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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 Plinius, Naturalis Historia, Liber XXXVI, xxi, 95
G.M. Calvi O
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Leonardo

Per sistemare gl'impalcati
lasciano i muri trapassati
perfino nelle ossature da
ampi squarci

Sui terremoti

L'acqua, superata dal caldo nel ventre della terra, si vapora, e crescie sua
quantita, a similitudine della polvere infocata nella bombarda, e rompe la
terra nella piu debol parte, la quale escie a scosse, perché é riserrata dal
peso della terra, che s'aperse per dare al primo impeto esito; [...]

Sugli archi
L'arco non si rompera, se la corda de l'archi di fori non tochera l'arco di
dentro. Questo apare per isperienza, che ogni volta che la corda a o n

dell'arco di fori n r a tochera I'arco di dentro x b A, |'arco dara principio a
ssua deboleza, e ttanto si fara piu debole, quanto l'arco di dentro ronpera
d'essa corda

Sui collegamenti tra pareti e solai

Ogni trave vole passare i sua muri e esser ferma di la 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 ¢’ muri fermano i solari.

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

~ O i
G.M. Calvi I
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The seismic
resistant building
by Pirro Ligorio

Pirro Ligorio
Libro di diversi terremoti

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

I'edificio & descritto alle pagine
93 - 97 dell'edizione citata ai f.
58 - 61 dell'opera
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1678
Robert Hooke

La legge fondamentale
dell’elasticita nel testo
originale di Robert Hook

UT TENSIO,
SIC VIS

F=KXA

LECTURES

De Potentia Reflitutiva,
OR OF

SPRING

Explaining the Power of S pringing Bodies.

Toa which ate added fome

COLLECTIONS

%

A -Di‘,l?ﬂ'll‘ﬁ-ﬂ-l'! Ffo-PﬂPPiﬂS H’fi.lfﬂ'-Fdrm.l'uiu and Furcrﬁrm_p.

Mr JYoung's Gblerowtion comceruing satural Pontains,

Susme osber Confiderations concerming that Sabjel®,

Caprain Svarmy's ressarls of @ Subterraneswr Caze and Uifterm,
£ G T, Qbfervations meade o the Pike of Teneniff, 1874.

Some RefleFions and Coafelures accaflonsd thereupar,

A Relatzon of alete Ergptionin the [l of Palma.

By ROB ERT HOOKE. SR.S.

LONDON,

Printed for Jobn Martyn Princer to the Rayal Sociery,
avthe Bell in St Pawls Church-Yard, 1578,

To fill the vacancy of the enfuing page , | have here ad-
ded a decimate of the ceptefme of (he Inventions | intend to
publifh, chough poflibly not in the fame order, but as I can
get opportunity and leafure ; moft of which, I hope,
will be as ufeful to Mankind | as theyare yer unknown and
new.
1. A way of Repulsting all [irts of Watches or Time-
keepers, [o s o make any way to equalize | 1f mot exceed the
Pendulum-Clocks mew ufed. .

2. The true Mathematical and Mechanichal form of all
manner of Arches for Building, with the true butment nece[Jary
toeach of them. A Problem which no Architeiomick Wri-
ter hath ever yet attempted , wuch lefs performed. abcee
ddeceee fgg=rrrti MmNNNNNoo P L IO, -
" The true Theory of Elalticity or Springinefs, and 4p
ticnlar Explication thereof i feveral Subjedis in which it i 5
be found: And the way of computing the velocity of Badies
»e them, celrinossstrun, wh o/, f1c L

4. A very piav nrallical nay wipng Li-
quers, of preas wfe i» Hyvdraulicks.  Difcovered,

5o A new fort of Obje;’f-(;hjfu fer Telefcopes and Mi-
crofcopes, much outdsing amy yet ufed.  Dilcovered,

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:

was revealed in 1705, after his death, by the last will executors:
"Ut pendet continuum flexile, sic stabit contiguum rigidum inversum®

G.M. Calvi o “i
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1687

Isaac Newton, Philosophiae Naturalis
Principia Mathematica,

London,

"

Profeffore Lucaft ma, &

IMPR MAT\I ’

S. P E P:X 8, socvglm;
:7'&55\686 ¥

LONDINI -

Juffa Societatis Regie ac Typis Fofephi Streater.
plures Bibliopolas. Az MDCLXXX!

€9

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

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

2F =0

o i)
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ase

Mxa=Kxd

G.M. Calvi
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the age of Enlightment . ENCYCLOPEDIE.

DICTIONNAIRE RAISONNE
BDES SCIENCES, :

DES ARTS ET DES METIERS,

PAR UNE SOCIETE DE GENS DE LETTRES.

Mis en ordre & publié par M. DIDEROT, de I'Académie Royale des Sciences & des Belles-
Lettres de Pruffe ; & quant 4 la PARTIE MATHEMATIQUE, par M. D°ALEMRBERT,
de I'Académie Royale des Sciences de Paris, de celle de Pruffe, & de la Société Royale
de Londres.

Tantiim feries junfuraque pollet,
Tantium de medio fumptis accedic honoris ! HORAT.

TOME PREMIER.

A PARTIS,

SS O N, rue Saine Jacques , a la Science.

D Painé , rue Saine Jacques, a la Plume d'or.

RET O N, Imprimeur ordinaire du Roy, rue de la Harpe.
AN D, rue Saint Jacques, & Saint Landry, & au Griffon.

Leibniz Pope

M. DIC C. LL
AVEC APPROBATION ET PRIVILEGE DU ROY.

Tout est bien
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1755

The Lisbon
earthquake

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

Tremblement de terre de Lishonue (1775).

Jan Kozak Collection NISEE Berkeley

6.M. Cavi O
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DEDICADAS AL SEAOR.

D. DIEGO DE TORRES
VILLARROEL,

DEL GREMIO, Y CLAUSTRO DE LA UNIVER-
fidad de Silamanca, y fu Cathedratico de Prima de
Mathematicas Jubiiado por el Rey nuefs
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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

G.M. Calvi o
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1756 Voltaire

I jamais la queftion du Mal Phyfique a mérité Pat-
\J tention de tous les hommes, c'eft dans ces événe-
ments funcftes qui nous rappellent & la contemplation
de noétre faible nature, comme les peftes séncrales qui

ont enlevé le quart des hommes dans le Monde con-

nu, le tremblement de terre qui engloutit quatre-cent-
mille perfonnes 4 la Chine en 1699. celui de Lima &
de Callao, & en dernier lieu celui du Portug'd & du
Royaume de Fez. Laxiome, Tout ef bien, parait un
peu étrange & ceux qui font les témoins de ces défal:
tres. Tout eft arrangé, tout eflt ordonné, fans doute,
par la Providences mais il n’elt que trop fenfible, que

tout depuis longtems w'eft pas arrangé pour notre bxcn..
étre prefent. |

%?ﬂ%%7m‘

"
i e TR

P OE M_E S
| SUR LE
DESASTRE DE LISBONNE
ET SUR: .

LA LOI NATURELLE,

AVEC DES PREFACES
DES NOTES,- &

A GENEVE,

AVEGC APPROBATION,

,,ET PERMISSION,

G.M. Calvi O
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1756 Rousseau

LETTRE

M. JEAN F4 _Q_UES ROUSSEAU

A

M. de VOI; TAIRE.

Sans
quitter votre fujet de Lisbonne , corm-
venés par exemple, que la nature n’a-
voit point raflemblé la vingt mille mai-
fons de fix 2 fept étages, & que f1
les habitans de cette grande ville euf-
fent ét¢ difperfés plus également & plus
légérement logés, ~ le dégat eut été

beaucoup moindre , & peut étre nul.

G.M. Calvi o | Qﬂ:‘/_
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1906
San Francisco earthquake

1908
Messina earthquake

G M. Calvi o i
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_ Messina, 1908, The once beautifil Water-front after the
San Francisco, 1906, earthquake shacks earthquake. Digging for bodies (Underwood & Underwood)

6M. Cavi @ @
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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

(Tet\
G.M. Calvi 0 | €&
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The concept of continental drift: Abraham Ortelius
(1596), Alfred Wegener (1912), Tuzo Wilson (1965)

CONTINENTAL DRIFT OF PLATES

P
ap 0006

225 Million Years Ago

North

America
Europe

South Africa

Americ
e India

Australia

. Antarctica =
100 Million Years Ago

Laurasia

o,
/Id»ana

150 Million Years Ago

North Eu’op.
America

Alrica

South
America

-~ Antarctica__
Earth Today

Asia

Indin

Australia

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]

6M. cavi O @
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Reglo Denveto I8 nprliv TN, pontaante porne tecnicle
ed dgieniche obbligatoric pes lo viparasiond, rico-
strusioni ¢ nuore costrusion’ degli edifici pubblici
e prirali ned lvayhd colpitd dal tevremoto del 28

- dicembre 1908 ¢ da alteri precedents eloncati nel R.

. D 43 aprile 1900 ¢ ne designa @ Cornuni.

Publlicato nclla Gussetle Ufficiole del 22 ¢prile (909, n. 95)

VITTORIO EMANUELE I
par graxia di Dlo o per volonti dclla Nazione
RE DITALLA

Art, 24,

Nel ealeoll i stabilita o resisterza dello costruziant st debhono
oontldernro

. 1° lo azioal slaticha dovute al pe o proprio ed al soprnecarico,
-anmoutate dl una prreentunly cho rappredenti Pefletto delle vibra-
sionl sussultorivg : .

22 le nziout dinamiche dovuts al woto sismico ondulafosi. rag-
presentindole eon aceclerazioni applieate alle masse del il eieto
»m.ll‘? due ;l.r--m.\uul(lungln-z.z:\ ¢ Laghezza) ed agenti o cntrambi i
sonsi di ogul direzione,

—_— - e e e e et

Regio Decreto 18
aprile 1909, n. 193,
pubblicato sulla 6.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. [...]"

G.M. Calvi < . _IUSS_
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Istruzioni ed esempi di calcolo
delle costruzioni stabili alle azioni sismiche

Seconda Helazione
Zalla Commissione Istiteita con R D. dei 17 dicembre 1811 (3

Tav. XXIV e XXV

PARTE 1. — Notizie generali.

CRITER: DIRETIIVI FONDAMENTALL

Le istrazioni tecniche e gl asempi di caleolo allegati alle Narme per Ie
costrazioni sismiche approvale oo decreto reals 15 aprile 1909, sl inspirano a
MMdiptogmdimmﬁmedimnnonoeBaoggimwm,puu
,Mmmdmocomdﬂ!eomglimid suscestibili di appli-
cazione prasica.

Citiamo coms fondamentali 1 congecti segmenti

15 Vipotesi ohe U'efetto delle azioni dinamiche sui corpi di fabbrica

si possa raggusgliare sl cimentd che ‘ri. produrrebbero delle forzéproper- o

ite §&/in direzione orizzontsle, sia in

nx.‘-,vnr_ m;
20 la opportunitd di riferirsl per il caloolo di queste forze alle dimen-
sioni degli edifiei che hanno Gimostraso &3 sopportare in modo soddisiacente
 J& scosse sismiche di grande potere distruttivo ;
&bwm&mimpmdne@duuioddlordinemmuﬁco. di

£
OEIERORIAL, |
re di
s di sicure

Pinobwdﬁewuﬂmbamm:@mmwmﬂa
' ad Y eires del Joro walare

{") La Comaaimisce, recetitnita co= Uincarizs di riveders le Neocme tacziche o [Igieniche,
ooi B Decreto 18 agoile 1009, per = rignresions, riscsiraziens e poave sestrazione

di edifizt mel Somasl colpitl dal terrsmote. selln yoa prims relazions del 16 magsic 192
(¥, Gisesale dd Genio Cielle di guell'anne, pog. 499, eltrs & prop ) el e e
istegrazienl alle dette Norme. espresse lo convinzione (oxdize del glorne 15 maggio) dellm

e S

Zal Into scimtifics « eol tasdere 34 ssoeciere pac ogni regienc B xalore dellascelsazions massiza
« cha ¥ pas tigeerdire come s bile del potere distrettive di ana scosa slamica +,

3 Pace ¢ ing, Gemersma; lavue AU gasta
n" ‘l‘f R —

. 743 relaziene che qui pubbich:
. In Pastr T s, ‘Mtemmw.QWMMm.
mmcmmmmmwmmmmwampm

(N, & D)
22

=
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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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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,

. 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:;

. 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;

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

. 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 spectira
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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 10%! ergs (= 10'* 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
takenas 7.5, then the smallest shocks recorded (magnitude 0.0) have energy of only 10¢ 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 differencein
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 10 to 1) and b = 6.

log;oE =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. B
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One of the accelerograms recorded during
the El Centro earthquake, 1940
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VELOCITY, cm/sec
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A tripartite elastic
response spectrum
(Newmark and Hall,
1982).

Ground motion in red
(d;=45 cm, v,=61 cm/s,
a,=0.5 g),

response at the mass of a
sdof linear system in

green (
)
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Performance

(1)

Force demand
VS.
Strength capacity

o
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1971

San Fernando
California

Y -
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Olive View Hospital: a relative displacement with an interstory drift
of 0.81 m measured at the corner columns.

San Fernando
Earthquake
1971 (Photo
USGYS)

Collapsed
— highway overpass,
R INTERSTATE 5 §
S A and 14
Damaged spirally-wrapped
concrete pillars and shear cracks
at Olive View Hospital
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Displacement (in)

Similar elastic
displacement (D,)

Different ultimate
displacement (D,)

Different ductility
(1=D,/D,)

Different probability
of collapse
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Performance

(2)

Ductility demand
vs.
Ductility capacity
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1989
Loma Prieta

1994
Northridge

1995
Kobe



Loma Prieta
earthquake, 1989

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)
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Kobe earthquake, 1995

Collapse of the Hanshin
Express Way

- -
ima

I vy

38
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COMPETING AGAINST TIME

Competing against time

The report to the Governor of
California (6eorge Deukmejian)
on the Loma Prieta earthquake,

The Governor's Board of Inquiry

on the 1989 Loma Pricta Earthquake pr‘epar‘ed by ?he Commiss ion
George W. Housner, Chairman Coor\d i na*e d by Ge or g e H ousner
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Earthquake Performance Level

Fully Operational Life Safe Near
operational Collapse

Frequent
a a

Unacceptable
Perfarmance

Occasional

Rare

Very Rare

Earthquake Design Level

Matrix earthquake - performance - exposure

California Office of Emergency Services, Vision 2000: Performance Based Seismic
Engineering of Buildings, Structural Engineers Association of Califétnia (SEAOC) 1995
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Performance

(3)

Parameters to check?

Which demand?
VS.
Which capacity?

G6.M. Calvi o 1SS _


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

Performance

Usability of building
Time of disruption
Cost of repair
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Displacement

At different performance levels

° Enpny )
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Base
Shear
Demand

| Lateral Deformation | (original sketch by

. | , Ron Hamburger)
dOp dOC dC
Operational Continued Life safe
displacement = Occupancy displacement
displacement
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M.].N. PRIESTLEY
G.M. Carvi
M.]. KowaLsky

Displacement Based
Seismic Design of Structures

IUSS Press

Idilule Urivaritaio di S Supserion o Pavia

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.

G6.H. Powell, Professor Emeritus, University of California,
Berkeley
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L'Aquila 2009

M, = 6.3
10 km 300 morti
70.000 senzatetto

Slchuan 2008

M, =7.9
350 km 70.000 morti
11 milioni senzatetto
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PROVA
ISOLATORI SISMICI

TEMPERA
26-10-2009

quake Engineering 2011 -04-11 14:45:07

G.M. Calvi o “i

EUCENTRE ' IUSS _

FOR YOUR SAFETY.


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

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

Plinius, Naturalis Historia, Liber XXXVI, xxi, 95
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US - the "Greatest Decade":

1956 President Eisenhower signs the Federal - Aid
Highway Act

ot s 1961 President Kennedy maintains the project and $ 0.01
iHE ROAD gas tax per gallon

-z 1966 29,000 km; $ 25 billion; 60,000 bridges

TO"PROSEERITY |

In Italia - 1956-1964:

L'epopea dell"Autostrada del
Sole”: 853 ponti, 572 sovrappassi
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DOMENICA ve: CORRIERE

Anno 66 - N. 9 - L 60 1 marzo 1964
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Tacoma Narrows Bridge,
collapsed 1940
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Collapse of the Morandi bridge:

Istellazzo
jormida
Bosco
Detour 20 km?
ATg
etTour m: ?5

(70,000 vehicles)
Or 120 km? *
(12,000 trucks)

Indirect cost,
per' day 2,000,000 €
: 3 mon'rhs reconstruction

Genoa

Curo

Cantalup
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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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