Chapter 25: Hypocentre — Primary

Introduction

In the study of earthquake engineering, understanding the origin and mechanics
of seismic events is foundational. One of the most critical concepts in this field
is the hypocentre—the exact point within the Earth where an earthquake
rupture initiates. This point is often referred to as the focus of the earthquake
and is central to determining the nature, impact, and behavior of seismic waves.
The location of the hypocentre has significant implications in structural analysis,
seismic design, and disaster mitigation planning.

This chapter discusses the hypocentre in relation to earthquake phenomena,
delves into the primary seismic waves generated from it, and explains their
implications for engineering practices.

25.1 Definition and Characteristics of Hypocentre

The hypocentre is defined as the point within the Earth's crust where the
strain energy stored in the rocks is first released during an earthquake, initiating
seismic wave propagation. It lies below the Earth’s surface, and its vertical
projection on the surface is termed the epicentre.

Key Characteristics:

e« Depth Range: Hypocentres can range from a few kilometers to several
hundred kilometers deep.

¢ Location Measurement: Seismologists use triangulation from multiple
seismic stations to pinpoint the location.

o Energy Release Point: This is where the rupture begins, and it often
influences the intensity of the seismic waves near the epicentral region.

e Associated Fault Plane: The hypocentre is located on the fault plane
and marks the initiation point of rupture.

25.2 Classification Based on Depth
Earthquakes are classified based on the depth of the hypocentre:

Classification Depth Range (km)
Shallow-focus 0-70
Intermediate-focus 70 — 300



Classification Depth Range (km)
Deep-focus > 300 (up to ~700)

¢ Shallow-focus earthquakes are most destructive due to proximity to
the surface.

e Deep-focus earthquakes are less damaging but provide important data
about subduction zones and deep Earth structures.

25.3 Seismic Wave Generation at the Hypocentre

The hypocentre is the origin of all types of seismic waves, but most notably
the primary (P) waves and secondary (S) waves.

25.3.1 Primary Waves (P-Waves)

o Nature: Longitudinal/compressional waves.

o Speed: Fastest seismic waves (~5-13 km/s depending on material).

o Direction: Move in the same direction as the particle vibration (push-pull
motion).

e Medium: Travel through solids, liquids, and gases.

e Detection: First to be recorded on a seismograph, useful in determining
hypocentre location.

25.3.2 Role of P-Waves in Hypocentre Location

P-waves provide the first indication of an earthquake at seismic stations. By
analyzing the time difference between P- and S-wave arrivals, seismologists
can determine the distance to the hypocentre from each station. With data from
at least three stations, the exact position can be triangulated.

25.4 Techniques to Determine Hypocentre Location

Determining the hypocentre requires complex geophysical methods and instru-
mental data interpretation. The following are primary techniques:

25.4.1 Triangulation Using P- and S-Waves

¢ By measuring the time lag between P- and S-waves at various seismograph
stations.

o Circles of possible locations are drawn on a map from each station, and
the intersection gives the epicentre. Depth calculations help determine the
hypocentre.



25.4.2 Seismic Tomography

e Uses seismic waves to create 3D images of Earth's interior.
o Enhances precision in locating hypocentres and understanding subsurface
structures.

25.4.3 Inversion Techniques

o Mathematical models are used to fit observed data (arrival times) with
theoretical models.
¢ Results in estimates of location, depth, and fault plane parameters.

25.5 Importance of Hypocentre in Earthquake Engineering
25.5.1 Ground Motion Estimation

e The distance between the hypocentre and a structure (hypocen-
tral distance) significantly affects the amplitude and frequency of ground
motion.

e Deep-focus earthquakes may cause broader but less intense shaking.

25.5.2 Seismic Hazard Assessment

e Helps in preparing hazard zonation maps and assessing site-specific
risks.
o Plays a key role in design basis ground motions (DBGM).

25.5.3 Structural Design Considerations

e Buildings and infrastructure must be designed considering possible
depths and locations of hypocentres in seismically active regions.
o Site response analysis often begins with hypocentre and epicentre data.

25.6 Relationship between Hypocentre and Fault Mechanics

The hypocentre marks the initiation point of fault rupture, but the
rupture can propagate along the fault surface for tens or hundreds of kilometers.
This leads to several important considerations:

¢ Rupture Length vs. Hypocentre: A small rupture near the hypocentre
may produce minor tremors, while larger ruptures can result in major
earthquakes.

e Stress Accumulation and Release: Hypocentre formation is governed
by tectonic stress accumulation and subsequent failure.



e Foreshocks and Aftershocks: These can occur around the hypocentre
area, indicating stress redistribution.

25.7 Case Studies of Major Hypocentre Events
25.7.1 2001 Bhuj Earthquake (India)

e Hypocentre depth: ~16 km

e Magnitude: 7.7 Mw

e Observations: Shallow focus resulted in devastating ground motions
across Gujarat.

25.7.2 2015 Nepal Earthquake

o Hypocentre depth: ~15 km

e Magnitude: 7.8 Mw

o Significance: Destructive shaking due to shallow hypocentre near densely
populated regions.

25.8 Computational Modelling of Hypocentre and Primary
Waves

Advanced computational tools simulate seismic events to predict behavior of
structures:

e Finite Element Models (FEM) simulate how primary waves propagate
from the hypocentre.

¢ Ground Motion Prediction Equations (GMPEs) include parameters
like depth of hypocentre, magnitude, and soil conditions.

e Strong Motion Data Libraries help calibrate these models for local
seismic scenarios.

25.9 Instrumentation and Measurement Tools
To measure and monitor hypocentres and associated seismic activity:

e Seismographs: Detect and record P-waves.

e Strong Motion Accelerographs: Capture high-amplitude ground shak-
ing near the epicentre.

o Global Positioning Systems (GPS): Used for crustal deformation
studies near hypocentral regions.

e Borehole Seismic Arrays: Provide detailed data on subsurface seismic
activity close to fault lines.



25.10 Limitations and Uncertainties in Hypocentre Estima-
tion

e Sparse Station Coverage: Leads to larger uncertainty in hypocentre
depth.

e Complex Fault Geometry: Makes precise location difficult.

e Velocity Model Assumptions: Errors in assumed wave velocity can
affect calculations.

e Near-Source Effects: Non-linear site responses near the hypocentre can
obscure wave signatures.

25.11 Role of Hypocentre in Early Warning Systems

Modern seismic early warning (SEW) systems depend heavily on rapid identifi-
cation of the hypocentre to issue timely alerts.

25.11.1 Principle of Operation
o The P-waves are detected first due to their higher velocity.
e Systems analyze initial P-wave data to estimate:

— Hypocentre location
— Magnitude (preliminary)
— Potential affected region

25.11.2 Application Areas

e Automated shutdown of nuclear reactors, elevators, and gas pipelines
e Alerts for schools, hospitals, and mass transit systems
¢ Mobile-based warnings in seismic-prone regions

25.11.3 System Limitations

e Very short warning times near the epicentre
o Reliability depends on dense and well-distributed seismic networks

25.12 Hypocentre Depth and Site Response Analysis

The effect of an earthquake on a site depends not just on magnitude but also
the depth of the hypocentre.



25.12.1 Amplification Effects

o Shallow hypocentres result in higher-frequency content and stronger
surface shaking
e Deep-focus earthquakes are filtered more by intervening crustal material

25.12.2 Implications for Foundation Design

e Accurate modeling of wave propagation paths from hypocentre helps de-
termine:

— Site amplification factors
— Soil-structure interaction parameters
— Local seismic coefficients

25.13 Hypocentre vs Epicentre: Engineering Implications

While both terms are related, their roles differ in seismic engineering and hazard
assessment.

Parameter Hypocentre Epicentre

Location Below surface (origin Surface projection of
point) hypocentre

Use in Design Ground motion Mapping hazard zones,
modeling, rupture intensity mapping
analysis

Structural Impact Influences wave Closest surface
propagation path point—usually receives

max shaking

e For tall structures, the angle and distance from hypocentre are more
critical than just surface epicentre distance.

25.14 Hypocentre and Magnitude Estimation Correlation
The location of the hypocentre plays a role in the accuracy of magnitude
estimation.
25.14.1 Moment Magnitude (Mw)

e Derived from seismic moment, which depends on:

— Fault area
— Slip



— Shear modulus

The rupture initiating at the hypocentre is factored into seismic
moment computations.
25.14.2 Body Wave Magnitude (Mb)

¢ Calculated using P-wave amplitude
o Highly sensitive to hypocentre depth and medium

25.15 Hypocentre Mapping in Tectonic Studies

Mapping thousands of hypocentres over time helps identify active faults and
tectonic boundaries.

25.15.1 Seismic Zoning

e Hypocentre clusters used to define seismic zones and seismotectonic
provinces

o Useful in:

— Urban planning
— Dam site selection
— Nuclear facility siting

25.15.2 3D Fault Imaging

e Hypocentre distributions give insights into:

— Fault dips
— Subsurface fracture systems
— Megathrust interfaces in subduction zones

25.16 Recent Technological Advancements in Hypocentre
Detection

Technologies have improved the speed and accuracy of hypocentre location
estimation.
25.16.1 Machine Learning Algorithms

o Trained on seismic datasets to auto-locate hypocentres
o (Capable of near-instantaneous detection in dense networks



25.16.2 Dense Seismic Arrays and Nodals

o Arrays like Hi-net (Japan) and USArray (USA) enable ultra-high
resolution tracking
o Help detect microearthquakes and slow slip events

25.16.3 Satellite Remote Sensing

o InSAR (Interferometric Synthetic Aperture Radar) detects ground
deformation patterns
e Used to cross-validate rupture zones and hypocentral depth

25.17 Hypocentre Parameters in Performance-Based Earth-
quake Engineering (PBEE)

In PBEE, the seismic input is not uniform but scenario-based, with the hypocen-
tre being a key variable.

25.17.1 Scenario Earthquake Definition
o Engineers define a “scenario event” with specific:

— Magnitude
— Hypocentre depth
— Fault type

25.17.2 Input for Time History Analysis

¢ Ground motion records are selected or simulated based on:

— Hypocentral distance
— Rupture directionality from hypocentre
— Near-fault effects

25.18 Hypocentre-Driven Code Provisions and Standards
Various earthquake-resistant design codes include parameters linked to hypocen-
tre and focal depth.

25.18.1 IS 1893 (India)

o Design Basis Earthquake (DBE) and Maximum Considered Earthquake
(MCE) based on historical hypocentre data



25.18.2 ASCE 7 (USA)

o Site classification and design spectrum include hypocentral distance factors

25.18.3 Eurocode 8

¢ Soil amplification and seismic zone parameters reflect proximity to historical
hypocentres

25.19 Hypocentre Research Frontiers

Active research areas focus on improving our understanding of hypocentral
processes:

¢ Induced Seismicity: Studying man-made causes like reservoir loading
and hydraulic fracturing

e Foreshock Patterns: Analyzing hypocentre migration for potential pre-
diction

e Deep Earth Hypocentres: Investigating mechanisms of earthquakes
beyond 300 km depth




	Chapter 25: Hypocentre – Primary
	Introduction
	25.1 Definition and Characteristics of Hypocentre
	Key Characteristics:

	25.2 Classification Based on Depth
	25.3 Seismic Wave Generation at the Hypocentre
	25.3.1 Primary Waves (P-Waves)
	25.3.2 Role of P-Waves in Hypocentre Location

	25.4 Techniques to Determine Hypocentre Location
	25.4.1 Triangulation Using P- and S-Waves
	25.4.2 Seismic Tomography
	25.4.3 Inversion Techniques

	25.5 Importance of Hypocentre in Earthquake Engineering
	25.5.1 Ground Motion Estimation
	25.5.2 Seismic Hazard Assessment
	25.5.3 Structural Design Considerations

	25.6 Relationship between Hypocentre and Fault Mechanics
	25.7 Case Studies of Major Hypocentre Events
	25.7.1 2001 Bhuj Earthquake (India)
	25.7.2 2015 Nepal Earthquake

	25.8 Computational Modelling of Hypocentre and Primary Waves
	25.9 Instrumentation and Measurement Tools
	25.10 Limitations and Uncertainties in Hypocentre Estimation
	25.11 Role of Hypocentre in Early Warning Systems
	25.11.1 Principle of Operation
	25.11.2 Application Areas
	25.11.3 System Limitations

	25.12 Hypocentre Depth and Site Response Analysis
	25.12.1 Amplification Effects
	25.12.2 Implications for Foundation Design

	25.13 Hypocentre vs Epicentre: Engineering Implications
	25.14 Hypocentre and Magnitude Estimation Correlation
	25.14.1 Moment Magnitude (Mw)
	25.14.2 Body Wave Magnitude (Mb)

	25.15 Hypocentre Mapping in Tectonic Studies
	25.15.1 Seismic Zoning
	25.15.2 3D Fault Imaging

	25.16 Recent Technological Advancements in Hypocentre Detection
	25.16.1 Machine Learning Algorithms
	25.16.2 Dense Seismic Arrays and Nodals
	25.16.3 Satellite Remote Sensing

	25.17 Hypocentre Parameters in Performance-Based Earthquake Engineering (PBEE)
	25.17.1 Scenario Earthquake Definition
	25.17.2 Input for Time History Analysis

	25.18 Hypocentre-Driven Code Provisions and Standards
	25.18.1 IS 1893 (India)
	25.18.2 ASCE 7 (USA)
	25.18.3 Eurocode 8

	25.19 Hypocentre Research Frontiers


