Prediction of seismic hazard
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Prediction of seismic hazaed

B Time, location and intensity of earthquakes
are probabilistic.

= Intensity and damage is probabilistic.

Probability evaluation of earthquake occurrence
is necessary for prediction of damage to
buildings

B Today’s contents
e Probabilistic model for occurrence of EQ
e Analysis of seismic hazard

Ref.: Akenori Shibata, “Analysis of Structural Safety
by probabilistic approach”
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Probabilistic model of EQ occurrence

B Annual probabilityN(m) for occurrence of EQ with
magnitudem or more in target region.
N (m) = ™
T
T: duration
L(m): number of EQs with magnituda or
more in T years
B Density function for average occurrence numbg

n(m)= —dd—m N(m)
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h

=

Probabilistic model of EQ occurrence

B EQs with magnitude lower limity, or more are taker
into consideration.

n(m)

my Magnitudem My Magnitudem
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Gutenberg-Richter Law (G-R eq.)

B Exponential function is suitable foi{m) of previous
earthquake data.

IogN(m)=a—bm or InN(m)=a-,m
where,a =alnl0, S=bIn10

G-R eq.
N(m)=e" " = Ne /™™

)= -

logN(m)

my Magnitudem
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Probabilistic function of EQ magnitude

B probabilistic distribution functiom a regionF,(m)

=>» probability of occurrence of EQ with magnitude of
mor less

Fo(m)= o N g N g ptom)
NO NO
B probabilistic density functiofy,(m)
= probability of occurrence of EQ with magnituae

fy )=
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Probabilistic function of EQ magnitude

Fu(m) fu(m)

my Magnitudem my Magnitudem
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Example 1

B Activity of earthquakes in a region is represented b
average annual occurrence shown in the table belg
B Evaluate probabilistic density function of EQ
magnitude.
e Consider magnitudey=6 or more.

Magnitude m | Average annual

occurrence N(m)
6 0.1

7 0.01

8 0.001

~

W.
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Analysis of seismic hazard

Analysis of seismic hazard is...

B Prediction of probability of intensity of seismic motion|at
a location in a period.

Probabilistic distribution of maximum magnitudetiyears.

(intensity of maximum seismic motion is more impoittfor seismic
design than number of earthquakes)

e Assumption 1: Imaginary point source is assumed.

e Assumption 2: G-R eq. is applied to relation of magle and
number of occurrence.

e Assumption 3: Simple poisson process is appliectuoence
of earthquakes.
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[Ref.] Simple Poisson Process

Probability ofk-times occurrence in duratidm(k,t)
e Number of occurrence in unit timess

e Divide durationt into n period withk-times occurrence and (n
k) times un-occurrence. A =y

Probability of occurrence int is vAt.

e Probabilityp(k,t) can be given based on the binominal theorgm.

o n! =
p(k,t)=,C, (vat)* (1 -vat)™™* = pICEm] (vat) (1= vat)™™
when n=cw, plkt) =(Vlt<—l)ke’"°‘
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Analysis of seismic hazard

Probability of occurrence fde-times of EQs (over gh

in t yearsp(kt) «

p(kyt)=7(Nlﬁ)

Probabilistic distribution function of maximum
magnitude irt years

Fumulr) = 5 O o, i = oS- (8

= Nt [gMNetFu (m) — e*No!(lfFM (m)}

e Nt

- e_,\,ﬂ,e—ﬁtmfmu)

Modified using characteristic valug

o~ In(N,t)
_g Alm-ut) = NN
FM max(m):e : UM [3
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Maximum magnitude m in t years
I:M max (m) = e’eiﬂ(miu‘) fM max (m) = ﬂe_ﬁ(m_u‘ )_eiﬁ(miu{)
Fut (M) 1yrs. ()
o
™~ tyrs.
my Magnitudem mo Magnitudem
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Maximum ground motion in t years

B Seismic intensity, PGV and PGA are necessary for
damage evaluation of buildings.

B Attenuation model with magnitudms, distance and
ground motiory is widely used.

Attenuation function

y=a [&*"[1™*
Where,a;, a,, a;are constants for of source and transfer
characteristics.
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Maximum ground motion in t years

y=a, %" 1™ ismodified to
1
mza—(lny—lna1+aglnr)

2
Introduction ofminto Fy,,(m) gives
probability distribution function of maximum
ground motiory.

(y) — ~NtCE Y 1y (Ala2)

F e

Y max

Where, ¢ =™ @/ ,V:/?%
2
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Maximum ground motion in t years

Seismic groung, for lower limit magnitude ofn,

pEam o =car)t k=l
Probabilistic function of maximum ground motion
intyears

F (y) = @ Notyo/y)' = g=(w/y)"

Y max
k v k+1 - "

f =gl e/

)= 2 ]

Where, V; = Y, [{Not)"™
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Maximum ground motion in t years

K+l
(y) = e'NuthYu/Y)k = e_(V|/Y)k fy max(y) = Vh Eﬁvf‘j @*Wy)k
t

FY max y
FY max(y) 10yrs fY rmx(y)
30yrs
1.0
oy \
max. acceleration {gal) max. acceleratioy (gal)
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Seismic hazard curve (probability of exceedence)

Probability of ground motion of or more int years.

Py = 1- FYmax(y) =1- e'("‘/y)k

Py

Maximum acceleratiog (gal)
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