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How big is the earthquake
problem?
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Earthquakes with > 10,000 fatalities:
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1906 San Francisco
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H.F. Reid’s theory




H.F. Reid’s theory

H.F. Reid’s theory

Sumatra 2004 Earthquake

Seismogram

iddlctown Office
nogram start time:
12/26/2004; 01:07:57
Coordinated Universal Time

Standa Dec
25, 2004: 16 minutes after
Sumatra earthquake.

12/25/04; 8:07:57 p.
Eastern Standard Time

Surface waves

“S” waves
arrive,

“P” waves
reach of} in
Middletown, Pa.




Global seismicity 1977-1992
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Urban seismic “hot spots”
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Main Effects of Earthquakes




Environmental Effects

Ground shaking
Liquefaction
Landslides

Ground rupturing
Aftershocks
Flooding

Ground deformation
Tsunamis
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Soil types in
San Francisco
bay area
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1. Ground Shaking

&

Cypress Structure, Loma Prieta, 1989
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2. Liquefaction
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2. Liquefaction

3. Landslides

1959
Hebgen
Lake,
Montana
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4. Ground rupturing
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5. Aftershocks

Foresock with subsequent

Foreshock: €
no subsequent mainshock and aftershock
mainshock sequence
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6. Flooding

Puerto Montt,
Chile, 1960




7. Ground Deformation
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8. Tsunamis
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8. Tsunamis

Section at 10.5°N Port Blair 7mm/yr
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8. Tsunamis

8. Tsunamis

8. Tsunamis

You cannot run away
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Damage to Humans

Damage to critical structures
Buildings collapsing

Flying objects

Fire

Destruction of communications
Destruction of industry
Destruction in tsunamis
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1. Damage to critical structures

Near-failure of a dam, 1971 California
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1. Damage to critical structures

Fukushima Daiichi nuclear disaster

Fukushima
Daiichi
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2. Buildings collapsing

3. Flying objects

4. Fire
Kobe, Japan, 1995, M=6.9

13



% 5. Destruction of
communications

6. Destruction of industry

Kobe container
port, 1995

7. Destruction in tsunamis
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Who can contribute to hazard
mitigation?

1. Seismologists
2. Engineers
3. Government

4. Citizens
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Assessing risk

Shaking (%g)
Pga (Peak Ground
Acceleration)
Firm Rock
<10%

10 - 20%
20 - 30%
M 30 - 40%
M 40 - 50%
M 50 - 60%
[ 60-70%
70 - 80%
> 80%
The unit "g" is
acceleration of
gravity.

Tsunami warning systems

PACIFIC TSUNAMIIWARNING CENTER OPERATIONS AREA
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Pago Pago
Penrhyn

[Tonga 14.0cm/0 46Ft
Rarotonga 0.47m/1.5Ft

Nawiliwili, HT

21.7cm/0.71Ft

Honolulu. HI

16.3cm/0.54Ft

Kawaihae. HI

24.3cm/0.79Ft

Kahului. HI

36.5cmv/1.19Ft

|Arena Cove. CA

16.2¢ Ft

42emy/1.38Ft

ICresent City, CA

23 3cm/0.76Ft

15 8cm/0.52Ft

19.3cm/0.31Ft

29.8cm/0.98Ft

20.5cm/0.67Ft
33.6cm/0 45Ft

Easter Island 29.2cm/0.96Ft

Port Vila 18.2cm/0.60Ft

Shemya. AK 10.2cm/0.34Ft

La push. WA 14.0cm/0 46Ft

100 120 140 160 180 200 220 240 Port Ocford OR 117 Ocmi) SAEE

Building design

Trans American
pyramid, San
Francisco
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Bridge retrofitting
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The Alaska pipeline triumph
Denali earthquake, 2002
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