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Earthquakes 

What Is an Earthquake? 

 An earthquake is the vibration of Earth 

produced by the rapid release of energy 



FOCUS AND EPICENTER 

•  Focus or hypocenter is the point within Earth where the 

earthquake starts.   

•  Epicenter is the location on the surface directly above 

the focus. 

 Focus and Epicenter 



Focus, Epicenter, and Fault 



Cause of Earthquakes 
 

•  An aftershock is a small earthquake that 

follows the main earthquake. Continuing 

adjustment of position results in aftershocks. 

   •  A foreshock is a small earthquake that often 

precedes a major earthquake. 

 Aftershocks and Foreshocks 



Earthquake Waves 

Measuring Earthquakes 

 Seismographs are 

instruments that 

record earthquake 

waves. 

 Seismograms are 

traces of amplified, 

electronically 

recorded ground 

motion made by 

seismographs. 



Measuring Earthquakes 

What are Seismic Waves? 
Response of material to the arrival of energy fronts 

released by rupture 

Body Waves: P and S waves 

Surface Waves: R and L waves 



Body Waves: P and S waves 

• Body waves 

– P or primary waves 

• fastest waves 

• travel through solids, 
liquids, or gases 

• compressional wave, 
material movement is 
in the same direction 
as wave movement 

– S or secondary waves 

• slower than P waves 

• travel through solids 
only 

• shear waves - move 
material 
perpendicular to 
wave movement 



Surface Waves: R and L waves 

• Surface Waves 

– Travel just below or along the ground’s surface 

– Slower than body waves; rolling and side-to-side 

movement 

– Especially damaging to buildings 



     Seismic wave behavior 

– P waves arrive first, then S waves, then L and R 

– Average speeds for all these waves is known 

– After an earthquake, the difference in arrival times at a 

seismograph station can be used to calculate the distance 

from the seismograph to the epicenter. 

How is an Earthquake’s Epicenter Located? 



How is an Earthquake’s Epicenter 
Located? 

 Earthquake Distance 

•  Travel-time graphs from three or more  

 seismographs can be used to find the 

exact  

 location of an earthquake epicenter.  

•   A circle where the radius equals the 

distance to the epicenter is drawn. 

•  The intersection of the circles locates  

the epicenter  

 

•  The epicenter is located using the 

difference  in the arrival times between P 

and S wave recordings, which are related 

to distance. 

•  About 95 percent of the major 

earthquakes occur in a few narrow 

zones. 

 Earthquake Direction 

 Earthquake Zones 



Locating an Earthquake 

The farther away a seismograph is from the focus of an earthquake, 

the longer the interval between the arrivals of the P- and S- waves 



Size and Strength of an Earthquake 

Measured? 

 Historically, scientists have used two different 

types of measurements 

 

 intensity  

 magnitude 



How are the Size and Strength of an Earthquake Measured? 

• Modified Mercalli Intensity Map 

– 1994 Northridge, CA earthquake, 

magnitude 6.7 

• Intensity 

– subjective 

measure of the 

kind of damage 

done and 

people’s 

reactions to it 

– isoseismal lines 

identify areas of 

equal intensity 



How are the Size and Strength of an Earthquake Measured? 

• Magnitude 

– Richter scale 

measures total 

amount of energy 

released by an 

earthquake; 

independent of 

intensity 

– based on Amplitude 

of the largest wave 

produced by an 

event is corrected 

for distance and 

assigned a value on 

an open-ended 

logarithmic scale 

Each unit of Richter magnitude equates to 

 roughly a 32-fold energy increase 

Does not estimate adequately the size of 
very large earthquakes   



Earthquake Magnitudes 



Some Notable Earthquakes 



The Economics and Societal Impacts of EQs 

Damage in Oakland, CA, 1989 

 
• Building collapse 

• Ground failure / 
Liquefaction 

• Tsunami 

• Fire 



Seismic Vibrations 

Destruction from Earthquakes 

The damage to buildings and other structures 

from earthquake waves depends on 

several factors.  

 the intensity  

 duration of the vibrations 

 the nature of the material on which the 

structure is built 

 the design of the structure. 



Significant Causes of Infrastructure Damage 

Engineered 

(Institutional Buildings) 
 

• Quality of construction and 
construction materials 

 

• Lack of seismic considerations 
 

• Lack of monitoring 
 

• Building codes   

• Governance weakness 

 

 

Non-Engineered 

(Private Buildings/Homes) 
 

• Lack of awareness about 
seismically resistant design 

 

• Settling of structures 
 

• Aspiration to modernize with 
insufficient knowledge of safe 
construction  

 

• Cost 

 

 





Seismic Vibrations 

Destruction from Earthquakes 

 Liquefaction 

•  Saturated material turns fluid 

•  Underground objects may 
float to surface  



Tsunamis: the Japanese word for “seismic sea wave” 

 

Destruction from Earthquakes 

 Cause of Tsunamis 

•  A tsunami triggered by an earthquake occurs where a slab 

of the ocean floor is displaced vertically along a fault. 

•  A tsunami also can occur when the vibration of a quake 

sets an underwater landslide into motion. 

Although tsunamis travel quickly, there is sufficient time to 

evacuate all but the area closest to the epicenter. 



Other Dangers 

Destruction from Earthquakes 

•  With many earthquakes, the 

greatest damage  

to structures is from 

landslides and ground 

subsidence, or the sinking of 

the ground triggered by 

vibrations. 

 Landslides 

•  In the San Francisco earthquake of 1906, most  

of the destruction was caused by fires that started when gas and 

electrical lines were cut. 

 Fire 



Can Earthquakes be Predicted? 

Earthquake Prediction Programs 

– include laboratory and field studies of rocks before, during, 

and after earthquakes 

– monitor activity along major faults 

– produce risk assessments 



Remedial Measures 

Increase public awareness about hazard risk 
management. 

 
 
Build capacity of professionals and government 
officials. 
 Safe building practices and earthquake 
 resistant design. 

 
Develop and enforce simple building codes for 
rural and peri-urban areas. 

 



 

CASE STUDIES 

Kashmir Earth Quake 

 

 



Kashmir Earthquake 

8th October 2005 
7.6-magnitude 

earthquake took place on 

Saturday 8th October at 

0925 local time. 

The epicentre was 

Muzzaffarabad the capital 

of the Pakistan 

administered region of 

Kashmir, 80km north-east 

of Islamabad. 

It was followed by 20 

powerful aftershocks 



How did the earthquake occur 

   The earthquake in 

Pakistan is the result of 

India's long-term, 

gradual, geological 

movement north into 

Asia at a speed of five 

centimetres a year - a 

millimetre per week.  

 

 Plate Boundary ??? 

 
http://news.bbc.co.uk/1/hi/world/south_asia/4322582.stm 



Thanks 

??...... 


