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Lecture 05: Topics
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Ø What is Earthquake and Causes

Ø Earthquake waves and Their Types

Ø Measurement of  Earthquake/Seismic Forces

Ø Intensity and Magnitude of  Earthquake

Ø History of  Major Earthquake Disasters and their Effects

Ø Seismic Zones of  Bangladesh



What is Earthquake
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Ø The natural vibration of  the ground (or the 

Earth’s crust) produced by forces, called 

Earthquake forces or Seismic forces.

Ø Some times these vibrations are very feeble, 

not even felt by human.

Ø But some vibrations are severe and cause 

rupture of building and structures.



Focus & Epicenter
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Ø An earthquake originates at a point 

within the Earth called the Focus. This is 

the point where the seismic energy is first 

released due to the movement of  tectonic 

plates along a fault line. 

Ø The point on the Earth's surface directly 

above the focus is called the Epicenter, 

where the earthquake waves reach first. 



Where do Earthquakes Occur
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Ø About 80% of  earthquakes 

occur along tectonic plate 

boundaries.

Ø Some also occur within 

plates due to stress buildup 

and fault lines, though these 

are less frequent. 



What causes Earthquake
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Depending on the possible cause earthquakes can be classified as following 2 

categories -

• Tectonic Earthquake, caused by slippage or movement of  rock masses 

along a rupture or break called Fault.

• Non-tectonic Earthquake, can be caused by volcanic eruptions, 

landslides, subsidence of  ground below the surface.



The Elastic Rebound Theory
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• Most natural earthquakes are caused by sudden 

slippage along a fault zone. 

• The elastic rebound theory suggests that if  

slippage along a fault is hindered such that elastic 

strain energy builds up in the deforming rocks on 

either side of  the fault, when the slippage does 

occur, the energy released causes an earthquake.



Earthquake Waves
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When an earthquake occurs, the 

elastic energy is released sending 

out vibrations that travel 

throughout the Earth. These 

vibrations are called Earthquake 

Waves or Seismic Waves.



Types of Earthquake Waves
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Earthquake Waves or Seismic 

Waves are divided into 2 major 

category,

1) Body Wave moves through the 

interior of  the Earth.

2) Surface Wave travels along the 

surface of  the Earth. This type 

wave is responsible for the damage.



Types of Body Waves
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1) Primary or P-Wave
P waves cause the ground to 

compress and expand, that is, to 

move back and forth, in the 

direction of  travel.

2) Secondary or S-Wave

S waves shake the ground in a 

shearing, or crosswise, motion 

that is perpendicular to the 

direction of  travel.

Motion of  Particle



P-Wave vs S-Wave
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Longitudinal waves.  Transverse waves.

Pass trough both solids and liquids. Can not move through liquids.

Move forwards and backwards as it 
compressed and decompressed.

Move in all direction from their source.



P-Wave vs S-Wave
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P-wave is faster. S-wave is slower than P-wave.

First P-wave arrive in the surface. After P-wave S-wave arrives.



Understanding Earth’s Internal Structure will Seismology
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Types of Surface Waves
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1) Rayleigh or R-Waves

Characterized by a rolling, 

elliptical motion of  the ground 

surface.

2) Love or L-Waves

Characterized by a horizontal 

side-to-side motion of  the 

ground.



R-Waves vs L-Wave
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Particles move both vertically and horizontally 
in the direction of  wave propagation. 

 Particles move perpendicular to the direction 
of  wave propagation.

 They are slower than L-waves and body waves. Travel faster than Rayleigh waves. 

 They cause the most noticeable shaking during 
an earthquake but less destructive than L-wave.

Love waves are known for causing the most 
damage during an earthquake.



Measurement of Earthquake or Seismic Force
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Measurement of Earthquake or Seismic Force
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Seismic waves travel through the Earth as vibrations. A Seismometer is an 

instrument used to record these vibrations, and the resulting graph that shows the 

vibrations is called a Seismogram.



Measurement of Earthquake or Seismic Force
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To record ground vibrations in 

all three spatial directions, you 

need three Seismometers. 

Each seismometer is designed 

to measure motion along a 

single axis (e.g., north-south, 

east-west, and vertical)



Locating Epicenter using Triangulation Method
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Calculating Distance:

By measuring the time difference between the arrival of  P-waves and S-waves we 

can determine the distance of  Epicenter using Travel Time Curve.

Triangulation:

Using the calculated distances, circles are drawn on a map around each seismic 

station, with the radius of  each circle representing the distance to the epicenter.

Epicenter Location:

The point where the circles intersect (or nearly intersect) represents the 

earthquake's epicenter. At least 3 locations are needed for this method.



Locating Epicenter using Triangulation Method
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Epicenter 



Intensity of an Earthquake
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• It can be defined as the rating of  

an earthquake based on the actual 

effects produced by the quake on 

the Earth.

• These observed effects range from 

simple harmless vibrations to 

strong jerks capable of  collapse of  

buildings.

Modified Mercalli’s Intensity Scale



Intensity of an Earthquake
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Magnitude of an Earthquake
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• Magnitude is the size of  an earthquake 

based on the total amount of  energy 

released by it.

• Richter scale is used to classify the 

magnitude of  earthquakes.

• The higher Richter value indicates the 

earthquake released higher energy.

Richter Scale



Magnitude of Notable Earthquakes
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Effects of Major Earthquakes
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Tsunami
Japan 2011



Effects of Major Earthquakes
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Fire
Japan 1923



Effects of Major Earthquakes
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Landslide
Nepal 2015



Effects of Major Earthquakes
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Ground 
Displacement
Nepal 2015



Effects of Major Earthquakes
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Ground Cracks
Chile 2020



Effects of Major Earthquakes
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Dam Failure and Flood
Taiwan 1991



Seismic Zones of Bangladesh
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The country has been divided into four seismic 
zones with different levels of  ground motion. 
Each zone has a seismic zone coefficient (Z) 
which represents the maximum considered peak 
ground acceleration (PGA) on very stiff  
soil/rock (site class SA) in units of  g 
(acceleration due to gravity). 
The zone coefficients (Z) of  the four zones are: 
Z = 0.12 (Zone 1), Z = 0.20 (Zone 2), Z = 0.28 
(Zone 3) and Z = 0.36 (Zone 4).
The zone 4 is more prone to earthquake as, the 
Dauki Fault locates there.



Seismic Forces in Design Consideration
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