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Despite a century of earthquake engineering, the last decade has been the worst ever in terms of the number of people
killed by earthquakes - more than 650,000, with an order of magnitude more injured, and economic losses requiring
reconstruction approaching half a trillion USS. Advances in earthquake resistance to structures have been accompanied by
remarkable advances in our physical understanding of earthquakes, and our ability to identify regions where earthquake
hazards are high. Given these advances in science, clearly something is missing in our attempts to reduce losses from
earthquakes. Where is the disconnect between scientific knowledge and its application? | examine our current approaches
to earthquakes as a global phenomenon in an attempt to identify areas where the best efforts of science and technology
have failed. The three primary ingredients of our failure can be attributed to corruption, ignorance and poverty.
Corruption is endemic to the human psyche, and is globally linked to poverty. In some countries it is worse than it should
be, and it can be shown that more than 80% of deaths from earthquakes in the past 30 years have occurred in these
countries. Ignorance is again linked to poverty, and an absence of access to education about earthquakes and
constructional methods is responsible for many deaths from earthquakes that could be avoided. Finally, and perhaps most
obviously, the world's poor do not have access to earthquake resistant buildings. This is not so much caused by the cost of
safe building materials, but more often through their need to live in buildings constructed by corrupt or ignorant
landlords. The most inexpensive remedy for all three of these ailments in society is education - in construction methods,
and in simple explanations of the hazards and the history of earthquakes in their countries. Finally, it is clear that our
current approach to seismic risk is such that it is aimed at risks that are either insured or central to the administration of
our societies (Civic structures etc.). Most of the world’s future deaths from earthquakes will thus continue to occur
following the collapse of low income residential housing, constructed by contractors and residents ignorant of sound
construction practices, and not protected by the application of national or international building codes.
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Gutenberg/Richter energy released by earthquakes
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OBSERVATION #1

80 Mt/year for 7 billion people is equivalent to
=11 kg of TNT per person per year
Assuming that a stick of dynamite =1 |b

Earthquake energy release is equivalent to 2 sticks
of dynamite per person per month

FROM Mw>8.5
FROM ALL OTHER EARTHQUAKES
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Haiti deathtoll 85k not 300k

from government reports and news media
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OBSERVATION #2

Average cost earthquakes 1999-2011
= S35 billion/yr

~ S5/person per year |
i.e. earthquakes are surprisingly § 2+
affordable. X

However cost is mostly born by the industrial world
($50/person/year) 7



Obervation #3
LIFE IS WORTH HOW-MUCH?

From religion Seo (Life is priceless etc)
9/11 WTC $1.6 million/life
IPCC $6.1 million/life
Jack London “Life? Bah! It has no value.
Of cheap things it is the cheapest”
The Sea-Wolf 1904

from cost/death regression _
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Earthquake arithmetic

Energy per person 11+0.1kg TNT
Cost per person S7+S1

Value of human life Seotx Seo

Your chances of dying in an earthquake
are 1in a million.
Much higher in some countries



30 minutes: an appalling measure of
failure by the seismic community

Deathtolls can be estimated in 30 minutes (WAPPMER/USGS)
Yet real deathtoll unknown for 5 days

calculate number of deaths

earthquake , > ' i
20 minutes Jocatiah 2 RS injuries by settlement name
magnitude/ \

depth pager alert to

attantialian disaster agencies,

—+ local governments etc
building prelim: 30 minutes
fragll\lty update: 2, 5, 10 hours
population

density 55




First 2 hours 20% of deaths: asphyxia
from dust inhalation or chest
compression, hypovolemic shock, or
hypothermia.

Days 1-3 80% of deaths

Delayed death occurs within days due to
dehydration, hypothermia, hyperthermia,
crush syndrome, wound infections, or
postoperative sepsis.



2 months 82

’ r - ‘ & i~ ’._:- = ’_‘-fr'/."’"

P o £2F el £
,’,*‘:".:,1."";1.,-"1"‘
- SO

>

'. L3 LA r‘l
4’;4 ..tf o r{,":“,_.,— e

™ - r

" v Ll et - L | i o -
gl s i £ A

TR T i b T p [ ' _.'(" -~ e




A century of earthquake resistant construction
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the problem:
too many people in
badly constructed
buildings
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cumulative fatalities from earthquakes (millions)

1000
year (500BC to 2009 AD)

City size exploded after 1800
When cities became no longer
a place to die.
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1000 years of earthquake deaths
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the future



Historical deathcasts too conservative.......

N w BiN @)
| FEENAREETE SNERE RN FRRNERNETE

pliaig

population (billions)
cumulative fatalities (millions)

"y
il

—

1985<50k/yr predicted
2011 60k/yr actual

1500-1994

1985 9k/yr predicted
12k/yr 2011 actual

_ex 1985 5k/yr predicted

0-

________ - 7k/yr 2011 actual

1500 1600 1700 1800 1900 2000 31



cumulative number of earthquakes
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Naming names
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Corruption



global construction Industry $7,500 billion/year
Corruption responsible for numerous deaths

( Transparency International 2005).

 corrupt award of contracts (bribery & political pressure).
e corrupt issuance of approvals and permits.

* corrupt inspection processes

* shoddy work irreversibly concealed by concrete, plaster....

*COVER UP is a construction industry term!!
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mean corruption index, CPI (1995-2008)
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90% of all deaths from earthquakes
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mean corruption index, CPI (1995-2008)
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future earthquakes will target civilization's weaknesses

1 billion
ignorance poverty corruption 1-3 family
 dwellings

The fix.......

for ignorance = education
for poverty = education
for corruption = education



Earthquake risk
assessments are
not for everyone



Mitigation:

how
society
views
future
earth-
quakes

Paleoseismology

historical
earthquakes

Seismology

micro-
zonation

vulnera subsurface
-bility _structure

~.7

Seismic | statistics | Seismic

| Hazards | GEMetc | Risk

GPS & InSAR

plate motions

l, Calculations

vulnerability

Earthquake
Engineering
skyscapers Schools Bridges
city halls hospitals Pipelines
apartment blocks fire-stations Dams

Observations

Investments
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‘ Paleoseismology

sit specific studies
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Disaster: . -
invulnerable: civic structures
how future
I ble:

earthquakes * 1 billion 1-3 family dwelli
view society illion 1-3 family dwellings

ie deaths from earthquakes (=50,000/year) will continue to rise 46




Let's be optimistic
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population, thousand million
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1000 million new —
dwelling units,
mostly in the

developing world

An educated world will

be a more resilient world
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