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Plinius, Naturalis Historia, Liber XXXVI, xxi, 95 

Graece magnificentiae vera admiratio exstat templum Ephesiae
Dianae CXX annis factum a tota Asia. 
In solo id palustri fecere, ne terrae motus sentiret aut hiatus
timeret rursus ne in lubrico atque instabili fundamenta tantae
molis locarentur, calcatis ea substravere carbonibus, dein
velleribus lanae
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‘400/’500

Leonardo

Sui terremoti
L’acqua, superata dal caldo nel ventre della terra, si vapora, e crescie sua 
quantità, a similitudine della polvere infocata nella bombarda, e rompe la 
terra nella più debol parte, la quale escie a scosse, perché è riserrata dal 
peso della terra, che s’aperse per dare al primo impeto esito; […]

Sugli archi
L’arco non si romperà, se la corda de l’archi di fori non tocherà l’arco di 
dentro. Questo apare per isperienza, che ogni volta che la corda a o n 
dell’arco di fori n r a tocherà l’arco di dentro x b l, l’arco darà principio a 
ssua deboleza, e ttanto si farà più debole, quanto l’arco di dentro ronperà
d’essa corda

Sui collegamenti tra pareti e solai
Ogni trave vole passare i sua muri e esser ferma di là da essi muri com
soffiziente catene, perché spesso si vede per tremori le travi usscire de’ 
muri e rovinare poi i muri e solari; dove, se sono incatenate, terano i muri 
insieme fermi, e e’ muri fermano i solari.

F. Di Teodoro, L. Barbi (1983). Leonardo da Vinci: «del riparo a’ terremoti». 
Physis, XXV, 1, 5-39

Alberti:
Per sistemare gl’impalcati 
lasciano i muri trapassati 
perfino nelle ossature da 
ampi squarci
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1570: 
Ferrara

Stefano 
Breventano

Caretaker of 
the Accademia 
degli Affidati, 
Pavia
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seismogenesis (What an earthquake is and what causes it), 
concluding that the principal cause of an earthquake is God

wave-motion (How many kinds of earthquake there are)

warning signs (Signs, which precede the earthquake)

duration (The duration of earthquakes)

local hazard and amplification of the movement (Places which are 
more or less susceptible to earthquakes)

effects (Under which weather conditions are earthquakes most 
likely to occur, and The effects that earthquakes cause)

only half a page on the topic of reducing vulnerability and risk 
(Remedies or protection against earthquakes), drawing on some of 
the instructions given by Pliny
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Pirro Ligorio
Libro di diversi terremoti

a cura di Emanuela Guidoboni
De Luca Editori d’Arte, Roma, 
2005

l’edificio è descritto alle pagine 
93 – 97 dell’edizione citata ai f. 
58 – 61 dell’opera 

The seismic 
resistant building
by Pirro Ligorio
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La legge fondamentale 
dell’elasticità nel testo 
originale di Robert Hook

UT TENSIO, 
SIC VIS

1678
Robert Hooke

F= 𝐊 × ∆

At point 2 it is described how a perfectly compressed arch can be constructed as the reverse shape of 
that of a wire subjected to the same load system. 
The meaning of the anagram:
“abcccddeeeeeefggiiiiiiiiillmmmmnnnnnooprrsssttttttuuuuuuuux”
was revealed in 1705, after his death, by the last will executors: 
“Ut pendet continuum flexile, sic stabit contiguum rigidum inversum”
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(I)
Corpus omne perseverare in statu
suo quiescendi vel movendi
uniformiter in directum, nisi 
quatenus a viribus impressis cogitur
statum illum mutare

(II)
Mutationem motus proportionalem
esse vi motrici impressae, et fieri
secundum lineam rectam qua vis
illa imprimitur

(III)
Actioni contrariam semper et 
aequalem esse reactionem: sive
corporum duorum actiones in se 
mutuo semper esse æqualis et in 
partes contrarias dirigi

Isaac Newton, Philosophiae Naturalis
Principia Mathematica,  London, 

F = m x a

SF = 0

1687
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the age of Enlightment

Leibniz   Pope

Tout est bien
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The Lisbon
earthquake

Travel times of the tsunami (hours) 
NOAA's National Geophysical Data Center (US)

Jan Kozak Collection NISEE Berkeley

1755
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Isidoro Ortiz
Gallardo

1755

explosions occur beneath the 
earth’s surface, the products 
of which race through the 
underground chambers of the 
earth until they find a weak 
spot in the earth’s surface, 
tearing it apart and producing 
an earthquake
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1756 Voltaire
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1756 Rousseau

http://7aese.eucentre.it/
http://7aese.eucentre.it/


G.M. Calvi
16

1908 
Messina earthquake

1906 
San Francisco earthquake
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San Francisco, 1906, view from Stanford Mansion, Photo by Lester C. Guernsey

San Francisco, 1906, earthquake shacks
Messina, 1908, The once beautiful Water-front after the 
earthquake. Digging for bodies (Underwood & Underwood)) 
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Harry Fielding Reid

measurements on the San Andreas fault

the Elastic Rebound Theory
earthquakes are related to the accumulation of 
strain along faults and of its sudden release
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The concept of continental drift: Abraham Ortelius 
(1596), Alfred Wegener (1912), Tuzo Wilson (1965)

Ortelius (Thesaurus 
Geographicus): 

[the Americas were] "torn 
away from Europe and Africa  
by earthquakes and floods”
[…] "The vestiges of the 
rupture reveal themselves, if 
someone brings forward a map 
of the world and considers 
carefully the coasts of the 
three” [continents]
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Regio Decreto 18 
aprile 1909, n. 193, 
pubblicato sulla G.U. 
n. 95, del 22 aprile 
1909 

1. the static actions due to the 
building’s own weight and 
overloading, increased by a 
percentage that represents the 
effect of the vertical vibrations; 

2. the dynamic actions due to the 
horizontal seismic movement, 
representing them with 
accelerations applied to the 
masses of the building in two 
directions. [. . .]”
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Istruzioni ed esempi di calcolo 
delle costruzioni stabili alle 
azioni sismiche

Giornale del Genio Civile, anno 
LI, 1913 

(Ceradini, Canevazzi, Pinetti, 
Reycend, Salemi Pace, 
Camerana) 
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1. The theory that the effects of the dynamic actions on building elements can 
be compared to those produced by forces proportional to the masses both in 
the horizontal direction and in the vertical;

2. The opportunity, for the calculation of these forces, to refer to the 
proportions of the buildings that have proven to satisfactorily bear seismic 
shocks with considerable destructive power;

3. The suitability, imposed by considerations of an economic nature, of allowing, 
for horizontal seismic forces, a greater tolerance with respect to the limits 
normally adopted as safety levels, in light of the exceptional nature of the 
actions and of the advantages of avoiding excessive stiffness;

4. The preferred way to put this tolerance into action by undervaluing the 
horizontal seismic forces, reducing them to around 1/3 of their value;

5. The confidence that the margin provided by these safely estimated loads 
offers [. . .] a sufficient guarantee of safety to people if not of absolute 
integrity to buildings.
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The legacy of the 1940 
El Centro earthquake

Measuring acceleration 
and response spectra
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Richter (1935)

it is desirable to have a scale for rating shocks in terms of their original 
energy, independently of the effects which may be produced at any particular 
point of observation. 

he noted that the ratio of the maximum amplitudes of two given shocks, as 
registered by similar instruments at equal epicentral distances, is 
approximately constant, and assumed this as a rule. That is: if shock A is 
registered with maximum amplitude 5 millimeters at 75 kilometers and 2 
millimeters at 200 km, while shock B registers with maximum amplitude 15 
millimeters at 75 kilometers, then shock B should register 6 millimeters at 200 
kilometers.
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Richter (1935)

Harold Jeffreys (1924, Richter refers to the 1928 ed.) had estimated a released energy of the 
order of 1021 ergs (= 1014 J) from the Montana shock of 1925. Comparison of this shock with the 
Nevada and Utah earthquakes suggests a magnitude somewhat in excess of 7. If this magnitude be 
taken as 7.5, then the smallest shocks recorded (magnitude 0.0) have energy of only 106 ergs.

Following Richter recommendations and thus assuming a relation between released energy (E) and 
magnitude (M) of the kind of Eq. (2-1), it appears that Richter was assuming a = 2 (The difference in 
the extreme observed magnitudes is thus 7.5 – 0. The logarithm of the ratio of the energies 
involved should be double this, or 15. That is, we are recording shocks with an extreme range in 
energy of at least 1015 to 1) and b = 6.

𝑙𝑜𝑔10𝐸 = 𝑎𝑀+ 𝑏 (2-1)

Richter was aware of the arbitrariness of his scale. An absolute scale, in which the number referred 
directly to shock energy or intensity measured in physical units would be preferable. At present the 
data for correlating the arbitrary scale with an absolute scale are so inadequate that it appears 
better to preserve the arbitrary scale for its practical convenience. Since the scale is logarithmic, 
any future reduction to an absolute scale can be accomplished by adding a constant to the scale 
numbers.
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One of  the accelerograms recorded during

the El Centro earthquake, 1940 

0.319 g
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A tripartite elastic 
response spectrum 
(Newmark and Hall, 
1982).
Ground motion in red 
(dg=45 cm, vg=61 cm/s, 
ag=0.5 g), 
response at the mass of a 
sdof linear system in 
green (dM=90 cm, vM=140 
cm/s, aM=1.35 g)

http://7aese.eucentre.it/
http://7aese.eucentre.it/


G.M. Calvi31

Performance
(1)

Force demand

vs. 

Strength capacity
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1971

San Fernando
California
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Olive View Hospital: a relative displacement with an interstory drift

of  0.81 m measured at the corner columns.

Damaged spirally-wrapped

concrete pillars and shear cracks

at Olive View Hospital

Collapsed

highway overpass, 

INTERSTATE 5 

and 14 

San Fernando 

Earthquake

1971 (Photo 

USGS)
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Similar elastic 
displacement (Dy)

Different ultimate 
displacement (Du)

Different ductility 
(m=Du/Dy)

Different probability 
of collapse
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Performance
(2)

Ductility demand
vs. 

Ductility capacity
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Aerial view of  collapsed 

sections and side view of  

support-column failure 

and collapsed upper deck 

of  the Cypress Viaduct 

of  Interstate 880 (Photo 

H.G. Wilshire, USGS)

Loma Prieta

earthquake, 1989
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Kobe earthquake, 1995

Collapse of  the Hanshin 

Express Way
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The report to the Governor of 
California (George Deukmejian)
on the Loma Prieta earthquake, 
prepared by the Commission 
coordinated by George Housner

Competing against time
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Matrix earthquake – performance – exposure
California Office of Emergency Services, Vision 2000: Performance Based Seismic
Engineering of Buildings, Structural Engineers Association of California (SEAOC) 1995
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Performance
(3)

Parameters to check?

Which demand?

Vs. 

Which capacity?
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Performance

Usability of building

Time of disruption

Cost of repair
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Displacement

At different performance levels
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Operational

displacement

(original sketch by 

Ron Hamburger)

dop doc dr dc

Rc

Rop

Rr
Roc

Repairable 

structure 

displacement

Continued 

Occupancy

displacement

Life safe 

displacement
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It is rare for a book on structural engineering 
design to be revolutionary. I believe that this is 
such a book. If you are involved in any way with 
seismic resistant structural design, this should 
be on your bookshelf, and you should read at 
least the first three chapters. […]
This book is not the easiest read, but the 
authors have done an outstanding job of 
covering the topic. 
Given the limitations of force-based design, and 
given recent improvements in nonlinear analysis 
capabilities, it is inevitable that designers will 
move towards a displacement-based approach. 
I expect this book to have a major impact on 
design practice.

G.H. Powell, Professor Emeritus, University of California, 
Berkeley
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TG5 20 May 2008, 8.00 pm
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Sichuan 2008

10 km 350 km

Mw = 7.9
70.000 morti
11 milioni senzatetto

Mw = 6.3
300 morti
70.000 senzatetto

L’Aquila 2009
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Plinius, Naturalis Historia, Liber XXXVI, xxi, 95 

Graece magnificentiae vera admiratio exstat templum Ephesiae Dianae CXX 
annis factum a tota Asia. 
In solo id palustri fecere, ne terrae motus sentiret aut hiatus timeret rursus
ne in lubrico atque instabili fundamenta tantae molis locarentur, calcatis ea 
substravere carbonibus, dein velleribus lanae
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In Italia – 1956-1964:

L’epopea dell“Autostrada del 
Sole”: 853 ponti, 572 sovrappassi

US – the “Greatest Decade”:

1956 President Eisenhower signs the Federal-Aid 
Highway Act

1961 President Kennedy maintains the project and $ 0.01 
gas tax per gallon

1966 29,000 km; $ 25 billion; 60,000 bridges
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1960s
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Tacoma Narrows Bridge, 
collapsed 1940
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Collapse of the Morandi bridge:
Detour 20 km?
(70,000 vehicles)
Or 120 km?
(12,000 trucks) 

Indirect cost, 
per day ≈ 2,000,000 €
i.e.: 3 months ≈ reconstruction
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Bridge over the Po River on the A7
Detour 22 km
⁓ 100,000 vehicles/day
⁓ 1,000,000 €/day
Cost of reconstruction (CR) ≈ 50 M€
EAL/day ≈ 2%

Cost of intervention ≈ 3 M€ = 6% CR
10 % damage: from 50 to 200 y
100 % damage: from 500 to 2,000 y

EAL from 6.16 % (direct 0,83)
to 2,71 % (direct 0,48)
(1 year repay time)
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Looking forward to welcoming you in Milano in 2024

www.wcee2024.it
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