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> Tsunami events are natural disasters that involve entire communities:

= “The 2004 Indian Ocean tsunami”
Major damage: Sumatra (Indonesia)

Victims: about 250 000

= “The 2009 South Pacific tsunami”
Major damage: Samoa

Victims: about 200

= “The 2011 Great East Japan tsunami”’
Major damage: Tohoku (Japan)

Victims: about 16 000
| Sumatra- 2004 | | Tohoku- 2011 |

» Tsunamis are a series of fast moving ocean waves generated by natural or
anthropic events (off-shore activities near seismogenic faults).

» Empirical fragility functions have been built after major tsunami events, but these
functions cannot be used for estimating vulnerability of other coastal communities

» In a quantitative risk-assessment framework, the proper estimation of existing
buildings fragility under tsunami loading is of paramount importance for predicting

the potential impact of tsunami events in coastal areas.
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* Framework for developing analytical fragility functions at community level

Definition of typological classes

Uncertainities:
* Mechanical properties
* Geometrical properties

Monte Carlo simulation for
generating a buildings
inventory

Definition of damage states

Tsunami loads

v

* Non-structural members
* Structural members
* Global collapse

Structural analysis

v

Fragility functions
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Non-structural members
2004 Indian
Structural members
Ocean
. Collapse
Inundation depth [m] p
2 3 4 5 6 7 8 10 11 12 13 14 15
Damage  Classification Description Condition
level
1 Minor There is no significant structural or non-  Possible to be use immediately
damage structural damage, possibly only minor after minor floor and wall clean
flooding up
2 Moderate Slight damages to non-structural Possible to be use after moderate
damage components reparation
3 Major Heavy damages to some walls but no Possible to be use after major
damage damages in columns reparations
4 Complete Heavy damages to several walls and some Possible to be use after a complete
damage columns reparation and retrofitting
5 Collapsed Destructive damage to walls (more than Loss of functionality (system
half of wall density) and several columns  collapse). Non-repairable or
(bend or destroyed) great cost for retrofitting
6 Washed Washed away, only foundation remained, Non-repairable, requires total

away

total overturned

reconstruction




* Definition of damage
states for RC frames
with masonry infills

Derinition olidanage states

MLIT Empirical definition [21]

Proposed analytical definition

Damage Classification NON- STRUCTURAL NON- STRUCTURAL
state STRUCTURAL MEMBERS STRUCTURAL MEMBERS
MEMBERS MEMBERS
No significant
Minor structural or
DSO damage non-structural - - -

damage, minor
floodin

Heavy damage Heavy damage
Major to some infill to non-structural
DS2 q walls but no components
amage .
damage in (out-of-plane
columns collapse)
Light damage to
Allthe infillsar | STuowrel
DS3a ground storey (on?ﬁr;:f 6c))rfs'[he
el el s steel yielding
Complete Heavy damage to several infill strain

Washed away

Washed away,
total overturned




Istnami loads on structures

* Modelling of the tsunami loads for large scale applications

JAPANESE STANDARDS
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* h=inundation depth

Other components of tsunami-induced loads on structures, such as buoyancy, scour
and debris impact, have negloected in this preliminary study
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e Structural analysis methodology for assessment under tsunami loading

VDPO: Variable Depth Pushover Analysis v Force controlled
v’ Step-by-step increasing inundation
Hydrostatic + Hydrodynamic actions depth h

-——
! |

p = sea water density
= g = gravitational acceleration

H...=ah with a=1.5-3

wave

L = impacting surface =) Function of the
L 1 behaviour of
external infills

» Simple mechanics-based models for calculating the tsunami inundation depth associated
to the achievement of each damage state have been developed to avoid FEM analysis.

Reference:
“Fragility assessment of a RC structure under tsunami actions via nonlinear static and dynamic analyses” C. Petrone, T. Rossetto, and K. Goda



Application telltalian coastalicommunities

* Definition of typological classes for Italian coastal communities

v" Six typological classes have been defined for Italian residencial RC buildings based on the
following attributes:

Age of construction: Before 1980 Before 1980 After 1980
| i Seismic loads L.
Structural design: Gravity loads Seismic loads
n. storey
5 * Low rise (1-3 storey) * Low rise (1-3 storey) * Low rise (1-3 storey)
| *  Medium rise (4-6 *  Medium rise (4-6 *  Medium rise (4-6
storey) storey) storey)
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Evolution of seismic classification in Italy

Age of construction
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Applicationitertalian coastal’fcommunities

» Definition of analitycal fragility curves for a buildings invetory

v An inventory of 100.000 buildings was generated with a Monte Carlo simulation per each

typological class

Before 1980 - Gravity

Low rise RC buildings
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Conclusions anatture developments

v The proposed methodology allowed to define analytical tsunami fragility
functions at community scale performing very easy calculations for a large
number of buildings and avoiding the use of finite-element models;

v' The methodology is generally valid and can be adopted for every coastal
community, after the definition of typological classes and of simulated design
procedures strictly related to a specific study region;

v' Damage states and related mechanics-based models were specifically developed
for RC frames with masonry infills. Future works will expand the proposed
methodology to other structural typologies typical of coastal regions.
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