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Northridge, CA 1994
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Northridge, CA 1994

hdLgsf] sDkgaf6
lrhlah v:g'

KGO-TV News ABC-7Loma Prieta, CA 1989
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Kobe, Japan 1995

hdLgsf] sDkgaf6 ejgdf Iflt

Kobe, Japan 1995
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Landers, CA 1992

hdLg ;txdf lr/f kg'{

Source: National Geophysical Data Center

Niigata, Japan 1964

t/nLs/0faf6 df6f]sf] ef/jxg Ifdtfdf Åf;
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klx/f] hfg'

Turnagain Heights, Alaska,1964 (upper left inset);
Santa Cruz Mtns, California , 1989

Source: National Geophysical Data Center
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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
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Causes of earthquakes

Earthquakes

Natural Sources Manmade Sources

• Tectonic Earthquakes
• Volcanic Earthquakes
• Rock Faults

• Controlled Sources 
( Explosives)
• Reservoir Induced
• Mining Induced

e"sDk hfg'sf] j}1flgs sf/0fsf] vf]hL

DUDBC 2012 40
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seismic eruption
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 Convection currents - in the viscous Mantle, because of 
prevailing high temperature and pressure gradients 
between the Crust and the Core result 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 underneath the Earth’s surface, 
leading to different portions of the Earth undergoing 
different directions of movements along the surface.

Plate Tectonics
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So here’s the big picture of what 
we’re living on

e"sDk Ps b[li6df
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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

Elastic Re-bound Theory:

 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
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.

H. F. Reid
American Geophysicist
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Where Do EQ Occur?
• Faults

– Fracture in the Earth’s crust where one side 
moves with 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
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Three types of dominantly vertical faults

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

• Reverse and thrust 
faults are the result 
of horizontal 
compression

Faults whose movement is dominantly 
horizontal

• These faults are termed 
strike-slip faults

• They are a small-scale 
version of transform 
plate tectonic margins

• They are termed left-
lateral (sinistral) or 
right-lateral (dextral) 
according to their 
movement
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e"sDk ;Da4 zAbfjnL
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s]]Gb|ljGb'

Olk;]G6/

e"sDkLo lr/fsf] ;dtn

Epicenter

Focus
(hypocenter)

Isoseismals
lines of equal
intensity

Focal depth

e"sDk ;Da4 zAbfjnL
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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.

e"sDk ;Da4 zAbfjnL

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.

e"sDksf lsl;d
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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

e"sDksf lsl;d

3. According to Origin of the Earthquakes
• Tectonic earthquakes
• Volcanic earthquake
• Submarine (undersea) earthquake

e"sDksf lsl;d
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4. According to the Magnitude of the 
Earthquakes

• Micro earthquakes M<3.0
• Intermediate earthquake 3<M<4
• Moderate earthquake 5<M<5.9
• Strong earthquake 6<M<6.9
• Major earthquake 7<M<7.9
• Great earthquake M>8.0

e"sDksf lsl;d

Seismic Waves

Large strain energy released during an
earthquake travels as seismic waves in all
directions through the Earth’s layers,
reflecting and refracting at each interface. 
These waves are of two types

e"sDkLo t/Ëx?
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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
 P (primary ) waves

– comparable to sound waves
– alternating dilatations and 

compressions
– transmitted through liquid or 

solid
– may be heard when they emerge 

at surface

 S (secondary or shear) waves

– slower traveling
– sideways perpendicular to 

direction of propagation
– not transmitted through liquid

Some typical velocities (granite)
P= 4.8 km s S= 3.0 km s
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Surface Waves
 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

Surface Waves
 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)
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 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

Damage implications
• Wave motion of S waves 

more damaging than P
• L-waves particularly 

damaging to foundations
• Damage due to body waves 

enhanced by refraction & 
reflection

– causes energy of one wave 
type to be converted to 
waves of other type

– after early stages reflection 
& refraction ensures both 
kinds of waves felt

• Body waves reflected back 
from surface - amplifying 
incoming waves

Seismic Waves
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;'gfdL eg]sf] s] xf] <

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.
• 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.
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83

• Tsunami is a water wave caused due to tectonic activities under
water and travels across oceans with very high speed and can
inflict great damage 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.

TSUNAMI

84

TSUNAMI
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85
Sumatra earthquake 26 Dec, 2004 M 9.0

86
Sumatra earthquake 26 Dec, 2004 M 9.0
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e"sDk dfkg
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e"sDk dfkg

• kl/df0f (Magnitude)

– e"sDkaf6 pT;lh{t zlQmsf] dfkg

– /]S6/ :s]ndf dfkg -! b]lv !) ;Ddsf] :s]ndf_ ul/G5 .

– ! /]S6/ :s]nsf] km/sn] sDkgsf] PlDKnRo'8df !) u'0ff 
km/s / e"sDkLo zlSt pT;h{gdf #) u'0ff km/s x'G5 .

DUDBC 2012 88
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e"sDk dfkg

• ltj|tf (Intensity)

– ljleGg :yfgdf ;txsf] sDkg

– kl/dflh{t dsf{nL tLj|tf (Modified Mercelli

Intensity jf MMI) df dfkg ul/G5 .

– ! b]lv !@ ;Ddsf] :s]ndf dfkg

DUDBC 2012 89

lu;]kL dsf{nL

– O6flnog e"sDkljb\

Intensity

How Strong Earthquake Feels to Observer
Depends On: 

 Distance to Quake 
 Geology 
 Type of Building 
 Observer! 

Varies from Place to Place 

 Modified Mercalli Scale, MSK - 1 to 12
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e"sDk dfks oGq

• The motion of the ground can be described in terms of 
displacement, velocity or acceleration. The variation of 
ground acceleration with time recorded at a point on ground 
during an earthquake is 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 force on a 
rigid structure equal to 60% of its weight. 

Seismogram
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 Generally, the maximum amplitudes of
horizontal motions in the two orthogonal
directions are about the same.

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

 In design codes, the vertical design
acceleration is taken as 1/2 to 2/3 of the
horizontal design acceleration.

kl/df0f / ltj|tf

DUDBC 2012 96
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;fk]lIfs ;DaGw

;fgf] tLj|tf 7"nf]

;fgf] kl/df0f 7"nf]

6f9f b"/L glhs

s8f hldgsf] cj:yf g/d

ulx/f] s]Gb|sf] ulx/fO sd
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ljZjdf uPsf e"sDkx?sf] cfj[lt
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ljZjdf uPsf e"sDkx?sf] cfj[lt

ju{ (Group) kl/df0f 
(Magnitude)

jflif{s cf}ift ;+Vof (Annual Average 
Number)

!= dxfe"sDk Great 8 & higher 1        (based on observation since 1900)

@= cltk|an Major 7-7.9 15      (based on observation since 1900)

#= k|an Strong 6-6.9 134    (based on observation since 1990)

$= dWod Moderate 5-5.9 1319   (based on observation since 1990)

%= xn'sf Light 4-4.9 13000 (estimated)

^= ;fdfGo Minor 3-3.9 130,000 (estimated)

&= clt ;fdfGo 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.

e"sDksf] k"jf{g'dfg

• ;fdfGo / bL3{sfnLg cg'dfg

If]qLo e"sDkLotf / e"sDkLo If]qx?sf] ?k/]vfsf] cfwf/df s'g
If]qdf e"sDk hfg] ;Defjgf 5 eGg] lg:sif{df k'Ug ;lsG5

• lglZrt / cNksfnLg cg'dfg

ljleGg cWoog / cg';Gwfg eP klg cBflk ;Dej gePsf]

DUDBC 2012 100
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!**) odk+rdL
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!*(! c;f/
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!(() Dff3
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!#!) c;f/

!#!^

!$^$ ebf}
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104

dfk -/]S6/ :s]n_ 36gf -;+Vof_ cjlw -jif{_

% b]lv ^ ;Dd $! @

^ b]lv & ;Dd !& %

& b]lv &=% ;Dd !) *

&=% b]lv * ;Dd @ $)

* eGbf 7‘"nf] ! *)

;g !(!! b]lv !((! ;Dd sf e"sDkx? 

g]kfndf ljutdf uPsf e"sDkx?



8/24/2014

53

105 Source:ERRRP/DUDBC/NSET/LSMC

csf]{ dxfe"sDk slxn] cfpnf <

• g]kfndf ljqmd ;+at !#!) b]lv !(() ;Ddsf] ^*) jif{df !) j6f 
dxfe"sDkx? uPsf] Oltxf; 5 . 

• * /]S6/ kl/df0f eGbf a9Lsf] e"sDksf] nflu cfjZos phf{ jf 
zQmL e"ue{df ;+lrt eO;s]sf] tYo j}1flgsx? atfpF5g\ .

• eljiosf] s'g}klg a]nf * /]S6/ kl/df0f eGbf a9Lsf] e"sDk hfg 
;Sg] k|jn ;+efjgf 5 .

• e"sDksf] j}1flgs eljiojf0fL ug{ lj1fg xfn;Dd ;kmn eO;s]sf] 
5}g . 

106

lj=;+= !(() sf] dxf–e"sDk
lj=;+=!*() sf] dxf–e"sDksf] 7Ls !)) aif{kl5 lj=;+= !(() ;fnsf]
df3 @ ut] lbgsf] @ ah] @$ ldg]6 @@ ;]s]08 hfFbf of] dxf–e"sDk
uPsf] lyof] . of]] dxf–e"sDksf] s]Gb| ljGb' g]kfnsf] k"jL{ If]q r}gk'/df
/x]sf] lyof] / o;sf]] gfk *=$ /]S6/ :s]nsf] lyof] . ;f] dxf–e"sDkn]
g]kfndf k'?if #*%) / dlxnf $^^( u/L hDdf *%!( hgfsf] d[To'
ePsf] lyof] . o; dWo] sf7df8f}+ pkTosfdf k'?if !(%@ / dlxnf @#$$
u/L hDdf $@(^ hgfsf] d[To' eof] . o; e"sDkaf6 3/af;, b]jfno /
kf6L kf}jf ;d]t u/L hDdf @)&&$) j6f eTs]sf] lyof] .

lj=;+= !(() ;fnsf] dxfe"sDk
g]kfn laxf/ e"sDk, !% hgj/L,;g\ !(#$ 

*=$ /]S6/
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107

lj=;+= !(() ;fnsf] dxfe"sDk

g]kfn laxf/ e"sDk, !% hgj/L,;g\ !(#$ 
*=$ /]S6/

108
e"sDk cl3 led;]g :tDe

lj=;+= !(() ;fnsf] dxfe"sDk
g]kfn laxf/ e"sDk, !% hgj/L,;g\ !(#$ 

*=$ /]S6/
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109

lj=;+= !(() ;fnsf] dxfe"sDk

e"sDk kl5 Ifltu|:t led;]g :tDe

g]kfn laxf/ e"sDk, !% hgj/L,;g\ !(#$ 
*=$ /]S6/

110

lj=;+= !(() ;fnsf] dxfe"sDk

e"sDk cl3 306f3/
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111

lj=;+= !(() ;fnsf] dxfe"sDk

e"sDk kl5 Ifltu|:t 306f3/

112

lj=;+= !(() ;fnsf] dxfe"sDk

e"sDk cl3 kf6g b/af/ If]q 
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lj=;+= !(() ;fnsf] dxfe"sDk

e"sDk kl5 Ifltu|:t kf6g b/af/ If]q 

lj=;+= !(() ;fnsf] dxfe"sDk

e"sDk cl3 dxfaf}4 dlGb/

e"sDk kl5 Ifltu|:t dxfaf}4 dlGb/
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• g]kfnsf] pbok'/ lhNnfsf] d's{'Rr] eGg]
7fpdf s]Gb| laGb' ePsf] lj=;+=@)$% ;fn efb|
% ut] uPsf] ^=& /]S6/ :s]nsf] e"sDkn]
sf7df8f}+ pkTosf / k"jL{ kxf8 / t/fOsf
^,%)) eGbf a9L 3/x¿ eTsfpg'sf ;fy} & ;o
@! hgfsf] Hofg lnPsf] lyof] .

lj=;+=@)$% ;fn efb| % ut] uPsf] ^=& /]S6/ 
:s]nsf] e"sDk

ljutsf e"sDkn] l;sfPsf kf7x?
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e"sDksf] c;/df lsg km/s k¥of] <

b'j} ejg df6f]sf] hf]8fOdf ag]sf x'g\
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tfKn]h'ª e"sDk
!* ;]K6]Da/,;g\ @)!! ^=( /]S6/
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b'j} ejg :s"n ejg x'g\

e"sDksf] c;/df lsg km/s k¥of] <

sflZd/ e"sDk, * cS6'a/,;g\ @))% 
&=^ /]S6/
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DUDBC 2012 119

b'j} ejg dl:hb\ ejg x'g\

e"sDksf] c;/df lsg km/s k¥of] <

sflZd/ e"sDk, * cS6'a/,;g\ @))% 
&=^ /]S6/
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e"sDksf] c;/df lsg km/s k¥of] <

g]kfn laxf/ e"sDk, !% hgj/L,;g\ !(#$ 
*=$ /]S6/
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b'O{ s'gf aLr lsg of] km/s <
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sflZd/ e"sDk, * cS6'a/,;g\ @))% 
&=^ /]S6/

/fd|f pbfx/0f klg 5g\
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sflZd/ e"sDk, * cS6'a/,;g\ @))% 
&=^ /]S6/
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e"sDk k|lt/f]wL ejg

• sd tLj|tfsf] e"sDk ;lhn} y]Ug ;S5

• dWod vfn] e"sDkdf ;fdfGo Iflt dfq x'G5

• 7"nf] e"sDkdf klg ejg elTsxfNb}g

DUDBC 2012 123

124 Source:ERRRP/DUDBC/NSET/LSMC

e"sDksf] ljifodf xfdL s] ug{ ;S5f} <

• e"sDk k[YjLsf] lg/Gt/ ef}ule{s k|lqmof xf], h;nfO{ dflg;n] /f]s]/ 
/f]Sg ;Sb}g .  

• e"sDksf] j}1flgs eljiojf0fL ug{ xfn;Dd ;Dej ePsf] 5}g .

• e"sDkLo hf]lvd Go"gLs/0f tyf k"j{tof/Lsf k|efjsf/L pkfox? 
ckgfP/ ;Defljt e"sDkaf6 x'g ;Sg] hg wgsf] Iflt Pj+ c;/x? 
w]/} xb;Dd 36fpg ;lsG5 .

• eljiodf cfpg] dxfe"sDkaf6 aRg cfh} b]lv ;dfhsf ;a} :t/df
“e"sDkLo hf]lvd Go"gLs/0f tyf k"j{tof/L” sf] sfd yfnf}F .
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125 Source:ERRRP/DUDBC/NSET/LSMC

e"sDkLo k|sf]kaf6 aRg k"j{ tof/Ldf h'6f}+ 

wGojfb !
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