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- Seismic Risk in Italy
- Seismic Microzonation
- Abacuses of Amplification Factors (F.A.):

Step 1: Model of the subsoil and seismic input
Step 2: Seismic Site Simulations

Step 3: Abacuses’ realization
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Basilic of San Francesco d’Assisi with
Cimabue Paintings (XIll Century)
Central Italy Seismic Sequence (1997)

Student House
LUAquila Earthquake (2009)

o

Hotel Roma
Amatrice Earthquake (2016)



SEISMIC RISK IN ITALY

SEISMIC RISK: 2?7



SEISMIC RISK IN ITALY

SEISMIC RISK: Hazard * Vulnerability *
Exposed Value
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Basilic of S. Francesco d’Assisi with Cimabue Paintings Student House
Central Italy Seismic Sequence (1997) LUAquila Earthquake (2009)

Italy is one of the country in the Mediterranean with
the highest seismic risk
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SEISM IC HAZARD MAP Seismic hazard maps provide

et & sk iy (Vo 500 e cat A ko 3218 probabilistic estimates of the
i B otz ko earthquake ground shaking exceeding
: bt a given threshold in a given geographic

region within a given time window.

Provides the 10% probability of
exceedance in 50 years of the
horizontal acceleration at rock sites
(i.e., soil category A, V5, > 800
m/s, Nuove Norme Tecniche per le
Costruzioni, NTC 2008.)

The engineering bedrock 2 vs> 800 m/s
(soil category A = stiff soil or rock).

< Softer soils 2 vs< 800 m/s
Ay Y 3 % 1 0y Are expected to amplify the seismic action

Flborancre aptie 2004
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http://ismd.mi.ingv.it/notes-links.php

SEISMIC RISK IN ITALY

SEISMIC REGULATION

> BUILDING
' SEISMIC Program on
|‘| SAFETY Provisions
COUNCIL

Improved Seismic Safety
of the National Institute of Building Sciences

Indirizzi e criteri per la

MICROZO\AZIOESISMICA

In Italy
ICMS
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The Institution oi_ )
StructuralEngineers

Manual for the seismic
design of steel and
concrete buildings to
Eurocode 8

Manual to Eurocode: 8
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SEISMIC REGULATION

Guideline to perform studies of the dynamic behaviour of the soils.

Useful for application in urban planning and engineering design.

MICROZO\AZIOESISMICA

In Italy
ICMS
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SEISMIC LOCAL RESPONSE

Structure response

Surface soils,

1) When an earthquake occurs, the seismic waves generated by the fault propagate
through the crust.

2) The seismic waves are amplified near the interfeace of bedrock and soft sediment.

3) The building and structures are shaken by the resulting ground motion = site response
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SEISMIC SITE RESPONSE
MICROZONATION LEVEL

- | LEVEL
MICROZO\AZIO ESISMICA

Parti I e IT

- I LEVEL

- Il LEVEL
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SEISMIC SITE RESPONSE
MICROZONATION LEVEL

- | LEVEL: it consists of a collection of existing data that are processed to divide

the investigated area into qualitatively homogeneous Microzones. = Map of
homogeneous zones.

- |l LEVEL: quantitative elements (e.g.amplification factors) associated with the
homogeneous zones are introduced. = Map of seismic microzonation

- |l LEVEL: it represents the level of maximum detail that should be applied.
Detailed Seismic Microzonation Map covering particular issues or areas
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SEISMIC SITE RESPONSE
MICROZONATION LEVEL

- | LEVEL: it consists of a collection of existing data that are processed to divide

the investigated area into qualitatively homogeneous Microzones. = Map of
homogeneous zones.

@ antitative elements (e.g.amplification factors) associated with the

omogeneous zones are introduced. 2 Map of seismic microzonation

- |l LEVEL: it represents the level of maximum detail that should be applied.
Detailed Seismic Microzonation Map covering particular issues or areas
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SEISMIC SITE RESPONSE

MICROZONATION LEVEL: AMPLIFICATION FACTORS'

CLAY SAND
Vs30(m/s) 200 250 300 Vs30(m/s) 250 300 350
F.A. PGA 1.8 1.7 1.6 F.A. PGA 1.5 1.4 1.2
F.A. S1 1.5 1.4 1.4 F.A. S1 1.3 1.3 1.2
F.A. S2 3.2 2.5 2.4 F.A. S2 2.1 2.1 1.8
F.A. S3 3.8 3.8 3.6 F.A. S3 3.5 3.5 3.1
I GRAVEL
Vs30(m/s) 400 450 500 550 600
AMPLIFICATION F.A. PGA 1.3 1.2 1.2 1.2 1.2
FACTORS: easy and immediate F.A. S1 1.2 1.2 1.2 1.3 1.1
parameters descibing the geo- F.A. S2 1.8 1.8 1.7 1.8 1.6
lithological conditions F.A. S3 3.1 3.1 3.1 3.1 2.8
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SEISMIC SITE RESPONSE

MICROZONATION LEVEL: AMPLIFICATION FACTORS'
ABACUSES

FINAL SCOPE: URBAN PLANNING

4

SEMPLIFIED APPROACH FOR THE AMPLIFICATION ESTIMATES

For local engineering projects (building design or building
renovation) the Il level is needed.
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Il LEVEL MICROZONATION

ICMS: Specific regional

W{,h;ﬁ'?fﬁ}?‘}; microzonation analysis (local
) ety .
& r,_j_x.___Tg geological features)
L Y e ‘
A LN
N VENETO REGION
{*“ﬁ". o .l-_l_f-:”'x-?"“u.
1 , - "-.__-
b AR '
b "{}*"; Collaboration Agreement
O Between Regione Veneto and
- University of Padua

REGIONE peL VENETO
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Regione
Veneto

<0025¢9
0.025 - 0.050
0.050 - 0.075
™ 0.075-0.100
0.100-0.125

0.150 -0.175
0.175-0200
M 0.200 - 0.225
W 0225.0250

W 0.250 -0.276
W 0.275 - 0.300

Elaborazione
aprile 2004

10°00' 10°30' 11°00' 11°30' 12°00' 12°30' 13°00' 13°30' 14°00'

Mid-to-high seismic active area Large and Deep alluvial basin
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VENETO REGION

With simple methods we quantify the amplification phenomena

Motion
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1.1 IDENTIFY LITHO-STRATIGRAPHIC UNITS

STEP 1 1.2 GEOPHYSICAL PARAMETERS OF THE UNITS

1.3 SEISMIC INPUT SELECTION

2.1 STRATA SOFTWARE

STEP 2

2.2 AMPLIFICATION FACTOR ESTIMATIONS

2.2 RANDOM GENERATION OF Vs PROFILES

STEP 3 3.1 ABACUSES REALIZATION
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ABACUSES: STEP 1

1.1 IDENTIFY LITHO-STRATIGRAPHIC UNITS

Subdivide the Veneto region in macro-areas, with dominant
geological formations and same seismic behaviour.

Available data:
- Detailed Maps of different soil types

- Geotechnical official documents provided by Regione Veneto

- Other geophysical surveys performed by Geoscience
Department, University of Padova
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1.1 IDENTIFY LITHO-STRATIGRAPHIC UNITS
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1.1 IDENTIFY LITHO-STRATIGRAPHIC UNITS

Search
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1.1 IDENTIFY LITHO-STRATIGRAPHIC UNITS

FINAL RESULT

LITHO-STRATIGRAPHIC UNITS or
MACRO-ZONES:

GRAVEL

I MOUNTAIN
(ALPINE AND PRE-ALPINE
DEPOSITS)
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1.1 IDENTIFY LITHO-STRATIGRAPHIC UNITS

| GRAVEL

I MOUNTAIN
(ALPINE AND PRE-ALPINE
DEPOSITS)
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Pre-Alpine zone
(variable thickness )

Alluvial Plain zone
(thickness greater than
30 meters)
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1.2 GEOPHYSICAL PARAMETERS OF THE UNITS

Geophysical Parameters (useful for Il level microzonation analysis):

- Shear-waves velocity profiles

- Non-linear curves (Damping ratio and shear-modulus reduction)

Vs(m/s)
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1.2 GEOPHYSICAL PARAMETERS OF THE UNITS

- Non-linear curves: Reference model in literature (Idriss and Sun, 1990)

DAMPING G/Gmax
m L 1 L 1 0 L L 1
Gravel
Sand
25 - Clay
0.8 1
20 .
i
— 0.8
I 2
L 15 =
£ £
. . 0.4+
10 1 |
0.2
5 Gravel |
Sand
Clay
0 T T T T 0.0 T T
0 2 4 6 8 10 0 2 4 6 8 10

Damping(%) G/Gmax
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1.2 GEOPHYSICAL PARAMETERS OF THE UNITS

Velocity(m/s)

200 400 600 800 1000
|
0

= e - Shear-waves velocity
i -L Sand )
'%‘] Mn profiles: collect

Mean

mﬂi 1= geophysical data

contained in geological
technical evaluation
documents.

10

Depth(m)

I - Selection of high-
ail quality data

h - Average
- Standard Deviation
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1.2 GEOPHYSICAL PARAMETERS OF THE UNITS

GRAVEL

Velocity(m/s)
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1.2 GEOPHYSICAL PARAMETERS OF THE UNITS
SAND CLAY

Velocity(m/s)
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1.2 GEOPHYSICAL PARAMETERS OF THE UNITS

Deeper vs
Shallow Vs profiles it?r:;;fg;es
(30 meters) ~ PEEEEES
Input l Computed l

Rock Motion

UNIVERSITA
DEGLI STUDI
DI PADOVA
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Pre-Alpine zone
(variable thickness )

Alluvial Plain zone
(thickness greater than
30 meters)
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Input Computed

»
» »
> >

. <5 H» VARIABLE BEDROCK DEPTH OF

= s THE VENETIAN PLAIN:

SRR TR § Retrieve Geophysical information

- from oil and gas prospection in
Veneto Region (1950)

I

Data 300 m depth
30 meters
]

22? Model the deeper structure
with vs gradient
ICMS: Linear Gradient

300 meters
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1.2 GEOPHYSICAL PARAMETERS OF THE UNITS

Velocita’(m/s)
200 400 600 800 1000

% ] ° = Representative vs profiles (30

m% i ) meters)
B

N
h& Linear Grandient
N (Interpolation between 30
}\ | meters and 300 m depth)
0 modelled with slopes and
| intercepts for each soil category

Er
?7_?-;
g g
Profondita’(m)
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1.3 SEISMIC INPUT SELECTION

Seismic site response analysis requires the definition of seismic input: previously recorded
accelerograms. The accelerograms MUST be recorded in bedrock-type formations.

Computed
Motion

Input

Rock Motion
<>

.. .
......
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1.3 SEISMIC INPUT SELECTION

475 anni, 10% eccedenza in 50 anni

48 - - - - . Selection of
w5 - spectrum-

s6af — compatible

w62 — - accelerograms
46 e N

ssa — Averaged PGA:
w6l - 1.27 g

45.4 . g

w2l _

o _

448

10.5 11 115 12 125 13 13.5
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1.3 SEISMIC INPUT SELECTION

REXEL v 3.5 et

Computer aided code-based real record selection for seismic analysis of structures
(c) lunio lervolino, Carmine Galasso and Eugenio Chioccarelli, 2008-2013
Dipartimento di Strutture per I'Ingegneria e I'Archiettura, Universita degli Studi di Napoli Federico II, Raly.

L e N AT

REXEL PROGRAM:

Real accelerogram compatible with the spectra suggested by the Italian Seismic
Codes (Norme Tecniche per le Costruzioni).

Extract set of spectrum-compatible accelerograms from the European Strong
Motion Database on the basis of:

- Soil type

- Target spectrum
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1.3 SEISMIC INPUT SELECTION

File Database Output About References

REXEL v 3.5 e eetuie—

Computer aided code-hased real record selection for seismic analysis of structures
{c) lunio lervolino, Carmine Galasso and Eugenio Chioccarelli, 2008-2013
Dipartimento di Strutture per I'Ingegneria e I'Archiettura, Universita degli Studi di Napoli Federica II, itaky.

E | a StiC Ta rget —1. Target Spectrum — 3. Spectrum matching
- . ] Acceleration elastic response spectr
. Ralan Buiding Code 2008 B o4 bbb bl b bl Lower tolerance [%] 10
Spectrum . ag [a] . 0.17 horizontal component, T, = 475 years, £ =5 % Upper tolerance [%] 20
. Longitude vertical component
SOII type rl . 14191 BT L Ferrre——e T 5] 0.15
L. Latitude [ 40.829 ; _— )
Local Seismic —— = |
. o2 Eenreeanen,
Hazard and St clss £C6 N i -
. Topographic category 1 = 0.1 _ ___________ — 4. Analysis options
Geographic e . - | Sealed rocords o
. Nomirial li SOyea.. ¥ . : (PGAnormalized records” search)
Ication Functional type P n 0 : I'm feeling lucky 7]
- - 0 1 9 3 4 (Retums only the first combination found)
Limit state SLV (.. | T[S] Set size
Horizontal V] Vertical ]| l Build code spectrum J User-defined spectrum R et
Disaggregation for Conditional hazard for @) 7 records
m Sa(0s).. ¥ E__"‘t:"’"" PGVIS.. ¥ | Look at disaggregation | | Look at conditional hazard | 20 records
— 2. Preliminary database search
] M mini M ’ 1 component
Based on mirimum 6 maimum
MR =) records: 3% 33 -
R mmiinirmum [km) 0 R masdmum k] 30 2 components
events: 16
" e A Epsilon masximur 3 [ 3 components I
Database  European Strong-motion Data... >
Steclass |Same as target spectrum n | Preliminary plot | [ NEW SEARCH | [ EXIT |
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1.3 SEISMIC INPUT SELECTION

OUTPUT:

Combination no. 1, SFmean =2.1385

o . . ‘ | . - 7 spectro-compatible
! —— 001726ya EQ: 561, SF- 1.2329
: 000333xa EQ: 157, SF: 1.4447 accelerograms (scaled
o —— 000600ya EQ: 286, SF: 3.1329 || ;
! ————000133ya EQ: 63, SF: 3.4966 with the same
000335ya EQ: 158, SF: 2.7722 amplitude)

— 000879xa EQ: 349, SF: 1.21592 |
— 000592xa EQ: 286, 5F: 1.671

4
Target spectrum % |b] ' Bingol Mu:6.5 |
N E 2 .
R el Lower Tolerance =
o
—— = 0 N e &
Upper Tolerance 5’
= m— Ayerage spectrum g2 ]
= 08 - ; <,
5 Range of periods ; T - = 2
Time (s)
4 '
) | [1stand mw:6.2 }
€ 2 |
06 I ! %’ |
-,E 0 MMMV\,MAWMW—
1 "
£ T
8 /
0.4 g0 < -
o 0 5 10 15 20
Time (s)
4
) Italy Mw:6.5 }
E 2 |
02 = 0
S o Jabaiigon I Ihﬂﬂﬂ!\vw\vh “ v
5 [} I'IUIJ Al
i 3 AN
H 8
0 1 <
0 0.5 1 15 2 25 3 35 4 0 5 10 15 20
[

5 ' ' Time (s)
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1.3 SEISMIC INPUT SELECTION
4
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Required information for the estimate of amplification in the Il

level:

1) Bedrock Depth (or the thickness of alluvial soft soil deposits)

2) Stratigraphic model of the alluvial deposits (vs and non-linear
properties)

3) Seismic input
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1.1 IDENTIFY LITHO-STRATIGRAPHIC UNITS

STEP 1 1.2 GEOPHYSICAL PARAMETERS OF THE UNITS

1.3 SEISMIC INPUT SELECTION

2.1 STRATA SOFTWARE

STEP 2

2.2 AMPLIFICATION FACTOR ESTIMATIONS

2.2 RANDOM GENERATION OF Vs PROFILES

STEP 3 3.1 ABACUSES REALIZATION
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STRATA SOFTWARE

SOFTWARE: STRATA (Rattje & Kottle, 2001)

Strata computes the dynamic site response of a one-dimensional soil column
using linear wave propagation with strain dependent dynamic soil properties.

Real World Num?rlcgl
Simplification
Outcrop Outcrop

s

Oﬁ%‘f“ Deep Alluvial Basin:
1D Geometry of
Horizontal layer

Outcrop H Within l
A=B, Ay Bn
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STRATA SOFTWARE

Allow 1D seismic site analysis
- Horizontal layer boundaries
- Infinite lateral extension

- Vertically propagating horizontally polarized Shear-waves (SH
waves)
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STRATA SOFTWARE

E_C:\Users\\/aIeria\Desk‘cop\materiale_abachi\REGIONE\STR/a
File Edit Tools Window Help

1) General Setting oS SE g O

General Settings Soil Types Soil Profile Motion(s)

Site Profile

1) Soil Type: Gand D
curves and Unit

Depth (m) Thickness (m) Soil Type Vs (m/s)

weight (KN/m3) 1 0.00 1.00 Ghiaia 15136

2 1.00 1.00 Ghiaia 24071

3 2.00 2.00 Ghiaia 32039

2) Soil Profile: Average 4 4.00 2.00 Ghiaia 44736
of vs profiles 5 6.00 2.00 Ghiaia  474.04

6 8.00 7.00 Ghiaia  583.79

7 15.00 Half-Space Bedrock  689.79




UNIVERSITA

ABACUSES: STEP 2 e

STRATA SOFTWARE

E untitled.strata* - Strata
File Edit Tools Window Help

2 &= 060

General Settings Soil Types Soil Profile Motion(s) Output Specification Compute

Soil Types

<= Add Insert — Remove

Name Unit Weight (kN/m?®) G/G_max Model Damping Model Notes

1 19.00 Custom “|Custom
Custom A
Daren...2001)
EPRI (... PI=10
EPRI (... PI=30
EPRI (... PI=70
EPRI (...-20 ft
EPRI (...-50 ft
EPRI (...120 ft
EPRI(.250 ft ¥
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STRATA SOFTWARE

3) SEISMIC INPUT MOTION

General Settings Soil Types Soil Profile Motion(s) QOutput Specification Compute Results
Motion Input Location

Specify the location to input the motion(s): Bedrock °
Input Motions

< Add Remove Edit

Name Description  Type PGA(g) PGV (cm/s) Scale Factor
1 STRATA_VENETO\OOUDSSxa_record.txt Qutcrop 3.50 205.55 1.00
2 STRATA_30m\000055xa_record.txt Outcrop 3.50 205155 1.00

l strata I X

Input Plots

Accel. Time Series Response Spectrum Fourier Amp. Spectrum
4 -

3_

N
N

Acceleration (g)

0 5 10 15 20 25 30 35 40
Time (s)

Cancel Apply Help
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STRATA SOFTWARE
3) OUTPUT

‘_C:\Usars\\/ﬂIeria\Desklop\ABACHLHD\ABACHI Il LYLASTRATA_VENETO\STRATA_30m\Sabbie - Copia.strata*® - Strata - a x
File Edit Tools Window Help
= e NG P AN )
General Settings Soil Types  Soil Profile Motion(s) Output Specification Compute Results
Data Selection Plot  Data Table
Z
Output:
Enabled SiLocation
1
2 0 STRATA_30m\000055xa_record.txt 15
1
05
ic]
H
2
8 0
£ |
g
<
0,5
-1
Sl
-2
0 3 10 15 20 25 30 35 40

Disable Site: 0 ‘Disab\e Motion: STRATA_VENETO\000055xa_record. txt Recompute Statistics

H ,O Scrivi qui per eseguire la ricerca

Time (s)
* Unselected Realization = Selected and Enabled Realization * Selected and Disabled Realization

UNIVERSIT
DEGLI STUDI
DI PAD(
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AMPLIFICATION FACTORS
A.F. PGA

Acc(g)
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AM P |_| F|CAT| O N FACTO RS Paramter adopted in the seismic

codes (expressed in cm). Evaluate

Housner Intensity: Spectral Intensity SI the seismic input energy and
building damage capacity

351 2.5
k — S, (&) = / Sv(&T)dT
0

1

w

2.5
= Sv > Spectral Velocity
Z 0
fs]
= E > Damping Ratio (5%)
Sasf
8 T - Period
)]

1 -
05F The time integral considers the

area under the pseudo-velocity
: : : : : : : ' response spectra over the period
0 0.5 1 1.5 2 2.5 53 815 4
Period (s) 0.1-0.5
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AMPLIFICATION FACTORS

Housner Intensity: Spectral Velocities

351 2.5
_ — S, (&) = / Sv(&T)dT
0

1

Sv > Spectral Velocity

E > Damping Ratio (5%)
T - Period

Spectral Velocity (g)

T 1:0.1-05s &=
0 05 1 15 Perijd " 2.5 3 3.5 4 T.: 0.4 -08 S
T::0.7-1.1s




ABACUSES: STEP 2

AMPLIFICATION FACTORS

Housner Intensity: Spectral Velocities

357 2.5
| S8 = / Sv(&T)dT
0.1
,\2'5
= Sv > Spectral Velocity
2l
g E > Damping Ratio (5%)
S5t
8 T - Period
()]
.|
0.5
O . T 0.1-05s
% o5 1 15 > 35 3 35 s T.: 0.4 -0.8 S =

Period (s) T::0.7-1.1s



ABACUSES: STEP 2

AMPLIFICATION FACTORS

Housner Intensity: Spectral Velocities

351 2.5
| == 5@ =/ sEna
0.1
,—.2'5
E Sv > Spectral Velocity
2,
g & - Damping Ratio (5%)
S5}
3 T -> Period
)]
.|
0.5 _\
- 1:0.1-0.5s

% 05 1 15 Periéd o 25 3 35 4 T.:0.4-0.8s
T::0.7-1.1S =
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ABACUSES: STEP 2

AMPLIFICATION FACTORS

Housner Intensity: Spectral Velocities

351 2.5
= Bedrock
sl e Clay 81(5) :/ SV(&, T) dT
0.1
,—.2'5
E Sv > Spectral Velocity
z |
gs
g & - Damping Ratio (5%)
T sl HIGHER AMPLIFICATIONS T periog
]
& OCCURS AT HIGHER PERIODS ero
.l
05 oS~
— T1.:0.1-0.5s

% 05 1 15 2 25 3 35 4 T.:.04-0.8s
Period (s)
T::0.7-1.1S =
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2.1 RANDOM GENERATION OF Vs PROFILES

SOFTWARE: STRATA (Rathje & Kottle, 2009)

An estimate of the expected surface response
and its standard deviation due to variations in the soil properties
can be made through Monte Carlo simulations.

Monte Carlo Method: consists of an iterative calculation of
deterministic model defined with a set of random realizations. The
parameters are randomly generated on the basis of previously defined
probability distributions.
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ABACUSES: STEP 2

2.1 RANDOM GENERATION OF Vs PROFILES

SOFTWARE: STRATA (Rathje & Kottle, 2009)

Monte Carlo simulations estimate the response of a system by
generating parameters of the system based on defined statistical
distributions and computing the response for each set of input
parameters.

Stochastic site response analysis: Take in account the uncertainty of the
measures and the variability of different geological settings.
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ABACUSES: STEP 2

2.1 RANDOM GENERATION OF Vs PROFILES

Standard deviation of
the vs profiles

Site Profile A
| |
Depth (m) Thickness (m) Soil Type Vs (m/s) Minimum (m/s) Maximum (m/s) Varied
1 000 500 A 160.27 137.01 183.52
2 5.00 5.00 A 167.84 127.44 208.23
3 10.00 5.00 A 193.17  [v]153.22 []233.12
4 15.00 5.00 A 212.50 169.58 []255.45
5 20.00 5.00 A 23713 193.61 280.65
6 25.00 5.00 A 228.74 190.61 250.00
7 30.00 Half-Space ~ Bedrock 250.00 []0.00 [Jo.00 [ ]
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ABACUSES: STEP 2

2.1 RANDOM GENERATION OF Vs PROFILES

Monte Carlo simulations is applied to site response analysis in order to take in
account the variability of the shear-wave velocities

Velocity(m/s) Velocita (m/s)
100 150 200 250 300 100 200 300 400 500
O T ! T T O j}l ;pg\_l‘ T T T
| =l )
] i “Q%:jsz\
>T } el ,T—'---,L:g 4
g i
10 10 iﬂ%fﬁ:;
= # £ LR
= —15¢F T e
@ = T
) £ I | |
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25 T sililllinpsle
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ABACUSES: STEP 2

2.1 RANDOM GENERATION OF Vs PROFILES

Velocita (m/s)

%OO 200 300 400 500 600 700 800
t “”IlllllWI LJI‘I;IIIHIIII ]{”] JIl ) O I Deep AIIUViaI Plain:
50 -
We change the soil
100 - . .
" properties only in
| the upper 30 meters
200+
250
300
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ABACUSES: STEP 2 T e

2.1 RANDOM GENERATION OF Vs PROFILES

Data Selection Plot Data Table
Output: Time Series -- 0.00 m (Outcrop) -~ Acceleration Time Series -- corrected 7 &
Enabled Site Motion A
1 0 MEDIE_RIFATTE\000055xa_record.txt

1 MEDIE_RIFATTE\000055xa_record.txt 3
2 MEDIE_RIFATTE\000055xa_record.txt
3 MEDIE_RIFATTE\000055xa_record.txt
4 MEDIE_RIFATTE\000055xa_record.txt 2
5 MEDIE_RIFATTE\000055xa_record.txt
6 MEDIE_RIFATTE\000055xa_record.txt
7 MEDIE_RIFATTE\000055xa_record.txt
8
9

W N WV A W N

MEDIE_RIFATTE\000055xa_record.txt
MEDIE_RIFATTE\000055xa_record.txt
10 MEDIE_RIFATTE\000055xa_record.txt
1 MEDIE_RIFATTE\000055xa_record.txt

Acceleration (g)
o

12 MEDIE_RIFATTE\000055xa_record.txt
13 MEDIE_RIFATTE\000055xa_record.txt
14 MEDIE_RIFATTE\000055xa_record.txt =1
15 MEDIE_RIFATTE\000055xa_record.txt
16 MEDIE_RIFATTE\000055xa_record.txt

17 MEDIE_RIFATTE\000055xa_record.txt

~
18 MEDIE_RIFATTE\000055xa_record.txt ‘
19 MEDIE_RIFATTE\000055xa_record.txt
20 MEDIE_RIFATTE\000055xa_record.txt
21 MEDIE_RIFATTE\000055xa_record.txt 3
22 MEDIE_RIFATTE\000055xa_record.txt
24 MEDIE_RIFATTE\000055xa_record.txt v 4 0 5 10 15 20 25 30 3 20

Time (s)

[isable ite: 23] |Disable Motion: MEDIE_RIFATTE\000055xa_record.tet|  Recompute Statistics
§ * Unselected Realization * Selected and Enabled Realization * Selected and Disabled Realization
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Accelerazione (g)

0.6

0.4

o
[N}

o

T T T T T T
L L | 1 | L
10 15 20 25 30 35

Tempo (s)
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ABACUSES: STEP 2

2.1 RANDOM GENERATION OF Vs PROFILES

File Edit Tools Window Help
s = A L ©
General Settings Soil Types Soil Profile Motion(s) Output Specification Compute Results

Data Selection Plot  Data Table
Output: Location - 0.00 m (Outcrop) -- Acceleration Response Spectrum %
Enabled Site Motion o
1 0 MEDIE_RIFATTE\000055xa_record.txt
2 1 MEDIE_RIFATTE\000055xa_record.txt 5
3 2 MEDIE_RIFATTE\000055xa_record.txt
4 3 MEDIE_RIFATTE\0000S5xa_record.txt
5 4 MEDIE_RIFATTE\000055xa_record.txt
6 5  MEDIE_RIFATTE\0O0055xa_record.txt
7 6  MEDIE_RIFATTE\000055xa_record.txt
8 7 MEDIE_RIFATTE\000055xa_record.txt
9 8  MEDIE_RIFATTE\000055xa_record.txt
10 9 MEDIE_RIFATTE\000055xa_record.txt
10 MEDIE_RIFATTE\0OOOS55xa_record.txt

11 MEDIE_RIFATTE\000055xa_record.txt
12 MEDIE_RIFATTE\000055xa_record.txt
13 MEDIE_RIFATTE\000055xa_record.txt
14 MEDIE_RIFATTE\000055xa_record.txt

Spectral Accel. (g)

15 MEDIE_RIFATTE\000055xa_record.txt
16 MEDIE_RIFATTE\000055xa_record.txt
17 MEDIE_RIFATTE\000055xa_record.txt
18 MEDIE_RIFATTE\000055xa_record.txt
19 MEDIE_RIFATTE\000055xa_record.txt
20  MEDIE_RIFATTE\000055xa_record.txt
21 MEDIE_RIFATTE\000055xa_record.txt
22 MEDIE_RIFATTE\000055xa_record.txt

23 MEDIE_RIFATTE\000055xa_record.txt
25 24 MEDIE_RIFAT TE\OO0055xa_record.txt v 0-

0 1 2 3 4 5
Period (s)
" L I d (] ! d and Enabled = Selected and Disabled Realization * Median * Median+/-Log Stdev

‘Dlsable Site: 23% | Disable Motion: MEDIE_RIFATTE\000055xa_record.txt Recompute Statistics
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2.1 RANDOM GENERATION OF Vs PROFILES
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ABACUSES: STEP 3

3.1 ABACUSES

Velocita (m/s)

Population of vs profiles:
- 150<vs30< 200
- 200<vs30< 250

- 250<vs30< 300

UNIVERSITA
DEGLI STUDI
DI PADOVA

\Vs30(m/s) 200 250
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ABACUSES: STEP 2 T e

2.1 RANDOM GENERATION OF Vs PROFILES

Data Selection Plot Data Table
Output: Time Series -- 0.00 m (Outcrop) -~ Acceleration Time Series -- corrected 7 &
Enabled Site Motion A
1 0 MEDIE_RIFATTE\000055xa_record.txt

1 MEDIE_RIFATTE\000055xa_record.txt 3
2 MEDIE_RIFATTE\000055xa_record.txt
3 MEDIE_RIFATTE\000055xa_record.txt
4 MEDIE_RIFATTE\000055xa_record.txt 2
5 MEDIE_RIFATTE\000055xa_record.txt
6 MEDIE_RIFATTE\000055xa_record.txt
7 MEDIE_RIFATTE\000055xa_record.txt
8
9

W N WV A W N

MEDIE_RIFATTE\000055xa_record.txt
MEDIE_RIFATTE\000055xa_record.txt
10 MEDIE_RIFATTE\000055xa_record.txt
1 MEDIE_RIFATTE\000055xa_record.txt

Acceleration (g)
o

12 MEDIE_RIFATTE\000055xa_record.txt
13 MEDIE_RIFATTE\000055xa_record.txt
14 MEDIE_RIFATTE\000055xa_record.txt =1
15 MEDIE_RIFATTE\000055xa_record.txt
16 MEDIE_RIFATTE\000055xa_record.txt

17 MEDIE_RIFATTE\000055xa_record.txt

~
18 MEDIE_RIFATTE\000055xa_record.txt ‘
19 MEDIE_RIFATTE\000055xa_record.txt
20 MEDIE_RIFATTE\000055xa_record.txt
21 MEDIE_RIFATTE\000055xa_record.txt 3
22 MEDIE_RIFATTE\000055xa_record.txt
24 MEDIE_RIFATTE\000055xa_record.txt v 4 0 5 10 15 20 25 30 3 20

Time (s)

[isable ite: 23] |Disable Motion: MEDIE_RIFATTE\000055xa_record.tet|  Recompute Statistics
§ * Unselected Realization * Selected and Enabled Realization * Selected and Disabled Realization



ABACUSES: STEP 3

Example: 250 < vs30 < 350

For each profile included in this range
we estimate the Amplification Factor of
PGA and we estimate the mean. In this
case the mean is equal to 1.6

Number of Simulations
= —
[=)] o] o N
T T T 1

=
T

N
T

Vs30(m/s) 200 250 300
0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 F-A- PGA 1-8 1-7 1-6

F.A. PGAs/PGAref

o



ABACUSES: STEP 3 I

2.1 STATISTICAL ANALYSIS

ARGILLE 10m Z1

> |
T N T Vs30(m/s) 200 250 300

o6} F.A. PGA 1.8 1.7 1.6
%: I u . F.A. S1 1.5 1.4 1.4
60 18 1.9 2 2.1 22 23 24 25 26 27 F.A. Sz 32 25 2.4

o | PeAsz400) F.A. S3 3.8 3.8 3.6
100
K 0 2 2.1 2.2 2.3 2.4 2.5 2.6 2.7

PSA S3 (0.7-1.1)
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2.1 STATISTICAL ANALYSIS

CLAY

Number of Simulations
Number of Simulations

0.8 1 1.2 1.4 1.6 1.8 2 22 2.4

03 035 04 045 05 0.55 0.6 065 0.7 075 038
PGA F.A. PGAs/PGAref
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2.1 STATISTICAL ANALYSIS

SAND

18

16

= -
o ~N

Number of Simulation
[e2]

Number of Simulation

4
2
. l 0

0.4 0.5 0.6 0.7 0.8 0.9 1 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8

Pga F.A,
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2.1 STATISTICAL ANALYSIS

GRAVEL

20
20
18

16

14

(=
N

[e]
Number of Simulation

Number of Simulation
=
=1

0.8 1 1.2 14
PGA
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ABACUSES: STEP 3 i

2.1 STATISTICAL ANALYSIS

CLAY SAND
Vs30(m/s) 200 250 300 Vs30(m/s) 250 300 350
F.A. PGA 1.8 1.7 1.6 F.A. PGA 1.5 1.4 1.2
F.A. S1 1.5 1.4 1.4 F.A. S1 1.3 1.3 1.2
F.A. S2 3.2 2.5 2.4 F.A. S2 2.1 2.1 1.8
F.A. S3 3.8 3.8 3.6 F.A. S3 3.5 3.5 3.1
GRAVEL

Vs30(m/s) 400 450 500 550 600

F.A. PGA 1.3 1.2 1.2 1.2 1.2

F.A. S1 1.2 1.2 1.2 1.3 1.1

F.A. S2 1.8 1.8 1.7 1.8 1.6

F.A. S3 3.1 3.1 3.1 3.1 2.8
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2.1 STATISTICAL ANALYSIS

FA PGA

5 * CLAY |
- % SAND
= # GRAVEL

Velocity (m/s)
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Pre-Alpine zone
(variable thickness )

Alluvial Plain zone
(thickness greater than
30 meters)
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Pre-Alpine zone Alluvial Plain zone (thickness
(variable thickness ) greater than 30 meters)
Input Computed
Rock Motion Motion

o
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ABACUSES: STEP 3

2.1 STATISTICAL ANALYSIS

Abacuses for the Pre-Alpine Zone

VsH CLAY SAND GRAVEL

150 200 250 300 350 400 450 500 600

g 10 2 1.9 1.8 1.9 1.9 1.5 1.4 1.3 1.2
é 15 1.9 1.9 1.8 1.8 1.8 1.6 1.4 1.1 1.1
T 20 1.9 1.9 1.9 1.7 1.7 1.8 1.6 1.4 1.1
30 1.8 1.8 1.7 1.7 1.7 1.4 1.3 1.2

40 1.8 1.8 1.6 1.6 1.7 1.3 1.2 1.2

50 1.9 2 1.7 1.7 1.6 1.3 1.3 1.2

H
YTy h
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ABACUSES: STEP 3 Sl 18 st

2.1 STATISTICAL ANALYSIS

INTENSITA' DI HOUSNER

SI(0.1s <T<0.55s) 150 200 250 300 350 400 450 500 600
10 19 1.8 1.6 14 13 1 1 1 1
15 2.2 2.2 2 1.7 13 1.1 1 1 1
20 2.3 2.2 2 2 1.7 1.5 1.3 1.3 1.2
30 2 2 1.9 15 1.4 1.3 1.2 1.2
40 2.6 2.6 1.7 14 14 1.2 1.2 11
50 2.3 2.2 1.7 1.4 13 1.2 1.1 1

INTENSITA' DI HOUSNER

SI(0.1s <T<0.5s) 150 200 250 300 350 400 450 500 600
10 1.9 1.8 1.6 1.4 13 1 1 1 1
15 2.2 2.2 2 1.7 13 1.1 1 1 1
20 2.3 2.2 2 2 1.7 1.5 1.3 13 1.2
30 2 2 1.9 1.5 14 13 1.2 1.2
40 2.6 2.6 1.7 14 14 1.2 1.2 11
50 2.3 2.2 1.7 1.4 1.3 1.2 1.1 1

$2(0.4 s<T<0.8s) 150 200 250 300 350 400 450 500 600
10 1 1 1 1 1 1 1 1 1
15 1.5 1.4 1.3 13 1 1 1 1 1
20 2.3 1.9 1.5 1.5 1.2 11 1 1 1
30 2.2 2.2 1.7 1.8 1.3 1.2 1 1
40 2.6 2.4 1.5 1.4 1.4 1.3 11 1
50 2.3 2.3 1.6 1.5 1.5 1.2 11 1.1
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