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Rubble Stone MasonryRubble Stone Masonry

O
ne

seism
ic

category
w

as
given

particular
attention.

T
he

definition
of

the
vulnerability

curve
of

traditional
rubble

stone
m

asonry
buildings

w
as

based
on

ad
hoc

detailed
seism

ic
assessm

ent
of

actual
buildings

of
the

C
ity

of
A

igle.
In

order
to

im
prove

the
basis

on
w

hich
the

vulnerability
of

traditiona
l

m
asonry

buildings
w

as
quantified,

detailed
seism

ic
assessm

ent
of

m
any

representative
buildings

w
as

conducted.
S

ee
exam

ple
to

the
right.

CategoriesCategories

T
he

seism
ic

categories
are

based
largely

on
those

proposed
in

E
uropean

M
acorseism

ic
S

cale
[E

M
S

-1998]
and

are
adapted

to
the

building
population

ofA
igle.T

hey
are:

1.
T

raditionalR
ubble

stone
m

asonry
buildings

2.
T

raditionalS
im

ple
stone

m
asonry

buildings
3.

M
odern

m
asonry

buildings
4.

R
einforced
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bearing

w
alls

buildings
5.

R
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e
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6.
S

teelbuildings
7.

T
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ber
buildings
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u
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in
g

T
he

city
of

A
igle

(S
w

itzerland),
situated

in
the

S
w

iss
A

lps
w

as
chosen

for
our

pilot
project.

It
is

located
in

an
area

of
m

iddle
seism

icity
w

ith
estim

ated
return

period
of

about
100

years
for

an
earthquake

of
M

S
K

intensity
of

7
and

about
1’000

years
for

an
intensity

of
9.

Its
size

(around
1500

buildings
and

8’000
Inhabitants)

allow
s

a
visual

analysis
of

the
building

population
w

hile
providing

a
large

variety
of

buildings.
It

has
a

w
ide

range
of

structuraltypes
and

is
representative

of
m

any
the

building
population

of
m

any
S

w
iss

tow
ns.

The CityThe City

Risk Quantification ModelRisk Quantification Model

R
isk

Q
u

an
tificatio

n

C
u

rren
t

D
evelo

p
m

en
ts

R
isk

In
ven

to
ry

R
isk

Q
u

an
tificatio

n

D
am

ag
es

C
u

rves

RelationsRelations

D
am

ages
C

urves
coupling

degree
of

dam
ages

of
buildings

w
ith

level
of

losses
w

ere
built.

S
tatistical

available
inform

ation
and

experts
process

to
adapt

into
the

S
w

iss
context

w
ere

used.
W

e
have

developed
this

kind
of

curves
for

direct
econom

ic
losses

and
hum

an
losses.

ConclusionsConclusions

In
the

next
phase

the
D

ecision
M

akers
(governm

ent
officials,

or
plant

m
anagers,

or
insurance

industry
representatives,

or
…

)
m

ust
select

the
strategy

w
hich

w
ill

be
im

plem
ented.

E
ven

if
other

considerations
influence

the
decision,

it
can

be
based

on
recom

m
endations

developed
from

the
findings

of
the

C
om

parative
E

valuation
phase.

T
his

com
parison

phase
is

the
currentstate

ofthis
research.

T
hese

recom
m

endations
m

ust
be

based
on

a
com

parison
w

hich
is

risk-oriented
and

w
hich

accounts
for

different
criteria

and
point

of
view

s.
T

he
com

parison
distinguishes

com
ponents

w
hich

are
objective

(even
if

uncertain)
such

as
econom

ic
losses

or
loss

of
life,

and
aspects

w
hich

are
subjective

because
dependent

on
the

pointofview
ofthose

affected
(loss

ofheritage,pollution…
).

W
e

w
antto

com
pare

traditionalC
ost-benefits

analysis
w

ith
outranking

m
ethods,

w
hich

allow
s

taking
into

consideration
different

criteria
and

points
ofview

.
Porbabilistic ApproachPorbabilistic Approach

A
ccording

the
expected

losses,w
e

have
coupled

the
results

w
ith

the
seism

ic
hazard

of
the

studied
region.

S
o

w
e

have
estim

ated
the

annual
risk

for
people

and
buildings.

W
e

have
used

a
probabilistic

approach
to

evaluate
the

average
risk

(Insurance
P

rem
ium

)
and

w
e

also
have

estim
ated

the
M

axim
um

P
otential

Loss
E

vent(R
e-insurance).

R
isk

=
H

azard
x

C
onsequences

E
arthquake

&
L

ocalC
ondition

StructuralV
ulnerability

&
V

alue
atrisk

O
nce

seism
ic

categories
and

vulnerability
classes

w
ere

defined,
it

w
as

possible
to

link
them

.
E

M
S

98
w

as
used

as
the

starting
point

in
this

operation.
E

M
S

-98
indicates

vulnerability
classes'

distribution
for

m
any

seism
ic

categories.
F

or
exam

ple
steel

structures
are

m
ost

likely
to

be
in

vulnerability
class

E
,

w
ith

the
probable

range
of

vulnerability
stretching

to
D

and
F

,
and

less
probable

range
including

C
.

T
hese

indications
w

ere
interpreted

quantitatively
and

adapted
to

the
characteristics

of
the

S
w

iss
built

environm
ent.

F
or

m
ost

seism
ic

categories,
this

adaptation
w

as
done

on
the

basis
of

available
research

results
(see

below
).

M
uch

relevant
data

from
theoreticalstudies

as
w

ellas
post

earthquake
dam

age
surveys

w
as

available
for

m
odern

construction
types.F

or
reinforced

concrete
buildings,for

exam
ple,

a
previous

vulnerability
study

ofS
w

iss
buildings

w
as

available.
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1.
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3.
S
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4.

R
einforced
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e
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5.
R
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w

alls
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6.
M

odern
m

asonry
buildings

7.
T

raditional
S

im
ple

stone
m

asonry
buildings

8.
T

raditional
R

ubble
stone

m
asonry

buildings
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