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Know the input - Bound the output...

the road to (earthquake) safety...



Michoacan 1985 event: way to DF...



Tenochtitlan and Mexico City (DF)

La ciudad de Tenochtitlan y su entorno en el 
siglo XVI Pintura de Miguel Covarrubias, Museo 
Nacional de Antropología, México DF

The actual boundaries of the World Heritage 
Property follows the boundaries of the Historical 
Monuments Zones, according to the limits of the 
city in the 19th century (perimeter A), and a buffer 
zone (perimeter B)

Chapultepec. This dike was 12 km long and 20 m thick. He also built Chapultepec
Aqueduct to provide fresh water to the city (Serra Puche, in Kumate and Mazari 1990).

After the Spanish conquest, in 1521, the Aztec city was razed and the colonial capital
was founded in the same location. Mexica constructions were used as sources of building
materials. Floods and epidemics suggested a need to drain the lakes and this long effort
began near 1524. In 1607 Enrico Martinez designed a channel and tunnel at Nochistongo to
deviate the course of Cuauhtitlan River to the north. Because of continuing disastrous
floods, in 1629 King Charles IV ordered to move the capital elsewhere, but the settlers

Fig. 3 The Mexico Basin Lakes as the Spanish found them in 1392 (D. D. F. 1975). These days, there is
only a small lake near Xochimilco, which is a natural reserve
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Michoacan 1985 event: GM in DF
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Response spectra

Response Spectrum

Modelling of spectral amplification
Response spectra can be computed using synthetic seismograms as input motion.

To estimate the spectral amplification due to a change in the model, computations of the
synthetic seismogram can be repeated changing any parameter of the model.

Example: two synthetic seismograms are generated modifying the properties of the structural
model. The ratio between their response spectra will show the relative amplifications due
to the change of the structure.

Usually, one synthetic seismogram is generated for a bedrock model, and kept as a reference.
The second synthetic seismogram is computed considering a structural model representative
of the site conditions, possibly taking into account lateral heterogeneities.
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Probabilistic Seismic Hazard Analysis (PSHA)

A Primer

Written by Edward (Ned) H. Field

These notes (available at http://www.relm.org/tutorial_materials) represent a
somewhat non-standard treatment of PSHA; they are aimed at giving an intuitive
understanding while glossing over potentially confusing details.  Comments and
suggestion are highly encouraged s (to field@usgs.gov).

The goal of probabilistic seismic hazard analysis (PSHA) is to quantify the rate (or
probability) of exceeding various ground-motion levels at a site (or a map of sites) given all
possible earthquakes.  The numerical/analytical approach to PSHA was first formalized by
Cornell (1968). The most comprehensive treatment to date is the SSHAC (1997) report, which
covers many important procedural issues that will not be discussed here (such as the use of
“expert opinion”, the meaning of “consensus”, and how to document results).  Except where
otherwise noted, the SSHAC report represents the best source of additional information (that I
know of).  It’s a must-read for anyone conducting PSHA.

Traditionally, peak acceleration (PGA) has been used to quantify ground motion in
PSHA (it’s used to define lateral forces and shear stresses in the equivalent-static-force
procedures of some building codes, and in liquefaction analyses).  Today the preferred parameter
is Response Spectral Acceleration (SA), which gives the maximum acceleration experienced by
a damped, single-degree-of-freedom oscillator (a crude representation of building response).
The oscillator period is chosen in accordance with the natural period of the structure (roughly
number_of_stories/10), and damping values are typically set at 5% of critical (see Figure 1).

M MM

~~
Building Response Mass on a 

Leaf Spring W/ ~5% Damping

The Free
Oscillation+

Figure 1.  The response-spectrum value is the peak motion 
(displacement, velocity, or acceleration) of a damped single-degree of 
freedom harmonic oscillator (with a particular damping and resonant 
period) subjected to a prescribed ground motion.

(        )

To keep things simple, PGA will be used as the ground-motion parameter here (the analysis is
otherwise equivalent).

PSHA involves three steps: 1) specification of the seismic-hazard source model(s); 2)
specification of the ground motion model(s) (attenuation relationship(s));  and 3) the
probabilistic calculation.



Michoacan 1985 event: damage in DF

Wreckage of a twenty-one-story building in 
Conjunto Pino Suarez Complex

Totally destroyed office building in the foreground, 
while the 44-floor Torre Latinoamericana office 
building, in the background on the right, stands



Know the input - Bound the output...

Mitigate the difference...

the road to (earthquake) safety...

Earthquake fatalities versus repair costs in 2005 US$
 Bilham, 2009. The seismic future of cities, Bull Earthquake Eng.

Roughly updated with help of Bilham, 2010 (Personal communication)
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Fig. 24 Earthquake fatalities versus repair costs in 2005 US$ (data from Vranes and Pielke 2009). The
high pseudo-death-toll for the 1906 San Francisco earthquake plotted here is extrapolated for present-day
population and vulnerability. The Scenario 2008 event is based on estimated $ losses from a hypothetical
M7.8 earthquake near Los Angeles (http://pubs.usgs.gov/of/2008/1150/). Tsunami-related deaths from the
Indonesia 2004 earthquake are omitted

of the world’s building stock has been replaced at least twice (assuming a 50 year life-span
to most buildings). In addition, a four to sixfold increase in building stock has occurred. This
constitutes a lost opportunity of massive proportions.

Underscoring this tragic lost opportunity, is the observation that we still live in a world
where deaths are expected to accompany large earthquakes near cities. Within 30 min of a
damaging earthquake we can quantify the number of fatalities and injuries anticipated in set-
tlements surrounding the epicentre, before news of actual deaths are known on the ground.
That this is possible admits that we have a problem in our cities that needs to be fixed. The
time to have undertaken this fix was in the era of construction that started in about 1950. We
have a further 30 years left in this global building boom, but it is unlikely that earthquake
resistance will occur where the structures are going up most rapidly. The focus of earth-
quake resistance efforts should clearly be in the places where fatalities have been historically
the worst—in the western Americas and in the Alpine/Himalayan/Indonesian collision belt.
Given the present recession of world economies, the cost of the fix is likely to prevent the
expenditure of funds where it matters most, at a time when it matters most. This suggests that
urban populations will continue to be killed by earthquakes in the foreseeable future, and in
greater numbers than in the documented past.
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Losses from great natural disasters...

1. Growing losses: need for action

The loss data on great natural disasters since 1950 show a dramatic increase in
catastrophe losses over the last few decades. Actual loss figures and trend curves
are shown in figure 1. The reasons for this development are manifold and
encompass the increase in world population and exposed values, their
concentration in large conurbations, social and economic factors as the
development of highly exposed regions and the high vulnerability of modern
societies and technologies, and eventually changes in the natural environment,
e.g. global warming and the related effects on regional climate.

As the underlying factors for the observed loss trend remain unchanged, a
further increase in losses from natural disasters is inevitable. The development of
coastal areas for residential, commercial and industrial use is just one
phenomenon that exemplifies this trend, as demonstrated by the staggering
losses produced by the South Asian tsunami of 26 December 2004, and Hurricanes
Katrina and Wilma affecting the US Gulf Coast, Florida and Yucatán/Mexico in
2005. Hurricane Katrina also illustrated the potential worldwide implications of
natural disasters by the severe shortage in oil-producing and refining capacities
and the ensuing sharp price increases in the global oil market.

2. Risk management in the context of natural disasters

Coping with future loss burdens represents a formidable challenge to the
insurance industry and requires a holistic approach to risk management. Such an
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Figure 1. Losses from great natural disasters (far exceeding 100 deaths or US$ 100 m in losses),
1950–2005. Figures are adjusted for inflation.

A. Smolka2148

Phil. Trans. R. Soc. A (2006)

 on June 23, 2010rsta.royalsocietypublishing.orgDownloaded from 

Losses from great natural disasters 
(far exceeding 100 deaths or US$ 100 m in losses), 1950–2005

Smolka, 2006. 
Natural disasters and the challenge of extreme events: risk management from an insurance perspective, Phil. Trans. R. Soc.



Hazards classification

Origin - Anthropogenic (Technological, 
Sociological), Environmental, Natural

Natural - "extreme events that originate in 
the biosphere, hydrosphere, lithosphere or 
atmosphere"

Energy Source - e.g. Biological, Chemical, 
Mechanical, Psychosocial, Physical

Effects - Health, Safety, Economic, Environmental

https://en.wikipedia.org/wiki/Hazard



Disaster
“a serious disruption, occurring over a relatively short time, of the 
functioning of a community or a society involving widespread human, 
material, economic, societal or environmental loss and impacts, which 
exceeds the ability of the affected community or society to cope using its 
own resources”

“A disaster hazard is an extreme geophysical event that is capable of 
causing a disaster. 'Extreme' in this case means a substantial variation in 
either the positive or the negative direction from the normal trend”

“The fundamental determinants of hazard and the risk of such hazards 
occurring is timing, location, magnitude and frequency”

UNDRO: “an event, concentrated in time and space, in which a community 
undergoes severe danger and incurs such losses to its members and 
physical appurtenances that the social structure is disrupted and the 
fulfillment of all or some of the essential functions of the society is 
prevented”

Nordquist, Richard. "The Etymology of Words and Their Surprising Histories.” ThoughtCo, Aug. 27, 2020, 
thoughtco.com/etymology-word-stories-1692654



Some basic definitions

Seismic Hazard:  describes the potential 
for dangerous, earthquake related 
phenomena, such as ground shaking, fault 
rupture or soil liquefaction. 

Seismic Risk: probability of occurrence of 
these consequences. 

Reiter,  1990



Some basic definitions

Seismic Hazard:  any physical phenomenon 
(e.g. shaking) associated with an 
earthquake that may cause an adverse 
effect on human activity. 

Seismic Risk: a probability that social or 
economic consequences will exceed a 
specified value. 

Anderson,  2006



Some basic definitions

Seismic Hazard: a physical effect associated 
with an earthquake, such as ground shaking, 
that MAY produce adverse effects. 

Seismic Risk: the probability that 
consequences of an earthquake, such as 
structural damage, will equal or exceed 
specified values in a specified period of 
time.

Ventura,  2006



Risk, Hazard & Vulnerability

Risk Hazard Vulnerability*=

Nature decided, and can be 
assessed

Man decided, and can be reduced

set of i-events with 
possible adverse 
consequences 

associated 
intolerable 

consequences

associated probabilities of 
their occurrence

R=⟨Ni, Pi,Ci⟩


