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Seismic Action Fain

The final displacement is an oscillatory motion

The simplified assumption for building shaking under seismic action is the
Simple pendulum

Viscous damping

Relative displacement

iu(t) Seismic motion
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Fain

Simple Pendulum

Simple pendulum it is possible to identify the building factors response

3. damper= the dissipation
Building factor

X(t) movimento relativo

1. Mass (of the building)

2. Pole (elastic) = stiffness

d Wi
|-—#

' 3. Foundation = energy transmitting

u(t) movimento sismico
- 11
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Simple Pendulum Period

Simple pendulum period is function of mass m and stiffness k

M cost |, K décréasé

Varying
Period T

K cost, m increase
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The response spectrum represents the maximum response in acceleration
(velocity or displacement) of all the possible simple pendulum, with the same
damping, given the same input.

It plots in y axis the values of pseudoacceleration, S, or pseudovelocity ST/, or
maximum dispacement S, obtained varying stiffness £ (and then the period T

in the x axis) , given a fixed damping &.

Why Pseudo?

Cause Max acceleration may not be

Related to the maximum displacement...




Cause the
base 1s

not fixed...

Mass motion
U

Base motion

Base displacement

,Abs acceleration

TA

Rel displ.

The Response

Spectra

U.+ U

Relative displacement

Rel. disp. Max

>

- We want the
Maximum solicitation

- the max solicitation is when
the relative displacement
IS MaxXimum

- the acceleration at the
moment of maximum
displacement cannot
correspond to the absolute
maximum

- this is why we call it
Pseudo-acceleration
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Fain

Fundamental Period of pendulum

The fundamental period (function of Mass and stiffness)
rules the seismic action response
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Frequency of Building Vibration

Buildings of different heights sway at different frequencies, like
inverted pendulums, as shown in the following figure.

SHORT MID-HEIGHT TALL
BUILDING BUILDING BUILDING

 ————

-

e Rigid 1-to 2-story e 5-1to 10-story e Flexible 20-story
building oscillates building oscillates building oscillates
at 5-10 Hz.” at 0.5-3.0 Hz. at ~0.2 Hz.

e Shakes back and Shakes back and o Sways back and
forth rapidly (high forth less rapidly forth slowly (low
frequency). (intermediate frequency).

e Thus,periodis1/5t0  frequency). e Thus, period is 1/0
1710 =0.2-0.1 sec. Thus, period is or 5 sec.

1/0.5101/3 =
2.0-0.3 sec.

"Hz = Hertz = cycles of back-and-forth motion per second.

—— QUAD
— EERA
—— NORM soil C Examples of

spectrum seismic response spectra




Seismic Response

Resonance Typical Period values
Period To (5)
of solls - 1.5
|s function of S
Rigidity (Vs)
And thickness
of layer H
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Seismic Response

May we have resonance effect?

Typical soil fundamental frequency range:

fo =0.25-10Hz7

Typical earthquake range:

f, =0.1-20Hz

YES !!




Seismic Response
Period of typical building

Pseudo Acceleration (g)
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Seismic Response

Double resonance effect
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Seismic Response

Mexico City 1986

Edificio di 21 piani in struttura metallica

ENAEEENERER

Il 60% circa degli edifici danneggiati

Bilancio: = aveva da 6 a 20 iz
- 9000 vittime '

- 5000 edifici danneggiati
- 500 edifici crollati
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Seismic Response

Mexico City 1986 - 37 m of very soft

| |—u—| ] ... Clays dePOSitS
having Vs= 75 m/s
- tall structures

o \ - big low freq. earthquake

Building fundamental period

~y

AH A :

28]

Vs iy ‘ Soil resonance period

1

7
In the Earthquake frequency

Q T =25 range
c P
E | / | r

DOUBLE RESONANCE
EFFECT!




Response seismic analysis

Local seismic response
L3

Vs, G, D, p, SUbsoil model)

Output
(Local Response




Eurocode 8 y o
NTC 18 The simplified approach

With soil seismic classification

The

Vs equivalent model
Parameter

H = depth of the hard

bedrock (> 800 m/s)
If deeper than 30m

H =30

Vs 30

Hi = thickness of the / layer

Vs i = Vs of the/ layer



SESMIC SOIL CLASSIFICATION - Ec8 e DM 2018

Subsoil Description of stratigraphic Parameters
class profile
Vs 30 Nspr Cu
(m/s) (bl/30cm) (kPa)
A Rock or other rock-like > 800

geological formation, including
at most 5 m of weaker material
at the surface
B Deposits of very dense sand, 360 - 800 > 50 > 250
gravel, or very stiff clay, at
least several tens of m in
thickness, characterised by a
gradual increase of mechanical

properties with depth Nspt and Cu
C Deep depOSitS of dense or 180 - 360 15 -50 70 - 250 Parameters poorly
medium-dense sand, gravel or
Stiff clay with thickness from correlated
several tens to many hundreds with Vs !
of m
D Deposits of loose-to-medium <180 <15 <70

cohesionless soil (with or
without some soft cohesive
layers), or of predominantly
soft-to-firm cohesive soil
E A soil profile consisting of a
surface alluvium layer with Vj s
values of class C or D and
thickness varying between
about 5 m and 20 m, underlain
by stiffer material with Vg3, >
800 m/s
Sq Deposits consisting — or <100 10 - 20
containing a layer at least 10 m| (indicatively)
thick — of soft clays/silts with
high plasticity index (PI > 40)
and high water content
S Deposits of liquefiable soils, of
sensitive clays, or any other soil
profile not included in classes Al
-E or S1

Better use Vs !




Norms Response Spectra

Fault dimension and distance averaged

Proportional A(g)
to source !
dimension

and distance

0.1 A \ T (SGC)
N\
Due to energy Duetothe  * pye to the fault
apsorption fault length ~ displacement

In distance



Vs zo)condition

Subsoil
class

Description of stratigraphic
profile

Parameters

Topographical conditions

Vs 30
(m/s)

NSPT
(bl/30cm)

(kPa)

Rock or other rock-like
geological formation, including
at most 5 m of weaker material

at the surface

> 800

Deposits of very dense sand,
gravel, or very stiff clay, at
least several tens of m in
thickness, characterised by a
gradual increase of mechanical
properties with depth

360 - 800

> 50

> 250

Deep deposits of dense or
medium-dense sand, gravel or
stiff clay with thickness from
several tens to many hundreds

of m

180 - 360

15-350

70 - 250

Deposits of loose-to-medium
cohesionless soil (with or
without some soft cohesive
layers), or of predominantly
soft-to-firm cohesive soil

< 180

<15

<70

A soil profile consisting of a
surface alluvium layer with V; 3
values of class C or D and
thickness varying between
about 5 m and 20 m, underlain
by stiffer material with V3, >
800 m/s

S

Deposits consisting — or
containing a layer at least 10 m
thick - of soft clays/silts with
high plasticity index (PI > 40)
and high water content

<100
(indicatively)

10 - 20

So

Deposits of liquefiable soils, of
sensitive clays, or any other soil
profile not included in classes A

-E or S1

Categoria Caratteristiche della superficie topografica

T1 Superficie pianeggiante, pendii e rilievi isolati con inclinazione media i < 15°

T2 Pendii con inclinazione media i > 15°

T3 Rilievi con larghezza in cresta molto minore che alla base e inclinazione media 15° <1< 30°

T4 Rilievi con larghezza in cresta molto minore che alla base e inclinazione media i > 30°
ag°85 n-801

response spectrum




FEurocode 8 ]

T 1

NTCI8 OST<TB Se (T):ag.s.n.Fo._TB+n.Fo(1__

Tg<T<Tc S, (T)=a,-S'n-F,
ag'5' N B1 - T

TCST<TD Se (T):ag.s.n.Fo.(TC

T. T
Tp<T Se(T)=ag'S'Tl'Fo'( CTZD)
8g°S 1 A D Amplification
Factor
Soil Amplification
\4 / Topographical Amplification

S=S.- Sy

Te Tp
\ \ / n=JI0/(5+8) 20,55, "o dampns

Different periods

FO is the maximum spectral
amplification on hard bedrock (2.2)

Ag = base hazard site acceletation




Reference Ag
To starting
Acceleration:

Based on the site
Attended
hazard

(Hazard general map
e.g. 0.29)

NTC 2018 Response spectra

The Euro Norms design some reference spectra called ‘normalised’ on the soll
acceleration attended in a certain site for a certain period of return, usually

damping € is 5%

The spectra vary with the soil type :

—=NTC-Soil A
—NTC-Soil B
—=NTC-Soil C
D
E

NTC-Soi
NTC-Soill

A hard rock

B dens soils (Gravers, dense
sands)

C medium dense soil (sand,
clay)

D low dense soill
(Clay, silt, etc)

E Alluvium layers on hard rock

Period s




Reference Ag
To starting
Acceleration:

Based on the site
Attended
hazard

(Hazard general map)
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Nell'allegato B delle NTCO8, vengono forniti i parametri spettrali per ogni punto
di una griglia regolare del territorio nazionale e in funzione del cosiddetto
“Periodo di Ritorno” (in anni) che a sua volta viene prescritto in funzione di vari
parametri (vita attesa dell’edificio, importanza, ecc.)

Valori caratteristici dello spettro di risposta
elastico per la Citta di Firenze (ipotizzandola

O.? 2.1 [ o253 o | su_basa(n‘ento gismico affiorante e planare) e

[ ooss | 288 | ozs | daiquali e possibile calcolare la forma spettrale
| ooes | 2804 | 0276 | riportata sotto Orizzontale in rosso e verticale
ooz | 2591 | o022 | inblu)

: Spettri di risposta

[ oo | 2em | o2 | [ 04

[ orat | 2413 | o302 | o0 040

[ oier | 2m | osu | oy 03

| o021 | 2414 | 0319 D30

0.25
0.20
0.15
0.10
0.05
0.00

Di fatto, questo spettro di risposta € il terremoto da cui ci dobbiamo difendere

E’ questo il terremoto da utilizzare come moto di input per lo studio di Risposta Sismica
Locale




The response spectra (of a free oscillator)
Effetti importanti sugli spettri

4
:% [ ] [ ]
% Argifia da tenera a media I D consli d e ratl on
Q -~ o sabbia
| Oy = >
833 fp
5 = ' . Suolo non coesivo
3 S / “ profondo (=80m) :
S5, Topographical and
3|y _Suolo rigido (<60m) . .
Nk lithological factors
9%
s
S 1
S
ta ’
g Roccia | ]
{} . " ! |
0 0.5 1.0 1.5 2.0 2.5 3.0
Periodo (sec)
WO r St (m e C h a n i C a I ) S O i I Tabella 3.2.VI - Valori del coefficiente di amplificazione topografica Sy
.. Categoria topografica Ubicazione dell’opera o dell’intervento St
conditions " -
— T2 In corrispondenza del bordo superiore 1,0=1,2
T3 In prossimita della cresta 1,0=1,2
g rate r S e I S m I C a m P I Iﬁ Catl O n T4 In prossimita della cresta 1,2+1,4
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The Vs eq simplified approach

Where we are (hazard map Ago)

Q \>Topographical condition

Vs z0)condition

Several free software to design the reference Norms Spectrum
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The Seismic Input selection

for the L3 deterministic level
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The seismic input choice

Motion at surface

#

Soft soil

Motion at outcrop
KNOWN !

a

t

Motion at
The base
NOT

KNOWN !

Outcrop
\ -~ Rock

~ It is not purely
the same....we can
correct it

UNIVERSITA

DEGLI STUDI
DI PADOVA




Seismic Input choice

The use of accelerograms

Seismic local response need seismic timeseries. These can be:

Artificial . generated with stochastic algorithms

Synthetics; modelling numerically the fault rupture

Real : real seismic records

The real ones are the preferred




Seismic Input choice

Artificial : generated with stochastic algorithms, must be compatible with
reference target spectra (e.g. SIMQE, BELFAGOR codes)

Reference spectrum
— Artificial spectrum

2 03
2 02 -
S 0.1 -
5 0
i
Q) - |
o (.

o - _
2 03

0 10 20 30
tempo, s

Artificial computed accelerogram

Accelerazione spettrale, Sa (g)

o123
Periodo, T (s)



Seismic Input choice

Synthetics : Numerical model of the fault rupture

Fault plane

Base rupture parameters are difficult to asses.....




Seismic Input choice

Real accelerograms recorded in world database

USA

Pacific Earthquake Engineering Research Center (PEER)
nttp://peer.berkeley.edu/smcat

COSMOS  hitp://db.cosmos-eqg.org
California Geological Surveyftp://ftp.consrv.ca.gov/pub/dma/csmip/

Japan

Kyoshin Net (K-NET)
hitp://www.k-net.bosal.go.|p

Europe

European Strong Motion Database (ESD)
hitp://www.isesd.hi.is/ESD Local/frameset.nhtm

Italy
ltalian Accelerometric Archive (ITACA) hitp://itaca.mi.ingv.it/

Site of Italian Strong-Motion Accelerograms (SISMA)
hitp://sisma.dsg.uniromal.if




AN N s Seismic Input choice

Diagram of spectra research

Sa DSHA Sap S, Norms
PeA /\ ?\
>

>
T T

Spectrum-

Find in the database the

o o -
COmpathlht)' R tal Real accelerograms who
Approach best fit my target

M, R, soil type reference spectrum for
that specific site

v
Spectral match
with

Reference
target

Y
Selection on the base of

seismological parameters

l

S A

(Bommer & Acevedo, 2004)




Seismic Input choice

Spectrum compatibility
We want to select several inputs (3-7), with the

average spectrum that satisfy the compatibility with
the target one




Seismic Input choice
RGXGI lervolino et al

File Database Output About References

REXEL v 3.5

Computer aided code-based real record selection for seismic analysis of structures

F ree SOftwa re (¢) lunio lervolino, Carmine Galasso and Eugenio Chioccarelli, 2008-2013

Dipartimento di Strutture per I'lngegneria e I’Archiettura, Universita degli Studi di Napoli Federico |l Italy.
FO I" 1. Target Spectrum 3. Spectrum matching

|Ita|ian Building Code 2008 ;| Acceleration elastic response spectrum

AC C e I e rog ra m ag [g] Upper tolerance [%]
selection et | Tl

Latitude [o] 40 829

Lower tolerance [%]

T2 [s]

«a-.vmﬂﬁwfui.x St

o
.

.Q.".;- :JL

Site class EC8

Topographic category 4. Analysis options

Scaled records v

Nominal life
(PGA-normalized records' search)

Functional type - I'm feeling lucky v

(Returns only the first combination found)

Limit state SLV (10 %) I~ Set size

Horizontal v Vertical - -

Build code spectrum

Disaggregation for Conditional hazard for ~
(kalian (kalian
sites) | —I sites) | —I

2. Preliminary database search

Based on | _I M minimum M maximum

records:
R minimum [km] R maximum [km]

S— R events:
T [s] Epsilon minimum Epsilon maximum

Database

Site class NEW SEARCH




Seismic Input choice

Rexel lervolino et al
File Database Output About References

I I I 1

Compi '
P S'7  selected site: longitude 12.2°, latitude 45.5 °
{ : .
Dipartime

1. Target Spectrum atching

ltalian Building Code 2008 v H
| g 8 - L | -

1) Chose the site: It , i
es. Padova Longide [ | o —

Latitude [7]

Latitude [°]

R
e L.l
oite class ECS

rions

Topographic category
v

ords' search)

I
Functional type . 12 | 104 . -
Longltude [ ] it combination found)

Mominal life 50 years

Limit state SLV (10 %) ~|

Horizontal v Vertical l_ Build code spectrum

Disaggregation for Conditional hazard for

(ftalian | J (talian | _I

sites) sites)

2. Preliminary database search

M minimum M maximum
| B

Based on
records:

R minimum [km] R maximum [km]

events:

T [s] Epsilon minimum Epsilon maximum

Database
NEW SEARCH

Site class




Seismic Input choice
Rexel fervolino et al

File Database Output About References

REXEL v 3.5

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'lngegneria e I’Archiettura, Universita degl Studi di Napoli Federico |, [taly.
1. Target Spectrum 3. Spectrum matching

2) Select the talian Building Code 2008 -] | Accleleratioln elasticl OB specltrum | ower tlerance %]
reference e

spectrum for the s S\
selected site L

ag [g] horizontal component, T_ = 475 years, £=5 %

Upper tolerance [%]

T1 [s]

T2 [s]

/D
Site class EC8

“,

Topographic category T1 4. Analysis options

FunCtiOn Of VSBO : | Scaled records v

Mominal life 50 years

- X ' : X ' X (PGA-normalized records' search)
C I aSS y Functional type I : : : : : : : I'm feeling lucky v

(Returns only the first combination found)

'tO pOg rap hy, Limit state SLV (10 %) - ' ’ ' ' Set size
Peri Od Of retu rn , Horizontal v Vertical - Build code spectrum (“

Disaggregation for Conditional hazard for ~

EtC . (talian |38(08) (P... LI Lol |PGV|Sa( : j Look at disaggregation Look at conditional hazard

sites) sites)

2. Preliminary database search

Based on M R +| M minimum M maximum

records:
R minimum [km] R maximum [km]

events:

Database European Strong-motion Database

Site class Same as target spectrum Check database NEW SEARCH




Seismic Input choice
RGXGI lervolino et al

File Database Output About References

REXEL v 3.5

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 |l, Italy.
1. Target Spectrum 3. Spectrum matching

|lta|ian Building Code 2008 ;I Acceleration elastic response spectrum

Lower tolerance [%]

T T T
Target Spectrum

Lower Tolerance

————— Upper Tolerance
== == == Range of periods ||

ag [g]

3) chose the oniude [
magnitude and S
distance of the  |§ e
source and the

Upper tolerance [%]

T1 (3]

T2 [s]

Plot spectral bounds

4. Analysis options

confidence N .

(PGA-normalized records' search)

|nterva| around the Functional type - I'm feeling lucky =

(Returns only the first combination found)

Limit state SLV (10 %) | Set size

reference
Horizontal v Vertical ~ Build code spectrum " Individual record
S peCt ru m Disaggregation for Conditional hazard for

(ttalian |Sa|jOs) (P ;I (Ralian PGV|Sa(.. ;I Look at disaggregation Look at conditional hazard

sites) sites)

(¢ 7 records

~

2. Preliminary database search
1 component

Based on M. R +| M minimum M maximum

records: 2X 14

R minimum [km] R maximum [km] 2 components
events: 1 1

Database European Strong-motion Database

Site class Same as target spectrum . Check database Preliminary plot NEW SEARCH




Seismic Input choice
RGXGI lervolino et al

Fie Database Output About References
TR = 475 years
Compi
{

Dipartime

1. Target Spectrum atching

ltalian Building Code 2008 v
| e ° [ ”

ag [a]

Chose the Longitude [°]
magnitude - - NG
and d iStan Ce |te S ; I T _. - : J\\VA‘ . - - pectral bounds

IS CrUCIaI ! Topographic category . . = - ions

o]

(-
—
2

Latitude [°]

Hazard Contribution

oo
\

. . p
Mominal life 50 years

ords' search)

Functional type - ' ¥ v
H OW to C h OSe - .t combination found)
Limit state SLV (10 %) ~ Set size
them ? -

Horizontal v Vertical - Build code spectrum " Individual record

Disaggregation for Conditional hazard for o BT

(talian |Sa(08} (P ;| 152 |PGV|Sa(, , ;I Look at disaggregation Look at conditional hazard

sites) sites) i

2. Preliminary database search
1 component

Based on M. R ;| M minimum M maximum

records: 2x 14

R minimum [km] R maximum [km] 2 components

events: 11

Datahase European Strong-motion Database

Site class Same as target spectrum Check database Preliminary plot NEW SEARCH




Seismic Input choice

,‘; ISTITUTO NAZIONALE DI GEOFISICA E VULCANOLOGIA

Modello di pericolosita sismica MPS04-S1

Select the site ST (o) el LI B

Visualizza punti della
griglia nfent a:

(General hazard Parametro delo (pez
scuotimento:
Probabilita in 50 anni: [10% W

M ap Percentile: |[50° v
" Penodo spettrale
With the

Ridisegna mappa O

considered ' < 0.025g
o 025-0.050
. 050-0.075
Period of return '075-0.200
.100-0.125
.125-0.150
.150-0.175
.175-0.200
.200-0.225
225-0.250
.250-0.275
.275-0.300
.300-0.350
.350-0.400
.400-0.450
450-0.500
S500-0.600
B00-0.700
.Z00-0.800
S00-0.900
900-1.000
000-1.250
.250-1.500
500-1.750
.7Z50-2.000

e.g. 475 yers,

10 % exc. in 50

0
0
0
0
0
0
0
0
s
B O
s
B O
B O
B O
B O
B O
0
0
0
0
1
1
1
1

0 36 72108144180 km

Web Application Developed by F. Martinelli & C. Meletti, A cura di

esse-1.ingv.mi.it


http://esse-1.ingv.mi.it

Seismic Input choice

\"; ISTITUTO NAZIONALE DI GEOFISICA E VULCANOLOGIA

Modello di pericolosita sismica MPS04-S1

e TSRS IR ==

Visualizza punt: della
griglia rifenti a:

Parametro dello pBA V
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Seismic Input choice

N

| Istituto Nazionale di Geofisica e Vulcanologia
Disaggregazione di PGA con probabilita di eccedenza del 109 in 50 anni
Look to the ~oordinate el punto: lat. 45.425 lon, 11.92
Desegregation:

Magnitude anf
Distance
contribution to
the effect

=
<
.
-
.
-
2
g

Distance

1 100 110

' S T T o L)ist..‘mza(Km) ~ . .
viagnitude ’ — Contribution to

The hazard

Contributo percentuale alla pericolosita’

The distribution must fit with the spectra research compatibility



Seismic Input choice
Rexel lervolino et al

Results of the accelerograms selection

Combination no. 1, SFn =1.6791

nean

000292xa EQ: 146, SF: 1.105 [ real spectrum-compatible
000292ya EQ: 146, SF: 1.1054

006335ya EQ: 2142, SF: 0.57367 accelerograms (scaled)
004675xa EQ: 1635, SF: 0.50287
———000473ya EQ: 228, SF: 7.5227

004675ya EQ: 1635, SF: 0.42382 -
0063352 EQ: 2142, SF: 0.5204 Selected as input for LSR

Target spectrum
Lower Tolerance

———— Upper Tolerance
Average spectrum

Reference Norms
Spectrum
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DI PADOVA
Numerical methods for

Seismic response analysis

| I O S S — -

Simulate the motion

through a known soil

model

////////

i(ot+kz)

o.1,SF =1.6791
mean

000292xa EQ: 146, SF: 1.105

000292ya EQ: 146, SF: 1.1054
— 006335ya EQ: 2142, SF: 0.57367 ||
——004675xa EQ: 1635, SF: 0.50287 v

000473ya EQ: 228, SF: 7.5227

00465y EC: 1635, SF-0.42360 /11117777171777777777771777///

006335xa EQ: 2142, SF: 0.5204

Target spectrum pr ’ VS :

Lower Tolerance
mrmn— Upper Tolerance
m— Average spectrum
== == == Range of periods

.n. . [ E e
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Seismic Induced Effects

- Instabilities
- Collapse
- Landslides

- LIQUEFACTION



Induced effect: Liquefaction

loose of strength due to overpressure problems

Liquefaction involves ONLY

It is

0.1

- -
(] - —
"l

---l l‘
Bl

-I----o

CCC
398 654 2

1

o/ duissed Jua2u9(

Diameter mm

NTC 2018
(N1)60 < 30 or gc1N < 180
N1 60 = (Standard Penetration Test) normalised

Essential condition:

at effective tension of 100 kPa
effective tension of 100 kPa

gc1N (Cone Penetration Test) normalised at

- Saturated sand (with water table < |5m from the surface)

- Magnitude >5 (or > = 0.1g)



Induced effect: Liquefaction

Liquefaction involves ONLY

Examples:
Cases in
Italy

1117-1890




Induced effect: Liquefaction

Liquefaction involves ONLY

Geological criteria

Categoria Morfologia Ligquefazione

River beds, swamp, marsh,

A reclaimed land Probable Composition soil criteria

Levee, flood plains, sandy beach,
conoids

Possible (Literature lab test)

)
o

Applicable for:
(a) FC 220% 1f PI>12%
(b) FC 235%1fPI<12%

0N
o

Terraces, hills, mountain Not probable

S
o

*
Q
©
=
=
Q3
-
7))
L.
&
o

Zone B: Test if w. 2 0.85(LL)

-
o
o

Zone A: Potentially Liquefiable
if w. > 0.8(LL)

37

10 20 30 40 50 60 70 80 90 100
LL (Liquid Limit)




Induced effect: Liquefaction

Liquefaction involves ONLY
It is loose of strength due to overpressure problems

stable soil liquefied soil

Shaking and
viting causes
some structures

.('\ l": |
"
WP

N\
ad
~‘

topsoil p—— = ‘g s topsoll
\ L : ' '

\. . \ \.
1 )

bedrock | bedrock

Building stands erect £ Building tilts
on stable soil

. ) . o 2 . ; Manl w» b ! s C
LOOSely packed grains onNaKiNg gestabilizes

. ) ] 'y 4 » . ’ . N ' . - » y

Of sOil are heid togethet the SOil Dy INCreasing the
1 ¥, \‘ - r - - - a2 ¥ ¥ ' e ¥ ‘ — - . .
Dy friction. Pore spaces space between grains.
a—— ”~ : ’ ' . A s e o0 o~ |,...0
alc ”’..’C W "! W ;i")' .o'oolt' ) '.-Jl)p'.\l": Vol

the soil flows like a iquid

© 2012 Enc yclop@di Britannica, Inc




Induced effect: Liquefaction

A shear strength problem

» Decrease of resistance parameters ( ¢’,¢’, cu ) Total tension
. . . ——og=0tu
App. cohesion Vertical Pressure  Neutral pressure Friction angle / \

\ / / Effective. grain
Tf = C'+(()' — U tan (p — C'+(()'O — Au) tan (‘p' tension

Neutral fluid tension

» Increase of interstitial pressure (A u)

Shear strength




Induced effect: Liquefaction

Saturated sand over cyclic load

' ' ' Torsional shear
test

Td/ Oo.=0.229
Loose sand Dr=47%

0,'=98 kPa Christchurch, NZ
Ko=1 .0

————————

Shear stress
ratio
T4/00

© ©
B vk K
e
T

oy .

Shear
strain
Y (%)

.d - -
OO MNONON -

—

Q
23
<R

=

Q.

9
e

u/ 0p’

(Ishihara, 1985)

Excess

water

0 S — ——

time

» Increase of shear stress due to earthquake motion

» Quick Increase if interstitial pressure Loose of shear
strength !

Liqguefaction conditions
' Loose of load
m) t. = c'+(0,-Au)tang@' —0

Resistance




Induced effect: Liquefaction

Simplified model for liquefaction

Determine the safety factor for liquefaction FSL defined as the ratio
between applied force and resistance:

FSL = CRR/CSR FSL<I Liquefaction !

» CSR = shear stress induced by the earthquake
(at a given depth, i.e. pressure condition)

» CRR = cyclic shear resistance of the soil
(at a given depth, i.e. pressure condition)

CRR, CSR;

....... e et EXE T REICPETE P B

CSR Liquefaction

ZONE




Induced effect: Liquefaction
Simplified model for liquefaction as ABACUS

Abacus based on empirical observation of real cases

Resistance soil
curve

/

Shear stress induced CSR 0

No
Liquefaction

0.1 7

>

| |
—7 Rl (N6OI Qe s VSI ECC..)

Resistance soil parameter measured on site




Induced effect: Liquefaction

CSR usually defined as in Seed & Idriss 1971

a,..x= Maximum surface acceleration
oyo= lotal lithostatic pressure
o'vo=Effective lithostatic pressure

Fa= Depth normalised factor

CRR from on site geochemical or geophysical soll
strength measurements

P =13% 0.001%

150 200 250 300
V.. [mis




Induced effect: Liquefaction

Advanced methods: based on Seismic Response Analysis

Motion parameter

Synthetic stress load induced on the soll
at the several depth of the soil column

With computational solution of motion




Induced effect: Liquefaction




Induced effect: Liquefaction

Mitigation criteria: /
\

Improve resistance strength (e.g. new pole foundation)

Limit neutral overpressure (e.g. diaphragms )

Structural interventions

Diaphragms

And many others technical solutions...



Induced effect: Liquefaction

Improve resistance soll strength

e.g. >> density

Jet grouting Heavy tamping Vibro-floating
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Over loads methods
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Case histories 2D SRL




Sf e Universita degli inaAtimMento

(-

Studi di Padova

Indagini geofisiche
Indagini elettriche ERT

Indagini sismiche MASW

Indagini sismiche FTAN

Indagini sismica passiva
HVSR

100m length, 1s rec.

48 canali — spacing 3m — L. 144m
ERT 1: 48 canali — spacing dm — L. 235m — config. WS e DD el
ERT 2: 48 canali — spacing 2m — L. 94m — config. DD (o
HVSR: 4 prove — rec.time 20 min. B




= Studi di Padova
Indagini geofisiche
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~ LS Studi di Padova

Cougan®

- Risposta sismica locale

Modello di sottosuolo e mesh (elementi finiti) per la
simulazione di scuotimento
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Boaga J 2016 Integrated geophysical-geological model for seismic local site response: the Caldes
alpine slope case (Southern Alps, NE Italy)

Samoclevo site Caldes site

T(s)

Seismic local response 1s crucial



Spettro di risposta elastico

——— Analisi 3D '

Analisi 2D - Sez. 1
- = = Apalisi 2D - Sez. 2
—— Analisi 2D - Sez. 1cos

Local 2D effects S AT

Accelerazione (g)

Periodo (sec)

Legend

Recent sediménts (Aterno River)
Megabreccg

Upper lacastrine clays
Lower ldcustrine clays
Limegtones (Bedrock)

3.700 m

L' Aquila basin

Seismic local response
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SEZIONE _ A-A

ccelerazone nodo 7 (g) Accelerazone nodo 8 (g) Accelerazione nodo 9 (g) Accelerazione nodo 13 ()

Seismic local response




Seismic Microzonation
Alpago

(Thesis: Ingegneria Ambiente Territorio 2013)

Level |

4’ :

4

__Puos dALPAGO

LEGENDA:

DEPOSITI DI COPERTURA

TK 3

ALTRI SINDOL)

Estratto dalla cartografia del Piano Regolatore comunale




Seismic Microzonation

Resonance frequency of soil

Max. H/V at 2.44 £ 0.04 Hz_ (In the range 0.0 - 20.0 Hz).

— Ayerage HIY |

Level 2

H/V ratio

Frequency (Hz)

V H7

Max. HV at 12.5 £ 0.03 Hz. (In the range 0.0 - 20.0 Hz)

O
)
o
2
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eismic Microzonation
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Seismic response analysis

Level 3

top/base
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Seismic response analysis

Level 3
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Tower

1 frequency [Hz] 10

Max. H/V at 1.88 £ 0.08 Hz (in the range 0.0 - 400 H2)

| w— Ayerage HV |

Site




