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Where Do Earthquakes Occur?
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Most earthquakes concentrated at
Mid-ocean ridges; Circum-Pacific belt; Mediterranean-Himalayan belt




What is an Earthquake?

The vibration of the earth produced by rapid
release of energy
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Elastic Rebound Theory:

Fault i
-- apply stress S

() Original position



-- build up of st

b) Deformation
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-- when forces exceed the elastic limit = rupture
-- release the stored energy/strain
-- sent out waves of energy through the earth

(c) Rupture and release of energy
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San Andreas Fault Point Reyes National
after 1906 earthquake Seashore



Seismic Waves

-- Waves of energy produced by an earthquakes

-- point of initiation: **focus™
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Fault trace
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Types of seismic waves

(1) Body waves: travel through the earth's interior

P (primary) waves: direction of wave propagation
parallel to the direction of particle motion

S (secondary) waves: direction of wave propagation
perpendicular to the direction of particle motion
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http://www.youtube.com/watch?v=gl4FvHKzAlU

(2) Surface waves: travel on the earth's surface,
rolling motion

— Surface wave travel direction
Ground surface

© 2006 Brooks/Cole - Thomson

Which type of earthquake waves cause the most
damage during an earthquake?

-- Surface waves



Measurement of Ground Vibrations

15t prototype instrument by Chang Heng
In 132 A.D.




Cable North

Suspended
mass

Marker

1St modern Seismograph: ~ 1890 -

Rotating drum

Basic principle: inertia. o
Resistance of a large mass ho bkt
to sudden movement ’
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Animation: How Seismographs Work
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http://media.pearsoncmg.com/bc/bc_0media_geo/interactiveanimations/079_Seismograph_HS_GG_Stu.html?te10

Surface wave
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© 2012 Pearson Education, Inc.

© 2006 BrookssCoie - 1homson

Record of earthquakes: Seismogram



How could you distinguish
seismic wave from naturally
occurring waves, e.g., sea
wave”?



Order of arrivals: P - S - Surface waves
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A Seismograph
station

Surface waves

A Station near focus

Seismograph
station

B Station far from focus
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Locating an Earthquake

: Use travel time difference between P & S waves
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Animation: Creating Travel Time Curve

Where do the travel time curves come from?

Simple model using direct P and S waves
through the mantle & crust only
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http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/12/IRIStravelTime_NoBounce_480.mov

The Sizes of Earthquakes

(A) Magnitude: : based on the size of ground motion
measured by seismograph

Richter Scale: based on amplitude

of ground vibration

Log scale:1 unit increase in magnitude

= a 10-fold increase in amplitude of the
ground motion

- Magnitude 6

Magnitude 5
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Richter scale is open-ended
(theoretically no maximum value)

However, in practice M ~ 9 is maximum.

Why?

Rocks have finite strength, tend to
break after a certain amount of energy
is stored in the rocks



Moment Magnitude: based on energy release (reflects in both
amplitude and duration of ground motion)

Difference in Difference in Amplitude Difference in Energy
Magnitude

0.5 ~ 3 times (i.e.,10%%)  ~5.5times (i.e., 320°)

1 10 times (i.e.,10%) ~ 32 times (i.e., 321)

2 100 times (i.e.,10°) ~ 1000 times (i.e., 32?)
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(B) Intensity- “Modified Mercalli Scale”

. A measure of earthquake damage at a

given location; range from | to XI|I

Intensity depends on:

-- size of EQ

-- strength of structures
-- proximity to the epicenter

-- local geology
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Intensity map, 1971 California earthquake (Mw = 6.7)


http://earthquakescanada.nrcan.gc.ca/info-gen/scales-echelles/mercalli-eng.php

(B) Intensity- “Modified Mercalli Scale”
. A measure of earthquake damage at a given location from | to XI|I

Intensity  Shaking Description/Damage

| Not felt Not felt except by a very few under especially favorable conditions.
Il Weak Felto nly by a few persons at rest,especially on upper floors of buildings.
1] Weak Felt quite noticeably by persons indoors, especially on upper floors of buildings. Many people do not

recognize it as an earthquake. Standing motor cars may rock slightly. Vibrations similar to the passing of a
truck. Duration estimated.

v Light Felt indoors by many, outdoors by few during the day. At night, some awakened. Dishes, windows, doors
disturbed; walls make cracking sound. Sensation like heavy truck striking building. Standing motor cars
rocked noticeably.

Vv Moderate Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable objects overturned.
Pendulum clocks may stop.
Vi Strong Felt by all, many frightened. Some heavy furniture moved; a few instances of fallen plaster. Damage slight.
Vil Very Damage negligible in buildings of good design and construction; slight to moderate in well-built ordinary
strong structures; considerable damage in poorly built or badly designed structures; some chimneys broken.

Severe Damage slight in specially designed structures; considerable damage in ordinary substantial buildings with
partial collapse. Damage great in poorly built structures. Fall of chimneys, factory stacks, columns,
monuments, walls. Heavy furniture overturned.

Violent Damage considerable in specially designed structures; well-designed frame structures thrown out of plumb.
Damage great in substantial buildings, with partial collapse. Buildings shifted off foundations.

Extreme Some well-built wooden structures destroyed; most masonry and frame structures destroyed with
foundations. Rails bent.



http://earthquakescanada.nrcan.gc.ca/info-gen/scales-echelles/mercalli-eng.php
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Building
may survive
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Instrumental Intensity (ShakeMap)
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1994 Northridge, CA, Mw = 6.7 2001 Nisqually, WA, Mw = 6.7

PNSN Rapid Instrumental Intensity Map Epicenter: 17.0 km NE of Olympia, WA
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Energy release
Magnitude {equivalent pounds of explosive)
E Earthquakes ] Energy equivalents ;
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Earthquakes Located by the NEIC

Magnitude 5 and Greater
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Earthquakes and Plate Tectonics
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(A) Divergent Boundaries
-- Mid-ocean ridge -- Continental rift

Shallow earthquakes
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(B) Transform Boundaries
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Subduction zones

(Wadati-Benioff zone)

Shallow to deep
earthquakes

Earthquake Depth (km) Magnitude Distance Scale




Collision zones Shallow to intermediate
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Table 4-2 The Largest World Earthquakes Since 1900

Earthquake Date Magnitude Cause

Chile May 22, 1960 9.5 Subduction zone
Anchorage, Alaska Mar. 28, 1964 9.2 Subduction zone
Andreanof Is., Alaska Mar. 9, 1957 9.1 Subduction zone
Northern Sumatra Dec. 26, 2004 9.0 Subduction zone
Kamchatka Nov. 4, 1952 9.0 Subduction zone

© 2006 Brooks/Cole - Thomson

All at subduction zones!
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Largest EQ ever recorded: 1960 — Chile (M = 9.5)
Caused by subduction of Nazca Plate beneath South American Plate.
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http://www.youtube.com/watch?v=DFLLtVPzwGA

“Recalling 1960 Chile Quake”



http://www.youtube.com/watch?v=DFLLtVPzwGA

Deadliest subdcution zone earthquake ever reported
Sumatra, 12/26/2004, Mw = 9.1
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Asian Tsunami - CBS News — 20041227




Most costly natural disaster
Tohoku, Japan, 3/11/2011 M= 9.0
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Subduction of Pacific Plate beneath North American Plate.



DEPTH, IN MILES

Long-Range Earthquake Prediction

Seismic gap -- seismically active area which has not
experienced major EQ for a long time
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Long-Range Earthquake Warning

UCERF: Map of California Area Earthquake Probabilities

CALIFORNIA AREA
EARTHQUAKE PROBABILITIES

Magnitude  30-Year Probability *

6.7 >99%
7.0 94%
7.5 46%
8.0 4%

* Probabilities do not include the

— SanFrancisco Cascadia Subduction Zone.

30-Year
Earthquake
Probability

100%
10%
"1%
~0.1%
0.01%
0.001%

\

" .’:_" o
Sap Diego~

Y/ “« Ble Wl v
C/ B - i
§ ./EC TR

1 NF + LSGS corear



Short Range Earthquake Warning

“P-Wave Warning System”, or “Shake-Alert”

Earthquake Early Warning Basics

In an earthquake, a rupturing 2 sensors detect the P-wave and 3 A message from the alert center is
fault sends out different types immediately transmit data to an immediately transmitted to your
of waves. The fast-moving earthquake alert center where the computer or mobile phone, which
P-wave is first to arrive, but location and size of the quake are calculates the expected intensity
damage is caused by the slower determined and updated as more and arrival time of shaking at your
S-waves and later-arriving data become available. location.

surface waves.
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Fault -
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Ay Earthquake about 6-12 miles apart
alert center
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https://www.youtube.com/watch?v=JOhE0DmeyNM

EARLY WARNINGS
b



https://www.youtube.com/watch?v=JOhE0DmeyNM

Animation: Liquefaction, 1906 SF Earthquake

1) Loose granular sediment
2) Water saturated sediment
3) Strong shaking



http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/20/Liquefaction_SF1906.mov

Animation: How will 3 buildings, engineered equally, on
different bedrock react to an earthquake?

How will 3 buildings, engineered equally, on
different bedrock react to an earthquake?

- T

/~ Building motion
will be exaggerated
to emphasize
wave arrivals

Two variables affect damage during earthquake:

1) Intensity of shaking (felt motion, not magnitude)
2) engineering


http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/20/Amplification_and_Liquefaction.mov

