.--,(j-1), the fundamental period of the damaged structure dftier i
following procedure is applied. A selection of being heat byk-1 ground motion records. The
earthquake records (consisted of main-shocks amurocedure described in this section for the catmria
after-shocks) is selected. In order to emulate thef the probability of exceeding limit stateS can be
deterioration caused by the sequence of after-shockemployed to calculate the limit state probabilities
each ground motion is appliédtimes in sequence to an increasing sequence of limit states, e.g., from
the structural model. The maximum displacemenserviceability to collapse.

response of the structure due to the sequence of k

events denoted by(k) is related to the spectral
acceleration at the fundamental period of the dathag
structure, after being subjectéel times in sequence |y the previous section, it is explained how the
to the selected ground motion record using theafine propability of exceeding the limit stateS in a given
least squares (in the logarithmic scale). Thatthie, interval of time can be calculated. However, itofs
median for maximum displacement is described bynterest to calculate the probability of exceedthg
Nys 7, (K=a3,(T,)" and that the standard deviation (of jimit state in a reference time interval(e.g., 2ts).
thedodarithm) of(k) givens is calculated as: The probability of exceeding the limit state in the

3.2 The limit state probability in a 24-hour interval

reference time intervall[T+AT] can be calculated as:

;(Inv(k) ~In aig( P°)’ P(LS[T,T+AT])=P(LST+AT)-P(LST) (29)
Iy (WIS (T) = n-2 (25)

Therefore, the probability of exceeding the lintdte
in one day can be calculated from Equation 29, by

wherea and b are regression coefficients calculated_ .=~
settingAT equal to one.

as:

4 NUMERICAL EXAMPLE

The methodology presented in the previous secson i
applied to an existing structure as a case study.



4.1 Structural model probability of failure given that a sequencekddfter-
e . shocks has occurred is calculated following the
The case-study building is a generic five-story RGyrqcedure explained in previous section. For each
frame structure designed to resist seismic acE@ch  gsequence df earthquakes, the maximum displacement
storey is 3.00m high, except the second one, wisich response of the equivalent SDOF system is calailate
4.00m high. The non-linear behavior in the sectisns A jinear least squares method is used to estinae t
modeled based on the concentrated plasticity cdnceppedian and the standard deviation of maximum
It is assqmed that the pla_stlc moment in the h'ngﬁisplacement as a function of spectral acceleradion
sections is equal to the ultimate moment capaaity iyne fundamental period of the damaged structunegoei
the sections. More details can be found in a ptes/io g piected t-1 ground motion records. The median
work by the authors (Asprone et al. 2010). In ofder 4nq' standard deviation of the maximum displacement
simplify the structural analyses, an equivaleniyt the k-times damaged structure are then used to
degrading (SDOF) system is used as the structurghicyjate the structural fragility assuming thatisit
model. In ‘order to model the the non-linearggnormal. The failure probability for the damaged
characteristics of the equivalent SDOF system, & no gy cture can be calculated by integrating thectiral
linear static analysis on the case-study structere_ fragility and the spectral acceleration hazard at a

performed.  The resulting pushover curve isperind close to the fundamental period of the dardag
transformed into that of an equivalent SDOF systenarcture.

with T.=0.58ec and yield displacement equal to

d:=0.034 calculated based on the first mode shape of N _ _ _
the structure. Based on the resulting equivalerd-4 The probability of failure in a 24-hour time
pushover curve, a non-linear degrading hysteresis interval

model for the equivalent SDOF system is constructedThe probability of exceeding the limit state oflapke

in a day (24 hours) has been calculated from Eguoati
4.2 The L’Aquila aftershock sequence 29 settingAT=1. The results are plotted in Figure 1

) _ ) _ where they are compared against an acceptable mear
The Bayesian updating framework is used in order taaily collapse rate of 21073365, as a proxy for life

rate for the sequence of after-shocks following theyerage equivalent to an acceptable mean anneal rat
L'Aquila earthquake of 6th April 2009 with moment ot ¢o|lapse equal tox20°. This verification is done

magnitude equal t®1 =6.3. In order to estimate the for ensuring life safety for the building occupants
parameters of the L’Kqulla sequence, the loweraffit-

level for magnitude is set &=3 which is above the
completeness level as discussed before. Bhes
calculated as the maximum likelihood estimate (MLE)

-4

value for the posterior probability distributiondated 0 R
given the L’Aquila sequence magnitude values. it ca — 5% residual
be seen the the MLE fdy value is equal td=1.03. . = = = 30% residual

This is while theb value for the generic California 107"
after-shock sequence is calculated to be equal t
b=0.91.The parametees p andc are estimated using
the procedure described in previous section using
cut-off magnitude equal t¥=3. The joint posterior
probability distribution fora, p and c is also
calculated.

P(LS|Time)

4.3 Calculation of failure probabilities

In order to calculate the failure probabilities doghe 10° . ‘ ‘ ‘ .
sequence of after-shock events, a set of 50 grour ° Time [weeks]

motion records (consisting of main-shocks and after

shocks) are chosen. Each ground motion record | ) . , -
applied sequentiallk times on the equivalent SDOF igéjer?nt dF;robablhty of exceeding the collapseitim
model with cyclic stiffness degrading behavior. The y
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It can be observed that the low-residual strucisre 5 CONCLUSIONS
|mm6d|ate|y below the acceptab_le threSh0|d for- life This paper presents a pre”minary effort for
safety limit state; whereas, the high-residual cises  quantification of the time-variant probability of

not verify the acceptable threshold up to around onexceeding various discrete limit states for a stmec
We6k elapsed after the occurrence Of the maln'ShOC'ﬁ an after_shock prone environment_ A Simp'e

After 7 days, due to the decreasing rate of ocooee methodology is presented for calculating the
of after-shocks, the structure verifies againstlttee  propability of exceeding a limit state in a given
safety limit state threshold. It should be notedtth interval of time elapsed after the occurrence & th
such a time-variant performance assessment can kin-shock event. This procedure employs an after-

potentially useful for evaluation of the re-occupan shock model based on the modified Omori law in
risk for the structure after a certain amount pfgihas order to model the time_decay in the mean da”g rat

passed from the occurrence of the main shock.df fa of the occurrence of significant after-shocks. The

the necessary time elapsed after the occurrence ggismic after-shock hazard at the site of the &trads
main-shock in order for the structure to verify tie-  cajculated by setting the main-shock moment
Safety limit S.tate is calculated for a range Ofdeal to magnitude as the upper limit for magnitude and is
collapse displacement capacity ratios. Figure Zpdated using the Bayes formula given that the lsmal
illustrates (solid line) the time required in order amplitude spectral acceleration of the main-shack a
verify the collapse limit state for different res&l  the fundamental period of the structure is knowne T
percentiles for the L'Aquila after-shock sequenite. progressive damage caused by the sequence of after-
can be Observed that the structure immediatel)fia'eri ShOCk events iS mode|ed in the form Of a Suite of
the life-safety limit state when the residual daeé&)y (different ground motion recordings that are applied
minimal, whereas, it might take more than a yeafrepeatedly) to the simplified structural model ttha
before the structure verifies in cases where thielu@l  jncludes cyclic stiffness degradation. Conditiored
damage is very significant. the occurrence of a given number of after-shodies, t
fundamental period of the damaged structure and its
residual and maximum displacement response are
calculated. The statistics of the structural respoto
the suite of records can then be used to calctitate
probability of exceeding the limit state capacltycan
be observed that the probability of exceeding tmé |
state capacity increases as a function of the nuwibe
significant after-shocks until it reaches a plateaal
remains constant afterwards. Conditioned on the
occurrence of a given main shock event, the
probability of exceeding the Ilimit states of
serviceability onset of damagesevere damagend
et R I S A collapsein a given interval of time are calculated. It
o RIS NS NN SRR N R can be observed that the limit state probabilities
first day A e st ok 1year increase as a function of time although they seem t
reach a constant threshold at the end of a yeaegas
from the occurrence of the main-shock. In order to
Better observe this effect, the collapse limit estat
probability in a 24-hour period is calculated ag th
increment of the time-variant limit state probalilin
a given interval of time (measured in days). Int,fac

gt?ﬁc&%lérien ?Jlf(?er'”tgsggrt_ﬁs tthhee thl)rlrllae srgqltlrgﬁ?st]}o? t comparing the time-variant probability of collapsea
y p 24-hour period of time against an acceptable

the generic California after-shock sequence (th?nreshold, it can be observed that the strongly

dashed line) and the generic Italian after-shocla : -
: amaged structure could be occupied after a certain

sequence (the dotted line). It can be observeddhat amougt of days has elapsed after tﬁe occurrentreeof

given level of residual damage in the Structureremo iy spock while the lightly damaged structure doul

time is required in order to verify the collapseili o' o0 nied immediately. This type of verificatican
state when the parameters of the generic afterksho%e useful for evaluation of re-occupancy risk foe t

sequence are considered instead of those of &, res located in a zone prone to after-shocks,
L’Aquila sequence.

— | 'Aquila Sequence

..| = = = = California Generic Sequence

0.6+ e

o
'S
|

o
(93]
|

residual to collapse displacement ratio
o
(8]

©
[¥)
|

o

Figure 2: Time elapsed after the occurrence of th
main-shock in order to verify the life-safety
requirements
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based on the life-safety criterion. In fact, theessary
time elapsed after the main-shock for the structare
verify the life-safety requirements is calculatesl &
function of different values of residual to collaps
displacement capacity ratio. It is observed thateti
needed to verify against the life-safety limit etat
increases exponentially as a function of the lefel
residual damage undergone after the main-shock. The
methodology presented in this work is adaptivehm t
sense that the limit state probability evaluatioas be
updated in time as more after-shock events takeepla
The proposed methodology could be used for post-
earthquake decision-making between a set of viable
actions such as, evacuation, shut-down, repairrend
occupancy.
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