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Source: National Geophysical Data Center

Niigata, Japan 1964
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2ZUSGS Turnagain Heights, Alaska, 1964 (upper left inset);
Santa Cruz Mtns, California , 1989
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1957 Aleutian Tsunami
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What is an earthquake?

An earthquake is the vibration of Earth
produced by the rapid release of
accumulated energy in elastically strained
rocks

Energy released radiates in all directions
from its source, the focus

Energy propagates in the form of seismic
waves

Sensitive instruments around the world
record the event

8/24/2014
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Causes of earthquakes

Earthquakes

Natural Sources Manmade Sources
* Tectonic Earthquakes | |» Controlled Sources
* Volcanic Earthquakes | | ( Explosives)

* Rock Faults

* Reservoir Induced
e Mining Induced

TS ST AT HIUTHT GIotl
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Figure | The African and South American coastlines appear to
fit together fike ad@cent pleces of a |igsaw puzzle. The pink areac
show locadons of distinctive rock types in South America and
Afria.
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= Fossil evidence tells us that Remains of Lysfosaums

g g Cynognathis, a Tnassic reptils, were found in Africa,

= fved in Brazil an-:.‘ Ah'lca ﬁma.rcn— a, and india

— //’_ >
f/-\_? L.,r\_m
EuraBla.
/ |
f—"'__‘

Tethys 4

Sea

L Wegener nated that P == )

T Mesosaurus were found in F':'EH"E‘ES- E'lﬂssl‘l:'F"EﬂS
Argentina and Africa bt I‘lfr: LTW in all the { ]
nowhers alss in the world EOUINam land masses = VS

Figure I Geographic distributions of plane and anmal fossile mdicate that a single suparcontdnent,
called Pangea. existed abour 200 million years ago.
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iPlate Tectonics

= Convection currents- in the viscous M antle, because of
prevailing high temperature and pressure gradients
between the Crust and the Coreresult in a circulation of
the earth’s mass.

= hot molten lava comes out and the cold rock mass goes
into the Earth.

= Many such local circulations are taking place at
different regions under neath the Earth’s surface,
leading to different portions of the Earth undergoing
different directions of movementsalong the surface.
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So here’s the big picture of what
we’re living on

Fle wew Conool  Help

EARTHQUAKES (i< ResTaRT]

The Earth is a 4.5 billion-year-old ball of molten rock with an iron
core and a cool crust.

Crust

Inner core
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Earthquake Mechanism

Earth's crust is under tremendous strain at the
plate boundaries

Relative motion across a fault line will eventually
lead to rupture

Fault ruptures
suddenly releases
energy causing an

EARTHQUAKE

NGOG
-Continental Cnst.”- R
e DEDAN

A
ENCRRNENEN

Asthenosphere 3

Continent- Continent Convergence

=

Elastic Stress Cumulative Slip

H. F. Reid
American Geophysicist

Elastic strain energy is stored
in Rocks during the
deformations that occur due to
the tectonic plate actions. But,
rocks are very brittle, when the
rocks along a weak region
reach their strength, a sudden

Time
(years)

Time
{years)

movement takes place there
and release the large elastic
strain energy stored. This
causes the earthquake. And,
after the earthquake is over,
the process of strain build-up at
this modified interface between
the rocks starts all over again.
Earth scientists know this as
the Elastic Rebound Theory.
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Where Do EQ Occur?

e Faults

— Fracture in the Earth’s crust where one side
m ith respect to another

Faults associated with Earthquakes

» Faults are planes of weakness along
which the Earth has been broken

 Movements on a fault can be either slow
(ductile deformation) or fast (brittle
fracture)

 When a fault behaves in a brittle manner
and breaks, earthquakes are generated

8/24/2014
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Three types of dominantly vertical faults

Normal
Fatie

A normal fault is the
result of tensional
forces (e.qg., rifting)

* Reverse and thrust Reverse
faults are the result Fault £S5
of horizontal
compression

Blind
Thrust
Falt

Faults whose movement is dominantly

horizontal

These faults are termed

strike-slip faults -

They are a small-scale  £67¢ &
version of transform Lateral
plate tectonic margins

They are termed left-

lateral (sinistral) or -
right-lateral (dextral)
according to their

movement

Rpht
Lateral
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Surface trace of fault

Isoseismals
lines of equal
intensity

Epicenter
Focal depth

* Focus
(hypocenter)
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FOCAL DEPTH:

The depth of focus from the epicenter, called as Focal
Depth, is an important parameter in determining the
damaging potential of an earthquake. Most of the
damaging earthquakes have shallow focus with focal
depths less than about 70km.

MAIN SHOCKS, FORESHOCKS, AFTER SHOCK:

A number of smaller size earthquakes take place before
and after a big earthquake (i.e., the Main Shock). Those
occurring before the big one are called Foreshocks, and
the ones after are called Aftershocks.

A EHT fhiaH

1. According to Plate Boundaries

 Inter-plate earthquakes: earthquakes
occurring along the boundaries of the
tectonic plates. e,g. Assam earthquake
1897.

 Intra-plate earthquake: earthquakes
occurring within a plate. E.g. Latur
earthquake 1993.

35
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2. According to Focal Depth

« Shallow Focus earthquakes: focal depth
<70 km. Nearly 80% of the world’s
earthquakes are shallow focus
earthquakes.

* Intermediate focus earthquake:
earthquakes with focal depth from 70-
300 km.

* Deep focus earthquake: focal depth>300
km

A EHT fhiaH

3. According to Origin of the Earthquakes
» Tectonic earthquakes

* Volcanic earthquake

e Submarine (undersea) earthquake

8/24/2014
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Earthquakes

* Micro earthquakes

* Intermediate earthquake
 Moderate earthquake

e Strong earthquake
 Major earthquake

o Great earthquake

4. According to the Magnitude of the

M<3.0
3<M<4
5<M<5.9
6<M<6.9
7<M<7.9
M>8.0

Seismic Waves

Surface Waves

Structure

Geologic Strata -

earthquake travels as seismic

These waves are of two types

Large strain energy released during an

directions through the Earth’s layers,
reflecting and refracting at each interface.

waves in all

8/24/2014

37



Seismic Waves

Two types of seismic waves

+ Body waves- transmit energy through earth’s interior
»Primary (P) wave- rocks vibrate parallel to direction of wave
»Secondary (S) wave- rocks move perpendicular to wave direction

% Surface waves- transmit energy along earth’s surface
»>Rock moves from side to side like snake

»Rolling pattern like ocean wave

Body Waves
¥ . Waves v P (primary) waves
- Push and pull
— comparableto sound waves
— alternating dilatations and
compressions
: _ — transmitted through liquid or
Extension Compression solid
S-Waves Up and down — may be heard when they emerge
at surface

S (secondary or shear) waves

Side to side o — dower traveling
Direction of . .
— sideways perpendicular to

Energy Transmission | C K
— direction of propagation

— not transmitted through liquid
Some typical velocities (granite)

P=48kms S=3.0kms

8/24/2014
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Surface Waves

U Rayleigh wave

» Rayleigh wave makes a material
particle oscillate in an elliptic path
in the vertical plane (with
horizontal motion along direction
of energy transmission)

Lord Rayleigh
(1842-1919, born John William Strutt).
British Physicist and Mathematician

Rayleigh Waves

Elliptic in vertical plane

Direction of

Energy Transmissi onl

Surface Waves

U Love waves

» Love wave cause surface
motions similar to that by S-
waves, but with no vertical
component.

A.E.H. Love

Augustus Edward Hough Love
British mathematician
(1863-1940)

Love Waves
Sideways in horizental plane

111
Direction of

Energy Transmissi onl
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Damage Implications

P-waves are fastest, followed in sequence by S-,
Love and Rayleigh waves.

S-waves in association with effects of Love waves
cause maximum damage to structures by their
racking motion on the surface in both vertical and
horizontal directions.

Shaking is more severe (about twice as much) at the
Earth's surface than at substantial depths. This is
often the basis for designing structures buried
underground for smaller levels of acceleration than
those above the ground.

Damage implications

*  Wavemotion of Swaves
mor e damaging than P

e L-wavesparticularly
damaging to foundations

* Damage dueto body waves
enhanced by refraction &
Eeflected reflection

— causesenergy of onewave
typeto be converted to

waves of other type

— after early stagesreflection
& refraction ensures both
kinds of wavesfelt

* Body waves reflected back
from surface - amplifying

o incoming waves
Seismic Waves

8/24/2014
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TSUNAMI

A tsunami is a wave train or series of waves
generated in a body of water by an impulsive
disturbance that vertically displaces water column.

e Tsunami is a Japanese word meaning “harbour
waves”. “Tsu” means harbour and “nami” means
wave.

* It is generated when the sea floor abruptly deforms
and vertically displaces the overlying water.

« When earthquakes occur beneath the sea, the
water above the area is displaced from its equilibrium
position. Waves are formed as the displaced water
mass, which acts under influence of gravity, attempts
to regain its equilibrium.

* When large areas of sea floor elevate or subside, a
tsunami can be created.

8/24/2014
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TSUNAMI

Tsunami is a water wave caused due to tectonic activities under
water and travels across oceans with very high speed and can
inflict great dama e to life and property at the shores. The
recent Sumatra earthquake of magnitude 9.0 triggered the most
devastating tsunami of the recorded history causing a death toll
of more than 150,000.

106 km
fp————243km  ————— f— 2akm _'I/\ A‘
_ = _ ; ,

) 713 213

200) S04 151

200 159 48
0 T 23
10 36 10.6

TSUNAMI
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Sumatra earthquake 26 Dec, 2004 M 9.0

Sumatra earthquake 26 Dec, 2004 M 9.0
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Intensity

Depends On:

Distance to Quake
Geology
Type of Building
Observer!

Varies from Place to Place

How Strong Earthquake Feels to Observer

Modified Mercalli Scale, MSK - 1 to 12

8/24/2014
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Modified Mercalli Scale

AicHter
ude:

Datected anly by sensitive nstruments

Felt by few persons at rest, especially on
upper floors; delicately suspended objects
may swing

Feit naticeably indoars, But not always
recognized as earthquake; standing autos
rock slightly, vibrafion like passing truck

Felt incloors by many, outdoors by few, at
night some may awaken; dishes, windows,
coors disturbed; motor cars rock noticeably

Felt by maost pecple; some breakage of
dishes, windows, and plaster: disturbance
of tall ohjects

Felt by all, many frightened and run
outdoors; laling plaster and chimneys,
clam age small

VI

Everybody runs outdoors, damage to bulldngs
varles ch ding on quality of
noticed by drivers of automobiles

VIII

Panel walls thrown out of rames; fall of
walls, monuments, chimneys, sand and mud
sjected, drivers of autos disturbed

Buildings shifted off foundations, cracked,
thrown out of plumb; ground cracked,
underground broken

Mast masonry and frame structures destroyved:
ground cracked, rails bent, landslides

Few gructures remaln standing, bridges
destroyed, fissures in ground, pipes broken,
landslides, rails bent

Damage total; waves seen on ground
surface, lines of sight and level distorted,
chijects thrown up into air

-
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n

n
<n
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1985 Mexico Earthquake (SCT 1A; NSOE)
- . \
Seismogram BRI el s - uateg

1971 San Femando E'a'mquake (Pacaima Dam; N7EW)
T T d

20 30 40 .50 60
: Time (sec)
0.5g | 1991 Uttarkashi Earthquake (Uttarkashi, N75E)
Figure 4::

k Some typical recorded accelerograms_)'

The motion of the ground can be described in terms of
displacement, velocity or acceleration. The variation of
ground acceleration with timerecorded at a point on ground
during an earthquakeis called an accelerogram.

» For instance, a horizontal PGA value of 0.6g (= 0.6 times
the acceleration due to gravity) suggests that the movement
of the ground can cause a maximum horizontal forceon a
rigid structure equal to 60% of its weight
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Q Generally, the maximum amplitudes of
horizontal motions in the two orthogonal
directions are about the same.

0 However, the maximum amplitude in the
vertical direction is usually less than that in the
horizontal direction.

Q In design codes, the vertical design
acceleration is taken as 1/2 to 2/3 of the
horizontal design acceleration.
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EECEIRICII CRE BN I
T (Group) g T AT F&IT (Annual Average
(Magnitude) Number)

q. WETHEN Great 8 & higher 1 (based on observation since 1900)
3. sfayser Major 7-7.9 15 (based on observation since 1900)
3. 99« Strong 6-6.9 134 (based on observation since 1990)
¥. 299 Moderate 55.9 1319 (based on observation since 1990)
Y. T Light 4-49 13000 (estimated)
. 9T Minor 3-39 130,000 (estimated)
o, fq Im=T Very Minor  2-2.9 1,300,000 (estimated)
The USGS estimates that several million earthquakes occur in the world
each year. Many go undetected because they hit remote areas or have
very small magnitudes. The NEIC now locates about 50 earthquakes each
day, or about 20,000 a year.
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