Chapter 24: Epicentre

Introduction

The epicentre is a central concept in the study of earthquakes and plays a
vital role in understanding seismic events, their causes, effects, and mitigation
strategies. It is defined as the point on the Earth's surface that lies directly
above the hypocentre or focus, where the earthquake originates. The knowledge
of epicentre location is crucial for engineers, seismologists, urban planners, and
emergency responders as it helps estimate damage zones, design earthquake-
resistant structures, and formulate disaster response strategies.

This chapter discusses the characteristics, determination methods, significance,
and applications related to the epicentre in earthquake engineering.

24.1 Definition and Basic Concepts
24.1.1 Epicentre and Hypocentre

o Epicentre: The point on the Earth's surface vertically above the point of
origin (hypocentre) of an earthquake.

o Hypocentre (Focus): The location beneath the Earth’s surface where
fault rupture and seismic energy release actually begin.

o Seismic waves travel outward in all directions from the hypocentre, reaching
the surface at the epicentre first.

24.1.2 Seismic Wave Propagation

o Seismic waves (P-waves, S-waves, Surface waves) radiate from the hypocen-
tre.

o P-waves arrive first at seismic stations, followed by S-waves, then Surface
waves.

e The differential travel times are essential for locating the epicentre.

24.2 Geophysical and Geological Importance of the Epicen-
tre

24.2.1 Ground Shaking Intensity

¢ Maximum ground motion typically occurs near the epicentre.
o Intensity decays with distance due to attenuation and geological damping.



24.2.2 Fault Line Association

o The epicentre often lies near surface expressions of active fault lines.
o It provides clues for mapping seismic sources and zones of weakness in the
lithosphere.

24.2.3 Influence on Damage Pattern

o Buildings, lifelines, and infrastructure directly above or near the epicentre
suffer the greatest damage.
e The effects depend on soil type, depth of hypocentre, and magnitude.

24.3 Methods of Epicentre Determination
24.3.1 Triangulation Method Using Seismic Stations

o Based on the arrival time difference between P-waves and S-waves at three
or more seismic stations.

o The distance to the epicentre is calculated for each station using travel-time
curves.

o The intersection of circles (based on calculated distances) pinpoints the
epicentre.

24.3.2 Global Positioning System (GPS) and Satellite Methods

¢ High-resolution GPS stations detect ground displacement caused by seismic
waves.
o Used in real-time seismic monitoring and rapid epicentre localization.

24.3.3 Moment Tensor Inversion

e A mathematical approach using waveform analysis to estimate the fault
mechanism and location of the epicentre.
o Effective for large earthquakes and in areas with sparse station coverage.

24.4 Seismological Tools and Technologies
24.4.1 Seismographs and Accelerographs

e Instruments that record ground motion.
o Networked seismographs provide real-time data for locating epicentres and
measuring magnitude.



24.4.2 Strong Motion Sensor Networks

¢ Arrays deployed in urban areas to assess shaking intensities in the built
environment.
e Data helps in retrofitting and seismic zoning.

24.5 Factors Influencing Epicentre Accuracy
24.5.1 Density and Distribution of Seismic Stations

o Sparse networks lead to larger location errors.

e Denser networks improve the accuracy of epicentral coordinates.
24.5.2 Earthquake Depth and Magnitude

o Deep-focus earthquakes make epicentre localization more difficult due to
wave path complexity.
o Larger events produce clearer signals and are easier to triangulate.

24.5.3 Crustal Heterogeneity

e Variations in rock density, fault systems, and geological layers distort wave
paths.
e Requires corrections and calibration of seismic models.

24.6 Epicentre and Earthquake Engineering Applications
24.6.1 Hazard Mapping

o Epicentral data contributes to seismic hazard zoning.

o Helps in land-use planning and building code regulation.
24.6.2 Emergency Response and Risk Mitigation

o Rapid identification of epicentre enables efficient deployment of rescue and
medical resources.
e Used in early warning systems.

24.6.3 Retrofitting and Design Codes

o Epicentre location data informs structural design for earthquake resilience.
e Critical for critical infrastructure like dams, nuclear plants, and bridges.




24.7 Case Studies and Historical Data
24.7.1 Bhuj Earthquake (2001)

¢ Epicentre located near Bhachau, Gujarat.

e Severe damage near epicentre, especially in poorly constructed buildings.
24.7.2 Nepal Earthquake (2015)

o Epicentre near Gorkha district.

e Deep focus and complex geology influenced the destruction pattern.
24.7.3 Indian Seismic Zones and Epicentral Trends

e Zone V: Most severe risk, includes northeast India and parts of the Hi-
malayas.

o Repeated epicentral activity in these zones reflects ongoing plate tectonic
movement.

24.8 Epicentre vs Isoseismal and Intensity Maps
24.8.1 Isoseismal Maps

¢ Contour maps connecting points of equal seismic intensity.

o Epicentre lies at or near the innermost, most intense isoseismal contour.
24.8.2 Intensity vs Distance Relationship

o Epicentral intensity highest, decreases radially outward.
o Helps in validating calculated epicentre against field observations.

24.9 Role in Seismic Zoning and Urban Planning
24.9.1 Microzonation Techniques
o Identification of local epicentral clusters for specific towns or districts.
o Helps refine the regional hazard maps into microzonation units.
24.9.2 Integration into BIS Codes

¢ BIS 1893 and other Indian standards use historical epicentral data for code
updates.
e Regional seismic coefficients are derived from these data sets.




24.10 Modern Advances and Al in Epicentre Detection
24.10.1 Machine Learning in Seismology

e Algorithms process large volumes of seismic data to detect earthquakes
faster and more accurately.

e Al models predict possible epicentral regions based on foreshocks and
tectonic stress maps.

24.10.2 Early Warning Systems

e Japan, Mexico, and California use rapid epicentre detection to trigger
alerts seconds before strong shaking begins.

e Systems rely on P-wave detection to issue warnings before destructive
S-waves arrive.

24.11 Epicentre and Tectonic Plate Boundaries
24.11.1 Correlation with Plate Margins

o Most earthquake epicentres are located along tectonic plate boundaries
(convergent, divergent, and transform).

o Examples:

— Convergent Boundaries: Himalayas, Andes — high seismicity.

— Transform Faults: San Andreas Fault — shallow epicentres.

— Divergent Boundaries: Mid-Atlantic Ridge — moderate but fre-
quent seismic activity.

24.11.2 Intraplate Earthquakes

e Occur away from plate boundaries but can still have damaging epicentres.
o Example: Latur Earthquake (1993), India — epicentre in stable continental
region.

24.12 Depth Classification of Epicentres
24.12.1 Based on Focal Depth

o Shallow-focus Earthquakes (0-70 km): Most destructive, epicentre
close to surface.

o Intermediate-focus (70-300 km): Less damage at surface.

o Deep-focus (300-700 km): Least damage but wide-area wave propagation.



24.12.2 Impact on Ground Motion

¢ Shallow earthquakes = sharper, more localized shaking.
e Deeper events = longer period waves, wider area affected.

24.13 Errors and Uncertainty in Epicentre Location
24.13.1 Instrumental and Human Errors
o Instrument calibration issues or incorrect arrival time readings.
e Time synchronization errors among stations.
24.13.2 Geological and Computational Limitations
e Assumption of uniform Earth models may cause location errors.
e Complex crustal structures affect wave speed and path.
24.13.3 Error Ellipses

o Epicentral uncertainty is often represented as an ellipse around estimated
location.
e Size of ellipse depends on data quality and station geometry.

24.14 Isochron Mapping and Epicentral Distance
24.14.1 Concept of Isochrons

o Lines connecting points of equal seismic wave arrival time from the epicen-
tre.
e Used to study wavefront propagation.

24.14.2 Travel-Time Curves and Distance Estimation

¢ Standardized curves for different wave types help estimate epicentral
distance.
o Essential for seismogram interpretation.

24.15 Epicentre and Earthquake Magnitude Estimation
24.15.1 Magnitude vs. Intensity

 Epicentre helps define magnitude (quantitative) and intensity (qualita-
tive at surface).
¢ Magnitude determined using amplitude and time delay from epicentre.



24.15.2 Modified Mercalli and Richter Scales

o Mercalli: Based on felt effects; strongest at epicentre.
¢ Richter: Based on seismograph readings; requires epicentral distance.

24.16 Real-Time Monitoring and Global Epicentre
Databases

24.16.1 Indian and Global Networks

e India: IMD, IIT-Roorkee, NCS.

¢ Global: USGS, IRIS, EMSC maintain epicentral catalogs.
24.16.2 Role in Engineering and Policy

o Epicentre data used in national building code revisions and seismic
retrofitting programs.
o Vital for risk-sensitive infrastructure planning.

24.17 Future Prospects and Research Directions
24.17.1 Seismic Tomography
¢ 3D imaging of Earth's interior to improve epicentre modeling.
o Helps identify hidden faults and rupture zones.
24.17.2 Earthquake Forecasting and Epicentral Precursors
e Monitoring crustal deformation, radon gas, microseismic activity.
o Epicentre migration studies may indicate upcoming large events.
24.17.3 Integration with Smart City Planning

¢ Real-time epicentral data integrated with smart grids, automated emer-
gency systems, and resilient urban design frameworks.
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