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Synopsis

× SoilMechanicsand SoilDynamics

× MainGeotechnicalEarthqu. problems

× Focus on Local SeismicResponse

(with Code references)

× Overviewon RSL in Near-Fault conditions
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Geotecnica  (Mecanicade suelos)

Granular materials

Grain size ΧΦ 

Permeability

«SANDY  soils»             DRAINED behaviour «D»
«CLAYEY  soils»            UNDRAINED  behaviour «ND»

CIVIL ENGINEERING problems

Coarsegrainedsoils
Fine       grainedsoils

Coarsesoils k = 100 ÷ 10-2 cm/s
Fine       soils k = 10-8 ÷ 10-9 cm/s

Deformation (e.g. foundationsettlements)
Failure (safetyagainstcollapse)

(solidparticles,  void full of air and/or water, degree of saturation)
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Dinamica de suelos y   IngenieriaGeotecnica Sismica

Dynamic behaviourof soils

Small deformations ςIn situ tests(e.g. DH, CH, MASW)

Medium-Large deformationsςLaboratorytests(not common in practise)

(small,  medium  and  large deformationsΧ failure)

SeismicCodes:  Vs (or VR measurement)

SeismicCodes:  no mandatory
(literature curves)
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Dinamica de suelos y   IngenieriaGeotecnica Sismica

Dynamic behaviourof soils

SoilςSeismicWavedynamicinteraction    

CIVIL ENGINEERING problems

Small-Medium deformations e.g. Local seismicresponse
e.g. Foundation KinematicInteraction

Deformation (e.g. settlements, lateraldisplacements)
Failure (PBD :  Peformancebaseddesign !!!)

(small,  medium  and  large deformationΧ failure)

Large  deformations e.g. Liquefaction(sandysoils)
e.g. Landslides, foundation collapse
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Dinamica de suelos y   IngenieriaGeotecnica Sismica

SoilςSeismicWavedynamicinteraction    

Small-Medium deformations e.g. Local seismicresponse
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INTRODUCTION

Engineeringsciencedevelopsfrom 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 experimentalverification

Å OBSERVATION of Natural Phenomena

Å THEORETICAL SIMULATION

Å EXPERIMENTAL VERIFICATION
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Traditionalwell studiedEarthquakes:

FAR-FAULT  Earthquakes(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 !!!

The source fault is sometimes visible on the surface.



IngenieríaSismica: Evoluciondel conocimientoy sus reflejosen las Normativas Armando Lucio Simonelli   

Università degli Studi del SannioUniversità degli Studi del SannioCongreso Internacional Terremotos y Vulnerabilidad

Onde P Primae: vibration in the direction of propagation

Seismic waves propagation

Å When the P and S waves reach the surface, they generate Superficial waves.

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

body waves

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

P waves S waves

acordeòn
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P  and  S  waves

ÅEarthquake and sesimic waves

ÅMoto sussultorio/ondulatorio

ÅS waves and shear stiffness Go

ü Measurement methods

(geophisical and geotechnical)

ü Saturated soil

Soil scheleton

Pore fluid
incompressible
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ü Measurement methods

(geophisical and geotechnical)

ÅEarthquake and sesimic waves

ÅMoto sussultorio/ondulatorio

ÅS waves and shear stiffness Go

P  and  S  waves

ü Saturated soil

Soil scheleton

Pore fluid
incompressible
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FAR-FAULT condition

× P and S waves emerge on the surface with vertical propagation direction

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

× Vertical accelerations rather smaller than the horizontal ones

× Main frequency content - P waves: 5-10 Hz , S waves: 2-5 Hz

Far - Fault

Fault

Epicentre

Hypocentre

Propagation

path

Source 

mechanism

Local conditions

F

A

R

F

I

E

L

D

RSL
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In traditional seismic engineering studies, therefore, the earthquake is schematized as:

× vertical propagation of only S waves

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

× the actions on the structures are exclusively horizontal actions

FAR-FAULT condition

Far - Fault

Fault

Epicentre

Hypocentre

Propagation

path

Source 

mechanism

Local conditions

F

A

R

F
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FAR-FAULT condition

Seismic Code: This is the kind of earthquake that, up to now, is accomplished

in all the National and International Codes !

Far - Fault

Fault

Epicentre

Hypocentre

Propagation

path

Source 

mechanism

Local conditions
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EarthquakeLõAquila, 2006

Assisi  Earthquake,  1997
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Seismicsource

Horizontalwavepropagation

Propagationdirection of body wave

P wavesS waves

due to local soil conditions

Modification of : ¶amplitude

¶frequency content

¶duration

Local Seismic Response (always in Far -Fault conditions )

Microzonation
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Mexico City

Michoacan, 1985 - M=8.1

LOCAL SEISMIC RESPONSE :

Experimental evidence
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RESONANCE Phenomena

Seismic wavesðsoil - structure Resonance

Seismic Code: ñTò is always the main horizontal period of the structure !
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SEISMIC CODES: Evaluation of the Local Seismic Response

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

from the bedrock (or a stiff soil with Vs Ó 800 m/s)

Far - Fault

Fault

Epicentre

Hypocentre

Propagation

path

Source 

mechanism

Local conditions

F

A

R

F

I

E

L

D

RSL

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

Fault

Epicentre

Hypocentre

Propagation

path

Source 

mechanism

Local conditions
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Simplified RSL : Two main observations

FIRST - Soil categories should not be based on   VS,30 but on   VS,eq

when the bedrock is within the first 30 m (see NTC2018)

SECOND - Soil categories are valid only for deposits with stiffness constant

or incresing with depth (NEGLECTED IN THE PRACTICE)!!!
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fH=1.47Hz

TH=0.68s

Npiani ~ 7

fH=0.89Hz

TH=1.12s

Npiani ~ 11

fH=1.25Hz

TH = 4H/Vs = 0.80 s

Npiani=8
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NEAR-FAULT conditionTraditionalwell studiedEarthquakes, 

accountedfor in national and international seismiccodes:

FAR-FAULT  Earthquakes(FF ) 

What happens in

NEAR-FAULT condition ???

Ipocentro

Epicentro

Near - fault
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INTRODUCTION

Engineeringsciencedevelopsfrom 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 experimentalverification

Å OBSERVATION of Natural Phenomena

Å THEORETICAL SIMULATION

Å EXPERIMENTAL VERIFICATION
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Pettino

0.434
0.451

0.626
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AQA

AQG

AQV

AQK
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å 20 s

[Ω!ǉǳƛƭŀ Earthquake, 2009: Time Histories of accelerationat AQV (42.377N;13.344E) 

Station epicenterdistance4.8 km 
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NEAR-FAULT  EARTHQUAKES

STRUCTURAL DAMAGE

!ǇǊƛƭ сΣ нллф [Ω!ǉǳƛƭŀ earthquake
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LôAquila 2009 ïResidential buildings with damage due to high vertical seismic actions

Examples of Damage to due to
high vertical component of ground motion

нллф [Ω!ǉǳƛƭŀ Earthquake
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LôAquila 2009 ïResidential buildings with damage to bow-windows under high vertical seismic actions

нллф [Ω!ǉǳƛƭŀ Earthquake

Examples of Damage to due to
high vertical component of ground motion
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LôAquila 2009 ïResidential buildings with damage to intermediate floors because of their higher 

frequency vibration modes

нллф [Ω!ǉǳƛƭŀ Earthquake

Examples of Damage to due to
high vertical component of ground motion
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Failureat columntop section(circular& rectangular).

Stirrupsspacing(certainly!) greaterthan 200mm.

Inadequateconcrete mix and compressionstrength

Columns
нллф [Ω!ǉǳƛƭŀ Earthquake
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Pettino Building : System Global-Collapse

Examples of Damage to due to
high vertical component of ground motion

нллф [Ω!ǉǳƛƭŀ Earthquake
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Pettino Building : System Global-Collapse

нллф [Ω!ǉǳƛƭŀ Earthquake
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Examples of Damage 
to due to

high vertical component 
of ground motion

2016-17 Italia Centrale Earthquake- Accumoli
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Examples of Damage 
to due to

high vertical component 
of ground motion

2016-17 Italia Centrale Earthquake- Accumoli
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2016-17 Italia Centrale Earthquake- Amatrice
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2016-17 Italia Centrale Earthquake- Amatrice
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Ipocentro

Epicentro

Near - fault

× P and S emerge on the surface with inclined direction contribute to both horizontal and vertical oscillations

× P waves and S waves arrive almost simultaneously combined motion

× Comparable values of vertical and horizontal accelerations

× Frequency content of horizontal and vertical motions are similar  (from low to higher frequencies)

NEAR-FAULT condition
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It is evident, therefore, that the traditional approach of seismic engineering,

as propagation of S waves only in the vertical direction 

(hence only horizontal motion),

is very far from what occurs in near-fault conditions

Ipocentro

Epicentro

Near - fault
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Seismicsource

Horizontalwavepropagation

Propagationdirection of body wave

P wavesS waves

due to local soil conditions

Modification of : ¶amplitude

¶frequency content

¶duration

Local Seismic Response (always in Far -Fault conditions )

What happensin Near-Fault Conditions? 

(Soilresponseto Vertical AccelerationstooΧ vertical periodTV and  Amplification)



Conferencia: 
Lecciones sobre 
terremotos recientes en 
áreas cercanas a fallas

Lessons from 
recent earthquakes in 
near -fault areas

Armando L. Simonelli



SEISMOLOGY AND EARTHQUAKE ENGINEERING RESEARCH 

INFRASTRUCTURE ALLIANCE FOR EUROPE

SERA

SHAkingTable Testing
for 

Near Fault Effect Evaluation

(SHATTENFEE)

Lead User Prof. Armando Lucio Simonelli

University of Sannio(Italy)
School of Civil Engineering 
Department of Engineering



PROPOSING RESEARCH TEAM & HOSTING TA FACILITY

HOSTING
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University of Bristol
UK
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Project SHATTENFEE - Summary

Recent surveys conducted after destructive earthquakes demonstrated that, in near fault (NF)
conditions,combinedvertical and horizontal motions causedunusualand poorly understooddamage
to geotechnicalandstructural systems.

In NearFaultareasearthquakegroundmotionsaresignificantlyinfluencedby:
Åthe shortdistancefrom the fault;
Åthe seismicǿŀǾŜǎΩincidencedirection(generallynot vertical).

Asa result:
Åthe time delaybetweencompression(P)andshear(S)wavesisshort;
Åhorizontalandverticalcomponentsof the strongmotionsare characterizedby similarfrequency

contents,becauseof the contributionof both PandSwaves;
Åhorizontalandverticalpeakgroundaccelerationvaluesareof the samemagnitude;
Åseismicactionson structural systemsare peculiarand tend to exceedthe valuesprovidedby

existingcodesof practice.

Little is understood about vertical motion effects on SSIsystems,so this project will focus on this
aspectasa keystep in understandingthe overall problem.
Thevertical dynamicbehaviourof a typical soil deposit,with andwithout the presenceof a foundation
systemand a simplified scaledoscillator,will be exploredexperimentallyon the 6-DoFshakingtable at
BristolUniversity,usinga new soil containerspecificallydesignedfor vertical wavepropagation.

In particular, the 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 investigatedexperimentallyand numerically to provide fundamental insight
andguidefurther researchandcodeof practicedevelopment.
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Sketch of the container elements and photo of the whole container located on the table
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Figure 8: Location of sensors (see also Table 2).

Location of sensors 




