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Geotecriica(NMecanicade suelog

Granularmaterials (solidparticles voidfull of air and/or water, degree daturation

Grain sizeX @

Permeability

«SANDYsolls»
«CLAYEolIls»

CIVIL ENGINEERIN®Gblems

Coarsegrainedsoils
Fine grainedsoils

Coarsesoils k=10 + 102 cm/s
Fine soils k=1 + 10°cm/s

DRAINED behaviour «D»
UNDRAINEDehaviour «NDy»

Deformation (e.g.foundationsettlementy
Failure (safetyagainstcollapse

IngenieriaSismicaEvoluciondel conocimientoy susreflejos enlasNormativas Armando Lucio Simonell



4 =g . " : " . . .
- colegio D # m Congreso Internacional Terremotos y Vulnerabilidad Universita degli Studi del Sannio
MosyAgri sores (CODIA)

Dinamicaciesuelosy IngenieniaGeotecriteasSismica

Dynamiicbehaviour of seils (small, medium and largkeformationsX failure)

Smalldeformations C In situtests(e.g. DH, CH, MASW)

SeismicCodes Vs (or ViRhieasurement

Medium-Largedeformationsg Laboratorytests(not common inpractise

SeismicCodes nomandatory
(literaturecurves
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Dynamiicbehaviourof soils (small, medium and largleformationX failure)

Soil¢ SeismidNavedynamicinteraction

SmaltMedium deformations  e.g. Locakeismicesponse
e.g. FoundatiorKinematiclnteraction

Large deformations e.g. Liquefaction(sandysoilg
e.g.Landslidesfoundation collapse

Deformation (e.g.settlements lateraldisplacementy

CIVIL ENGINEERINGDIEMS i (PBD. :Peformanedasetdesign/i)
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Dinamicaciesuelosy IngenieniaGeotecriteasSismica

Soil¢ SeismidNavedynamicinteraction
SmaltMedium deformations @ocalseismicresp@
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INTRODUCTION

Engineeringciencedevelopsfrom the observationof naturalphenomena
that happen

We try to interpret and simulate them by means of physical and
mathematicalapproaches

Hencewe have to checkif our theoretical approachesare effective, by
meansof experimeniai¢eri

A THEORETICAL SIMULATION
\ EXPERIMENTAL VERIFICATION
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Traditionalwell studiedEarthquakes
FARFAULTEarthquakes(FF)
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Earthquake phenomenon

Deep tectonic plates tends to move relatively : High stress accumulation !

When the stresses reach a «limit» value, a failure phenomen takes place.

The released energy propagates as seismic waves, from the focus all over around, even

towards the free surface: EARTHQUAKE !!!

Scarpata di faglia

Ipocentro

The source fault is sometimes visible on the surface.
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Seismic waves propagation

body waves

Onde P Primae: vibration in the direction of propagation

Onde S  Secundae: vibration in the direction orthogonal to the direction of propagation

acordeon

Pwaves =—————{— Swaves =

A P waves are faster than S waves (about 1.7 times).

A When the P and S waves reach the surface, they generate Superficial waves.
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P and S waves e
B T ]
A Earthquake and sesimic waves : S
A Moto sussultorio/ondulatorio Onda P —
A S waves and shear stiffness Go -
U Measurement methods i LhJ
(geophisical and geotechnical) Onda s >

U Saturated soil

Pore fluid
incompressible

Soil scheleton
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FAR-FAULT condition

Far- Fault
Epicentre

F Fault A\ :’
A Propagation = === = - ocaiconditions
R path Sa

Source /T@_///\
E mechanism Hypocentre
I
E
L x P and S waves emerge on the surface with vertical propagation direction
D . : .

x P waves arrive first (vertical earthquake), S waves arrive later (undulatory earthquake)

x Vertical accelerations rather smaller than the horizontal ones

x Main frequency content - P waves: 5-10 Hz , S waves: 2-5 Hz
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FAR-FAULT condition

Far- Fault
Epicentre
= Fault ), A ' RSL
A Propagation == === —#& — - = - ocaiconditions
R path Sa
Source %_//\
= mechanism Hypocentre
I
E
L In traditional seismic engineering studies, therefore, the earthquake is schematized as:
D : :
x vertical propagation of only S waves

X the soils are essentially characterized by their G shear stiffness (and horizontal period T)

x the actions on the structures are exclusively horizontal actions
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FAR-FAULT condition

Far- Fault
Epicentre
F Fault | :’ R
A Propagation = === = - ocaiconditions
R path Sa
Source X/@__//\
E mechanism Hypocentre
|
E
L
D 0 - 0 0 0 = -
Seismic Code: This is the kind of earthquake that, up to now, is accomplished

in all the National and International Codes !
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Assisi Earthquake 1997
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Local Seismic Response (always in Far -Fault conditions )
Modification of :  § amplitude Microzonation
1 frequency content ""
1 duration Horizontalwave propagation ,I
) /
. ., . / \';5!.
due to local soil conditions gy
Rayiespy PR
WaVes ) 5
Nk
Swaves Pwaves $
A
A
<@
N e U N —

7I5rop;agati6}direction of bodyWéve

Seismicsource
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LOCAL SEISMIC RESPONSE :

Experimental evidence

10s \
y Caleta de Campos

j EPICENTER
C Oco\\ i< 332 km ———>
“Plapg > | 379 hm = >
le 400 km >

Michoacan, 1985 - M=8.1 N
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RESONANCE Phenomena

Seismic waves d soil - structure Resonance

Scenario piu pericoloso:doppia risonanza Citta del Messico:doppia risonanza
N 15
10 - 10 —1 ,5 S [:> 2 S
o ° o o SOl . 0] o ° o LZZ
ok AR D], DR B A
e e T T R R .
: . N
= ‘ | N
7 777, e @D
=] - £ Q
B .
: : A
2 !
é 7 ! >frequency T* 22 2 S Periodo

£

Coincidenza tra periodo caratteristico
dell’'accelerogramma, periodo fondamentale del sito e
periodo di vibrazione della struttura

Seismic Code: i1 T i@ always the main horizontal period of the structure!
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SEISMIC CODES: Evaluation of the Local Seismic Response

Far- Fault
— _
Epicentre
Fault A\
Propagation
m

Source %_//\

mechanism Hypocentre

O > T

True RSL 1 Analysis of propagation of vertical SH waves, coming up

from the bedrock (or astiffsoilwi t h Vs O 800 m/ s

O m-— T

Simplified RSL - Amplification factors Ss for different soil categories (5+2),

based on subsoil equivalent shear wave velocity
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SEISMIC CODES: Evaluation of the Local Seismic Response

Far- Fault
—— _
Epicentre o
Fault A\ A e
Propagation
path Sa

Source %_//\

mechanism Hypocentre

O > T

Simplified RSL : Two main observations

O m-— T

FIRST - Soil categories should not be based on Vg5, buton V
when the bedrock is within the first 30 m (see NTC2018)

S,eq

SECOND - Soil categories are valid only for deposits with stiffness constant
or incresing with depth (NEGLECTED IN THE PRACTICE)!!!
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Traditionalwell studiedEarthquakes
accountedfor in national and internationaeismiccodes:
FARFAULTEarthquakes(FF)

What happens in

NEAR-FAULT condition ?7??

Near - fault

Meccanismo di_*)
sorgente
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INTRODUCTION

Engineeringciencedevelopsfrom the observationof naturalphenomena
that happen

We try to interpret and simulate them by means of physical and
mathematicalapproaches

Hencewe have to checkif our theoretical approachesare effective, by
meansof experimeniai¢eri

A THEORETICAL SIMULATION
\ EXPERIMENTAL VERIFICATION
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[ Q! |jEdmihfuieke 2009: Time Histories @lccelerationat AQV(42.377N;13.344E)
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Honon i/ Eartiguaket |
Examples of Damage to due to
high vertical componerdf ground motion

L6 Aqui | iaRedddexifl buildings with damage due to high vertical seismic actions
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Honon ' dp v/ Eattlguaket |
Examples of Damage to due to
high vertical componerdf ground motion

Lo Agqui | iaReddexial buildings with damage to bow-windows under high vertical seismic actions
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Honon ' dp v/ Eattlguaket |
Examples of Damage to due to
high vertical componerdf ground motion

Lo Agui | iaReddexial buildings with damage to intermediate floors because of their higher
frequency vibration modes
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Honon i/ Eartiguaket |
Columns

Failureat columntop section(circular& rectangulai).
Stirrupsspacing(certainly!) greaterthan 200mm.
Inadequateconcrete mix anccompressionstrength

Armando Lucio Simonell
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Examples of Damage to due to
high vertical componerdf ground motion

Pettino Building : System Global-Collapse
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Honon ' dp v/ Eattlguaket |

’:T'A-_I Zl.:"ali $ if’;
b 2

Pettino Building : System Global-Collapse
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Examples of Damage
to due to

.| high vertical component

of ground motion
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201617 Italia CentraleEarthguake- Accumaol
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201617 Italia CentraleEarthguake- Amatrice
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201617 Italia CentraleEarthguake- Amatrice
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NEAR-FAULT condition

N < Near - fault >
E
A Epicentre - —
R
F Source
mechanism Hypocentre

A

x P and S emerge on the surface with inclined direction === contribute to both horizontal and vertical oscillations
L
T x P waves and S waves arrive almost simultaneously === combined motion

x Comparabl e values of vertical and horizontal accelerat

x  Frequency content of horizontal and vertical motions are similar (from low to higher frequencies)
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@1_1 ISTITUTO NAZIONALE DI GEOFISICA E VULCANOLOGIA
Mappa di pericolosith sismica del territorio nazionale
141 mpema i i < amcelegazter: rwsndren el
NEAR-FAULT condition ez,
P mw _,J--—"‘-{f',' = ‘_;
}/"/ }‘\Vﬁ i ‘\El nm%ﬁ.{?su
J'l - 0.050 - 0.075
0.075-0100 [
- d o laemE
- 0.150-0.175
\ ’K .0.1?5-0.200
- - 0.200-0.225
. M o200-
N _ Near - fault -~ - b & -Zﬁziz
E - ” 1 .,‘._-.._Io.zrs-o.aoo
¢ I,-] . .'_ i { ' ‘ N\{';L\j:"’\
A ‘” 1 Y R !
| Iy
= Source -
mechanism Hypocentre :
A T
U == A )
L It is evident, therefore, that the traditional approach of seismic engineering,
T
as propagation of S waves only in the vertical direction

(hence only horizontal motion),

is very far from what occurs in near-fault conditions
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Local Seismic Response (always in Far -Fault conditions )

Modification of :  § amplitude

1 frequency content

9 duration Horizontalwave propagation
. ., ‘-{\h.
due to local soil conditions ;? i i
ayleigh ""GVej@
X

Pwaves

What happensin Near-Fault Conditions?

(Soilresponseo Vertical Accelerationgoo X vertical period T, and Amplification)
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Lecciones sobre
terremotos recientes en
areas cercanas a fallas

Lessons from
recent earthquakes in
near -fault areas
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Project SHATTENFEE - Summary

Recent surveys conducted after destructive earthquakes demonstrated that
conditions, combinedvertical and horizontal motions causedunusualand ps
to geotechnicaland structural systems

near fault (NF)
RIstood damage

In NearFaultareasearthquakegroundmotionsare significa
A the shortdistancefrom the fault;
A the seismids I @ Bididencedirection(ges

Asaresult
A the time delaybetweencop»
A horizontaland verticg
contents,becays

#Cts on SSlsystems,so this project will focus on this
overall problem.

eetypical soil deposit, with and without the presenceof a foundation
dgoscillator, will be exploredexperimentallyon the 6-DoFshakingtable at
g4 new soil container specificallydesignedfor vertical wave propagation

In particuld e vertical dynamic response characteristics,e.g. the period of vertical vibration,
damping coefficient, and effect of soil non-linearity and excitation characteristics(e.g., harmonic,
impulse, seismic),will be investigatedexperimentally and numericallyto provide fundamentalinsight
and guidefurther researchand codeof practicedevelopment
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Sketch of the container elements and photo of the whole container located on the table
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i e Yy @ Accelerometers
=4V @ Pressure sensors
c=v+— L aser sensors

Location of sensors
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