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Observation of Roman archaeological monuments
& seismic site effect in the city of Rome

by Jean-Luc Berenguer
Geoazur Education & Outreach - University Cote d’Azur

The "eternal city", capital of an empire to which it
gave its name, Rome has preserved treasures from its
past, such as the Colosseum, which have earned it the
title of the world's first museum city.




Let me quickly introduce myself

Teacher Biology-Geoscience (retired), middle and high school

Lead seismology schools network in France since 25 years

Member of Education Team at Geoazur lab. (University Cote d’Azur)

Involved today in :

EDUMED Observatory > http://edumed.unice.fr

INSIGHT Education > https://insight.oca.eu

European EGU Committee of Education > Deputy Chair
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Let us practice ... as we can with ‘Zoom’!

Step 1: some slides to explain the case study
Step 2: data mining online in real time
Step 3: experiment and conclusions

This hands-on workshop is about the seismic site
effect.

| will illustrate this geophysic topic with the old
Roman treasures.

We will focus on two monuments, the columns of
Marcus Aurelius and Trajan built in the 2nd century.



The columns of Marcus Aurelius and Trajan were built in the 2nd century.

Located at two separate points in the city, these columns, some 30 meters high, are decorated with a continuous
frieze of ‘bas-reliefs’ showing battle scenes and groups of enemies defeated during the wars fought by the Romans.

A close examination of the bas-reliefs of these columns
shows an anomaly in one of them.
Could you find it? ... Let’s try to explain it.
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detail of bas relief of the columns
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Hypothesis:

History : Strong
earthquakes
(after the 2"9 Century).

They would have
affected the stability of
the columns, in
particular that of
Marcus Aurelius...

If this fact is verified, it
will be necessary to
explain why the Trajan
column was much less
affected.

600 m

Jean-Luc BERENGUER (Geoazur E&O, University Cote d’Azur)



What about the seismicity in Italy ?
Today, Rome could be affected by local and regional earthquakes
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GIFT 2022 — Session 1
The Link Between Rome’s
Geologic Setting to its

Past, Present, and Future

By Grant Heiken

Earthquakes
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What about the seismic network in Rome City ?

The seismological monitoring network allows the comparison of seismograms during recent seismic events.
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Unita di Saccopastore
Ghiaie e sabbie fluviali, limi
Pleistocene sup.

Formazione Villa Cenni.
Ceneri e scorie rimaneggiate.
Pleistocene medio.

Formazione Villa Cenni.
Ignimbrite pozzolanacea.
Pleistocene medio.
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Tufi stratificati di La Storta.
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Pleistocene medio.

Pozzolane rosse
Ignimbrite pozzolanacea.
Pleistocene medio.

Tufi stratificati di Sacrofano.
Livelli lapillosi e cineritici da ricaduta
Pleistocene medio
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Pleistocene inf

Formazione Monte Mario.
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seismological monitoring network : INGV Roma (Thanks to Giovanna Cultrera)
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Seismic event :
GREECE, 2021.03.03, M=6.3

Virtual globe

http://edumed.unice.fr/data-center/seismo/

2021.03.03 / Earthquake occured in Greece, recorded in Roma Download ZIP file
Example of amplitudes values versus geological nature of soils.
Display with Tectoglob3D

Jean-Luc BERENGUER (Geoazur E&O, University Cote d’Azur)


http://edumed.unice.fr/data-center/seismo/

Data Mining on EDUMED Observatory data center > http://edumed.unice.fr/data-center/seismo/

2021.03.03 / Earthquake occured in Greece, recorded in Roma
Example of amplitudes values versus geological nature of soils.
Source : EDUMED seismo center data base Display with Tectoglob3D
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http://edumed.unice.fr/data-center/seismo/

Data Mining on EDUMED Observatory data center : http://edumed.unice.fr/data-center/seismo/
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http://edumed.unice.fr/data-center/seismo/

Data Mining on EDUMED Observatory data center : http://edumed.unice.fr/data-center/seismo/
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Réglages / paramétres

Echelle des ordonnées commune :

Utilisez la molette de la souris pour zoomer sur les sismogrammes.
Cliquez sur le nom d'une station pour centrer la vue sur elle.

Evénement étudié : | NEAR FRENCH RIVE 27/09/2019 v | Canal affiché : | (tous) v |

Double-cliquez (si la distance est indiquée) pour créer un cercle matérialisant la distance a ['épicentre.

EGU GIFT 2022 - Hands-on session : Observation of Roman archaeological monuments & seismic site effect in the city of Rome. Jean-Luc BERENGUER (Geoazur E&O, University Cote d’Azur)


http://edumed.unice.fr/data-center/seismo/

Seismic waves arrival ... the earth shakes ... and us too
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Intensity scale
(MSK / EMS98)

» Effects evaluation
(population / buildings)

= In relation with the seismic
focus (distance & site)

= Evaluation by testimonies &
field observation:
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Macroseismic map > evaluation of the intensity

ITALIE

Macroseismic map > what we can expect ...
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Le Bureau Central Sismologique Francais
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Le Bureau Central Sismologique Francais
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Carte des intensités EMS98 estimées par le GIM - Groupe d'intervention macrosismique
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Seismic waves propagation (local scale)
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lllustration by P. Bernard (IPGP)



Modeling the site effect!

The precise analysis of the seismograms shows a site effect on the city of Rome ...
Site effect in seismology can be model at school. The result of a modelling exercise carried out by students can be shown.

Modelling of a site effect. The device consists of a wooden beam hollowed out and then filled with several layers of sand. Two
piezoelectric cells (microphones) placed respectively on the wood and on the sand record the shocks created by an impact,

opposite the box.
g |

Sand or
candlewax
or jello
on " . w w
1.
o a
sand | *“ A —4
ol .,
"
os b |
wood | = - .
J-‘J
| A8

EGU GIFT 2022 - Hands-on session : Observation of Roman archaeological monuments & seismic site effect in the city of Rome. Jean-Luc BERENGUER (Geoazur E&O, University Cote d’Azur)



Free software ‘Audacity’ m

to record data ;\llllill‘zi[»\"

Piezocells.
To connect

piezocells to the computer

e

"line in"
(couleur bleue sur carte récente,
sinon noire avec repére écrit).




Modeling the site effect!

The modification of the amplitude, of the frequency, of the duration can impact houses, buildings ... archeological

monuments |
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Stem el l
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-« Low
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For example, these methods can be based on the number of floors: a flexible building has, roughly speaking, a resonance
frequency equal to 10 divided by the number of floors (f = 10/N) whereas a rigid structure has a frequency given by 20
divided by the number of floors (f = 20/N).
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Back to our seismic stations .... and our columns
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Resonance frequency = 10/N > N = 10/0,9 = 11 stairs = 27,5 m
N = number of floors of a building

—— The Italian archaeologist Filippo Coarelli gives the following measurements
oo I W > height of the column : 30 m
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Back to our Roman columns !

The site effect in the city of Rome
has impacted the stability of the columns ...
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4 millions people are living in Roma !

Today, Rome is no longer just the marble city left by the
Roman emperors, it has become the capital of Italy and is
experiencing an unusual and huge urban expansion.

During all these centuries, the city of Rome and its region
have experienced and are still experiencing many seismic
events.

A seismic hazard that needs to be better understood at a

time when the urban agglomeration is populated by nearly
four million people.

I | current urban area

non-urbanized area
. urban area in 1916
-~ Aurelian Wall

Current urbanization of the Rome agglomeration (Department of Geological Sciences - University of Roma Ill, Italy)
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Mexico City, a megacity in South America, is highly vulnerable to earthquakes.

In 1985, a strong earthquake of magnitude 8.2 destroyed the capital city.

Mexico City
19/09/1985
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The event caused serious damage to the Greater Mexico City area and the deaths of at least 5,000 people.
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Macroseismic Intensity Map
USGS ShakeMap: Michoacan, Mexico
Sep 19, 1985 13:17:47 UTC M8.0 N18.19 W102.53 Depth: 27.9km 1D:usp0002jwe

Mexico city was very far from the earthquake focus ... and yet !
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Mexico city was very far from the earthquake focus ... and yet !
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PGA: Peak Ground Acceleration
The amplitude of the waves is given in acceleration values (cm/s?)
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Mexico City, a megacity in South America, is highly vulnerable to earthquakes.

In 1985, a strong earthquake of magnitude 8.2 destroyed the capital city.

Mexico City
19/09/1985

7 =t |
The collapse of buildings is related to their height.
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Today, the capital Mexico City is a megalopolis ...

... but just 700 years ago it was an island of two square kilometers in the middle of a lake. Like Venice in Italy, the Aztec
city was built on islands and land taken from the marshes. What was once a lake was first filled in by the Aztecs, who
built dykes and canals, and then by the Spanish, who conquered the city.
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Site effect in the big cities ... Focusing on prevention !

The SAS (Sistema de Alerta Sismica), makes Mexico City a pioneer in seismic prevention
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To resume the seismic site effect
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