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INTRODUCTION & AIM
1 Seismic post-1981 Fragility curves show how likely buildings are
2 to sustain damage as earthquake intensity The Generalized Extreme Value (GEV) distribution is a statistical model used to analyze and
- " increases, supporting better mitigation and predict the behavior of extreme values—rare but impactful events. It unifies three types of
0.6 | ® ||| emergency planning. Rost et al. developed extreme value distributions into a single framework:
i widely used empirical fragility curves for . Gumbel (Type I)
0.4} ey Italian  buildings using Da.D.O. post- . Fréchet (Type II)
0.2} N o efarthquc’_:lke data, fitting them with lognormal . Weibull (Type IlI)
d /T,,__tf' 0S4 distributions to create national reference The GEV captures the peak more precisely
%001 02 03 04 05 = curves for risk assessment. and also matches the right tail better,
PGA (g] which is crucial for modeling rare, severe
We analyzed residential RC L'Aquila o\ 15“,05
and masonry buildings, earthquake ..||||
grouped by height and il H“”“" -
design level. Rosti et al. ——— & 1 ——
produced national fragility - P | \ _ ' ' x
curves using a lognormal g =L W 4”| “’\\ e —————————
distribution, but unclear data 0 /M‘ | !,|H|\|!|!|rlmn‘m... .........
filtering and curve- - 15 2 28 3 3 4
generation steps limit 4 5

reproducibility. We recreated
their curves with multiple
approaches and introduced
the Generalized Extreme
Value (GEV) distribution to
better represent extreme
damage behavior.

METHOD

Method One

The shape parameter ¢, which controls the tail behavior; the location parameter y, which
shifts the distribution along the axis; and the scale parameter o, which determines the

Irpinia spread. Together, they define the distribution’s flexibility in modeling extreme events.

earthquake o :
optimization techniques:

» Non-linear Least Squares (NLS)
» Maximum Likelihood Estimation (MLE)

RESULTS & DISCUSSION

Reproduced Rosti et al.’s fragility curves using multiple MATLAB fitting methods.
Parameters u (location), o (scale), and ¢ (shape) estimated via nonlinear fitting and
MLE closely match empirical data.

GEV-based curves better capture rare, high-damage events compared to traditional
e e lognormal models.
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Fragility Curve Comparison for RC_HIGHRISE_GRAVITYLOADS

—— Dataset GEV DSl ~ —~: Rosti RC Lognormal D51
—— Dataset GEVDS2  ——' Rosti RC Lognormal DS2
—— Dataset GEV DS3 == Rosti RC Lognormal DS3 L~
—— Dataset GEV DS4  —— Rosti RC Lognormal DS4
—— Dataset GEV DS5 == Rosti RC Lognormal D55 /
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e Completeness ratio checkly
filtering e Structural type filtering

. . . Fragility Curve Comparison for RC_ LOWRISE POST1981
e Material filtering gility p 1 i
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1 — Dataset GEV DSl == Rosti RC Lognormal DS1

—— Dataset GEVDS2  —-- Rosti RC Lognormal DS2
—— Dataset GEV DS3 =~ Rosti RC Lognormal D53
| — Dataset GEVDS4  ——- Rosti RC Lognormal D54

—— Dataset GEVDS5 == Rosti RC Lognormal DS5 /

o
n
f

=
-
Probability of Exceedance

=4

=3
o
[N

s

Damage
level e Based on the surveyed
data

IRR-F-NCD - Damage Level: D2

(=}
w
A
A}
A}
\
A
\Y
A

A

A

A
A
A}
A
Ay
A
A
A

0.0 A

0.0 0.1 0.2 0.3 0.4 0.5
Ground Acceleration (ag)

=
S

verification

e
w

\
\
\
\
\
\
\
\
\,
\
\
\
\,
.y
\\
N
~
.
~
3
<)
S
f

Probability of Exceedance

hed
N

Fragility

curves

<
=

5 020 025 030 035
PGA (Peak Ground Acceleration)

-
I”
’/
rd
I”
‘f
I”
-
-
-
-
-
-
/
~=

0.0 0.1 0.2 03 0.4 0.5
Ground Acceleration (ag)

CONCLUSION

« GEV provides a more robust statistical alternative to the traditional lognormal model for
seismic fragility analysis, especially in representing structural behavior under extreme
intensities.

« GEV-based fragility curves capture rare, high-damage events more accurately, improving
the reliability of seismic risk assessments for severe earthquakes. This enhanced
modeling supports better disaster mitigation decisions, addressing limitations of

lognormal assumptions in the upper damage states.
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Method Two

el ® Extract Data from Rosti et al. Curves

' e Apply Smoothing & Interpolation
smoothing (Generate 5000 Uniform Points)

¢ Non-linear Least
Curve Fitting Squares

Scripts

showed excellent agreement with the » Validation using damage observations from past earthquakes.
. reference curves. The estimated median
Comque Fit spectral displacement and dispersion

Quality parameters were consistent with those
provided in the literature.
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