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What is an earthquake? 
     An earthquake is a shaking of the ground caused by the sudden breaking and 

movement of large sections (tectonic plates) of the earth's rocky outermost crust. The 

edges of the tectonic plates are marked by faults (or fractures). Most earthquakes 

occur along the fault lines when the plates slide past each other or collide against 

each other. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 The shifting masses send out shock waves that may be powerful 

enoughto 

 

 alter the surface of the Earth, thrusting up cliffs and 

opening great cracks in the ground and 

 cause great damage ... collapse of buildings and other 

man-made structures, broken power and gas lines (and the 

consequent fire), landslides, snow avalanches, tsunamis 

(giant sea waves) and volcanic eruptions. 

 

Where; 

Fault or fault plane = the surface where when two blocks of the earth suddenly slip past     

one another 

 

Hypocenter = the location below the earth’s surface where the earthquake starts 

 

Epicenter = the location on the surface of the earth directly above the hypocenter 



 

 

 





Determining the Depth of an Earthquake 
 

      Earthquake depth range of 0 - 700 km is divided into three zones: 
shallow, intermediate, and deep. Shallow earthquakes are between 0 
and 70 km deep; intermediate earthquakes, 70 - 300 km deep; and 
deep earthquakes, 300 - 700 km deep.  

     The most obvious indication on a seismogram that a large 
earthquake has a deep focus is the small amplitude, or height, of 
the recorded surface waves and the uncomplicated character of 
the P and S waves. Although the surface-wave pattern does 
generally indicate that an earthquake is either shallow or may have 
some depth, the most accurate method of determining the focal 
depth of an earthquake is to read a depth phase recorded on the 
seismogram. The process involves rather complicated analysis and 
measurements with the aid of published travel-time curves or depth 
tables. 



An earth map showing positions of earthquakes 

 

 



Waves generated by an earthquake: 

 



 



The primary Waves 

     Primary waves (P-waves) are compressional waves that 

are longitudinal in nature. P waves are pressure waves that 

travel faster than other waves through the earth to arrive 

at seismograph stations first, hence the name "Primary". These 

waves can travel through any type of material, including 

fluids, and can travel at nearly twice the speed of S waves. In 

air, they take the form of sound waves, hence they travel at 

the speed of sound. Typical speeds are 330 m/s in air, 1450 m/s in 

water and about 5000 m/s in granite. 

 

 



The shear waves 

     Secondary waves (S-waves) are shear waves that 

are transverse in nature. Following an earthquake event, S-

waves arrive at seismograph stations after the faster-moving 

P-waves and displace the ground perpendicular to the 

direction of propagation. Depending on the propagation 

direction, the wave can take on different surface 

characteristics; for example, in the case of horizontally 

polarized S waves, the ground moves alternately to one side 

and then the other. S-waves can travel only through solids, as 

fluids (liquids and gases) do not support shear stresses. S-

waves are slower than P-waves, and speeds are typically around 60% of 

that of P-waves in any given material. 

 

 



Rayleigh waves 

     Rayleigh waves, also called ground roll, are surface waves 

that travel as ripples with motions that are similar to those 

of waves on the surface of water (note that the associated 

particle motion at shallow depths is retrograde, and that the 

restoring force in Rayleigh and in other seismic waves is 

elastic, not gravitational as for water waves).. They are 

slower than body waves, roughly 90% of the velocity of S waves 

for typical homogeneous elastic media. The existence of these 

waves was predicted by John William Strutt, Lord Rayleigh, in 1885 

 

 



Love waves 

     Love waves are horizontally polarized shear waves (SH 

waves), existing only in the presence of a semi-infinite medium 

overlain by an upper layer of finite thickness. They are named 

after A.E.H. Love, a British mathematician who created a 

mathematical model of the waves in 1911. They usually travel 

slightly faster than Rayleigh waves, about 90% of the S wave 

velocity, and have the largest amplitude. 

 

 



Stoneley waves 

     A Stoneley wave is a type of boundary wave (or interface 

wave) that propagates along a solid-fluid boundary or, under 

specific conditions, also along a solid-solid boundary. 

Amplitudes of Stoneley waves have their maximum values at 

the boundary between the two contacting media and decay 

exponentially towards the depth of each of them. The equation 

for Stoneley waves was first given by Dr. Robert Stoneley 

(1894 - 1976), Emeritus Professor of Seismology, Cambridge. 

Free oscillation waves 

     Free oscillations of the Earth are standing waves, the 

result of interference between two surface waves traveling 

in opposite directions. 



Methods for scaling an earthquake 

Richter magnitude scale 
 

The Richter magnitude scale (also Richter scale) assigns a magnitude 
number to quantify the energy released by an earthquake. The Richter 
scale, developed in the 1930s, is a base-10 logarithmic scale, which defines 
magnitude as the logarithm of the ratio of the amplitude of the seismic 
waves to an arbitrary, minor amplitude. 

As measured with a seismometer, an earthquake that registers 5.0 on the 
Richter scale has a shaking amplitude 10 times that of an earthquake 
that registered 4.0, and thus corresponds to a release of energy 31.6 
times that released by the lesser earthquake 

 



Earthquake Magnitude Scale 

Magnitude Earthquake Effects (in general); Estimated 

Number 
Each Year 

2.5 or less 
Usually not felt, but can be recorded by 

seismograph. 
900,000 

2.5 to 5.4 Often felt, but only causes minor damage. 30,000 

5.5 to 6.0 Slight damage to buildings and other structures. 500 

6.1 to 6.9 May cause a lot of damage in very populated areas. 100 

7.0 to 7.9 Major earthquake. Serious damage. 20 

8.0 or greater 
Great earthquake. Can totally destroy communities 

near the epicenter. 

One every 5 to 10 

years 

Earthquake Magnitude Classes 

Earthquakes are also classified in categories ranging from minor to great, depending on their 

magnitude. 

Class Magnitude 

Great 8 or more 

Major 7 - 7.9 

Strong 6 - 6.9 

Moderate 5 - 5.9 

Light 4 - 4.9 

Minor 3 -3.9 

 



   The following describes the typical effects of earthquakes 

of various magnitudes near the epicenter. The values are 

typical only. They should be taken with extreme caution, 

since intensity and thus ground effects depend not only on 

the magnitude, but also on the distance to the epicenter, the 

depth of the earthquake's focus beneath the epicenter, the 

location of the epicenter and geological conditions (certain 

terrains can amplify seismic signals). 



Magnitude Description 
Mercalli 
intensity 

Average earthquake effects 

Average 
frequency of 
occurrence 
(estimated) 

Less than 
2.0 

Micro I 
Microearthquakes, not felt, or felt 
rarely. Recorded by 
seismographs.[16] 

Continual/several 
million per year 

2.0–2.9 

Minor 

I to II 
Felt slightly by some people. No 
damage to buildings. 

Over one million 
per year 

3.0–3.9 II to IV 
Often felt by people, but very rarely 
causes damage. Shaking of indoor 
objects can be noticeable. 

Over 100,000 per 
year 

4.0–4.9 Light IV to VI 

Noticeable shaking of indoor objects 
and rattling noises. Felt by most 
people in the affected area. Slightly 
felt outside. Generally causes none 
to minimal damage. Moderate to 
significant damage very unlikely. 
Some objects may fall off shelves or 
be knocked over. 

10,000 to 15,000 
per year 

 



4.0–4.9 Light IV to VI 

Noticeable shaking of indoor objects and rattling 
noises. Felt by most people in the affected area. 
Slightly felt outside. Generally causes none to minimal 
damage. Moderate to significant damage very 
unlikely. Some objects may fall off shelves or be 
knocked over. 

10,000 
to 
15,000 
per year 

5.0–5.9 Moderate VI to VIII 
Can cause damage of varying severity to poorly 
constructed buildings. At most, none to slight damage 
to all other buildings. Felt by everyone. 

1,000 to 
1,500 
per year 

6.0–6.9 Strong VII to X 

Damage to a moderate number of well-built structures 
in populated areas. Earthquake-resistant structures 
survive with slight to moderate damage. Poorly 
designed structures receive moderate to severe 
damage. Felt in wider areas; up to hundreds of 
miles/kilometers from the epicenter. Strong to violent 
shaking in epicentral area. 

100 to 
150 per 
year 

7.0–7.9 Major 

VIII or 
greater[17] 

Causes damage to most buildings, some to partially 
or completely collapse or receive severe damage. 
Well-designed structures are likely to receive damage. 
Felt across great distances with major damage mostly 
limited to 250 km from epicenter. 

10 to 20 
per year 

8.0–8.9 

Great 

Major damage to buildings, structures likely to be 
destroyed. Will cause moderate to heavy damage to 
sturdy or earthquake-resistant buildings. Damaging in 
large areas. Felt in extremely large regions. 

One per 
year 

9.0 and 
greater 

At or near total destruction - severe damage or 
collapse to all buildings. Heavy damage and shaking 
extends to distant locations. Permanent changes in 
ground topography. 

One per 
10 to 50 
years 

(Based on U.S. Geological Survey documents.) 



Effect of earthquakes on soil and foundations 

1-The sandy soil (soil liquefaction) 

     Soil liquefaction describes a phenomenon whereby a 

saturated or partially saturated soil substantially 

loses strength and stiffness in response to an applied stress, 

coming from an earthquake shaking or other sudden change 

in stress condition, causing it to behave like a liquid. In soil 

mechanics the term "liquefied" was first used by Hazen in 

reference to the 1918 failure of the Calaveras Dam in 

California. 

     In soil mechanic language a state of 'soil liquefaction' 

occurs when the effective stress of soil is reduced to 

essentially zero, which corresponds to a complete loss 

of shear strength. This is initiated by cyclic loading (e.g. 

repeated change in stress condition – coming from wave 

loading of an earthquake shaking).  









2-The quick clay 

     Quick clay is a water-saturated gel, which in its solid form 
resemble a unique form of highly sensitive clay. This clay has a 
tendency to change from a relatively stiff condition to a liquid mass 
when it is disturbed as from earthquake shock waves. This gradual 
change in appearance from solid to liquid is a process known as 
spontaneous liquefaction. The clay retains a solid structure despite 
the high water content (up to 80 volume-%), because surface 
tension holds water-coated flakes of clay together in a delicate 
structure. When the structure is broken by a shock or sufficient 
shear, it turns to a fluid state. 

     Quick clay has been the underlying cause of many 
deadly landslides. In Canada alone, it has been associated with more 
than 250 mapped landslides. Some of these are ancient, and may 
have been triggered by earthquakes. 



 









And finally last but not 
least 

What Should I Do Before, During, And After An 
Earthquake? 

 
 



What to Do Before an Earthquake!!! 

 Make sure you have a fire extinguisher, first aid kit, a battery-powered radio, a 

flashlight, and extra batteries at home. 

 Learn first aid. 

 Learn how to turn off the gas, water, and electricity. 

 Make up a plan of where to meet your family after an earthquake. 

 Don't leave heavy objects on shelves (they'll fall during a quake). 

 Anchor heavy furniture, cupboards, and appliances to the walls or floor. 

 Learn the earthquake plan at your school or workplace. 



What to Do During an Earthquake!!! 

 Stay calm! If you're indoors, stay inside. If you're outside, stay outside. 

 If you're indoors, stand against a wall near the center of the building, stand in a 

doorway, or crawl under heavy furniture (a desk or table). Stay away from windows 

and outside doors. 

 If you're outdoors, stay in the open away from power lines or anything that might 

fall. Stay away from buildings (stuff might fall off the building or the building 

could fall on you). 

 Don't use matches, candles, or any flame. Broken gas lines and fire don't mix. 

 If you're in a car, stop the car and stay inside the car until the earthquake stops. 

Don't use elevators (they'll probably get stuck anyway). 



What to Do After an Earthquake!!! 

 Check yourself and others for injuries. Provide first aid for anyone who needs it. 

 Check water, gas, and electric lines for damage. If any are damaged, shut off the 

valves. Check for the smell of gas. If you smell it, open all the windows and doors, 

leave immediately, and report it to the authorities (use someone else's phone). 

 Turn on the radio. Don't use the phone unless it's an emergency. 

 Stay out of damaged buildings. 

 Be careful around broken glass and debris. Wear boots or sturdy shoes to keep from 

cutting your feet. 

 Be careful of chimneys (they may fall on you). 

 Stay away from beaches. Tsunamis sometimes hit after the ground has stopped 

shaking. 

 Stay away from damaged areas. 

 If you're at school or work, follow the emergency plan or the instructions of the 

person in charge. 

 Expect aftershocks. 









                     

                           


