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CHAPTER 1 

 

 

       1.1 Introduction 

 

India is one of the most disaster-prone countries in the world, vulnerable to a wide 
range of natural and manmade hazards. Approximately 85% of the country’s 
geographical area is susceptible to one or more types of disasters, and about 57% 
lies in zones classified as seismically active according to the Bureau of Indian 
Standards (BIS) including densely populated regions such as the national capital. 
Earthquakes with a magnitude greater than 5.5 on the Richter scale can cause 
significant damage to life and property. Most large earthquakes occur near tectonic 
plate boundaries; in India’s case, the continent-continent collision between the 
Indian and Eurasian plates is the primary driver of seismic activity. The Indian 
plate is moving northward and subducting beneath the Eurasian plate, especially 
along the Himalayan arc in the east and northeast. However, intra-plate seismicity 
within the Peninsular Shield—previously considered stable—also contributes to 
the country's earthquake vulnerability. As a result, the Indian subcontinent, 
located at the convergence of major tectonic plates, has experienced some of the 
world’s most intense and damaging earthquakes. 
 
India has witnessed several destructive earthquakes in recent history, causing 
widespread loss of life and property. The 2001 Bhuj earthquake in Gujarat (M 7.7) 
stands out as one of the most devastating, resulting in over 20,000 deaths and 
extensive damage. The 2005 Kashmir earthquake and the 2015 Nepal earthquake, 
though centred outside India's borders, had significant impacts in northern states 
such as Jammu & Kashmir, Bihar, and Uttar Pradesh. Although Peninsular India 
is considered part of the stable continental region is generally considered less 
seismically active, it has not been immune to seismic events. The historic 1900 
Coimbatore earthquake (M ~6.0) remains the most significant in the region, and 
more recent moderate tremors, such as the 2001 Salem earthquake and the 2009 
Bijapur earthquake, highlight the presence of active fault systems. These events 
underline the need for seismic preparedness and Microzonation efforts across both 
high-risk and moderate-risk regions of the country. Figure 1.1 illustrates some of 
the major earthquakes that have impacted India, while Table 1.1 provides a 
corresponding summary. These events have caused significant loss of life and 
extensive damage to property. 
 
Earthquake ground motion depends on several factors, including the earthquake’s 
magnitude, distance from the epicenter, and local site conditions such as soil type 
and topography. Soil amplification can significantly increase ground shaking, 
particularly in regions with soft alluvial deposits, as seen in parts of the Indo-
Gangetic Plain. Importantly, even distant earthquake sources can cause substantial 
damage due to regional geology and wave propagation effects. A notable global 
example is the 1985 Mexico City earthquake, where severe damage occurred far 
from the epicenter due to local site amplification. In the Indian context, this is 
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especially concerning, as more than 50% of the country lies in zones classified as 
vulnerable to damaging earthquakes, including the highly populated and 
seismically active regions of the Himalayas, northeast India, Kutch, and parts of 
the Indo-Gangetic Basin. According to the latest seismic zoning map of India 
provided by the Bureau of Indian Standards (BIS IS 1893(1), 2016), over 57 percent 
of the country is prone to an earthquake of intensity Modified Mercalli Intensity 
Scale (MMI) VII or more. India has had several world's most significant 
earthquakes in the last 100 years. 
 

        Table 1.1: Some significant Earthquakes in India (Source: National Center for Seismology) 

 

    

       1.2 Principles of Seismic Microzonation 

 

Assessing the hazard itself is a preliminary process of reducing the effects of an   
earthquake. The earthquake damage depends on three factors: earthquake source   
and path characteristics, local geological and geotechnical site conditions, 
structural design, and construction features. Seismic microzonation should 
address the assessment of the first two groups of factors. In general terms, seismic 
microzonation estimates the response of soil layers to earthquake excitations. Thus, 
the variation of earthquake characteristics is represented on the ground surface. 

DATE LAT(0N) LONG(0E) LOCATION MAGNITUDE 

16-June-1819 23.6 68.6 Kutch, Gujarat 8.0 

10-June-1869 25 93 Near Cachar, Assam 7.5 

30-May-1885 34.1 74.6 Sopor, J&Ks 7.0 

12-June-1897 26 91 Shillong Plateau 8.7 

04-Apr-1905 32.3 76.3 Kangra, HP 8.0 

08-Jul-1918 24.5 91 Srimangal, Assam 7.6 

02-Jul-1930 25.8 90.2 Dhubri, Assam 7.1 

15-Jan-1934 26.6 86.8 Bihar- Nepal Border 8.3 

26-Jun-1941 12.4 92.5 Andaman Island 8.1 

23-Oct-1943 26.8 94 Assam 7.2 

15-Aug-1950 28.5 96.7 Arunachal Pradesh China Border 8.5 

21-Jul-1956 23.3 70 Anjar, Gujarat 7.0 

10-Dec-1967 17.37 73.75 Koyna, Maharashtra 6.5 

19-Jun-1975 32.38 78.49 Kinnaur, HP 6.2 

06-Aug-1988 25.13 95.15 Manipur-Myanmar Border 6.6 

21-Aug-1988 26.72 86.63 Bihar- Nepal Border 6.4 

20-Oct-1991 30.75 78.86 Uttarkashi, Uttarakhand  6.6  

30-Sep-1993 18.07 76.62 Latur-Osmanabad, Maharashtra 6.3 

22-May-1997 23.08 80.06 Jabalpur, Madhya Pradesh 6.0 

29-Mar-1999 30.41 79.42 Chamoli, Uttarakhand 6.8 

26-Jan-2001 23.4 70.28 Bhuj, Gujarat 7.7 

08-Oct-2005 34.49 73.15 Kashmir 7.6 
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Seismic microzonation is the initial phase of earthquake risk mitigation and 
requires a multidisciplinary approach with significant contributions from geology, 
seismology, and geotechnical engineering (Mishra et al. (2022) at detailed scales 
(1:10,000 and 1:25,000) to support earthquake-risk-resilient urban planning and 
infrastructure design. 
 
Seismic Microzonation falls into the category of applied research. That is why it 
needs to be upgraded and revised based on the latest information. Microzonation 
is defined as a region's subdivision into zones with relatively similar exposure to 
various earthquake-related effects. This exercise is identical to the macro-level 
hazard evaluation. Still, it requires more rigorous input about the site-specific 
geological conditions, geotechnical characteristics of the site, ground responses of 
soil column to earthquake motions and their effects, ground conditions which 
would enhance the earthquake effects like the liquefaction of soil, the groundwater 
conditions and the static and dynamic characteristics of foundations or stability of 
slopes in the hilly terrain. 
 
Local geology plays a vital role in changing the characteristics of seismic waves. In 
general, large amplitude and long durations of ground motion have been observed 
on thick water-saturated unconsolidated materials. In the State Earthquake 
Investigation Commission report on the California earthquake of 18 April 1906, 
Wood (1908) concluded that the amount of damage produced by the earthquake 
depended mainly upon the geological character of the ground. 
 
Earthquake ground motion hazard estimation requires detailed modelling of 
seismic sources, earthquake recurrence intervals, prediction of maximum credible 
or scenario earthquakes, ground motion attenuation relationships, and the 
probability of ground motion occurrence at specific sites, supported by strong 
motion seismometry data across the region. Seismic sources in India are delineated 
based on interpretations of available geological, geophysical, and seismological 
data, considering the tectonic complexity and diverse earthquake mechanisms 
prevalent in different parts of the country. While seismic source zones are generally 
defined using geological structures and active faults, uncertainties remain due to 
incomplete knowledge of causative faults, especially in intraplate regions of 
Peninsular India (Thenhaus, 1983). To address the ambiguity in defining seismic 
source boundaries, approaches like seismicity smoothing (Frankel, 1995; Frankel et 
al., 1996, 2000) and fractal models of distributed seismicity (Woo, 1996) provide 
useful frameworks. In India, both well-defined fault zones, such as the Himalayan 
collision zone and the Kutch rift, as well as broader area sources within stable 
continental regions, contribute to seismic hazard. Similar to the central and eastern 
United States, Peninsular India represents a stable continental interior region 
(Johnston et al., 1994), where seismicity is diffuse and hazard estimation relies 
heavily on area source zones alongside mapped faults. 
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  Figure 1.1: Some Significant Earthquakes in India (see in Table: 1.1) 

 

1.3 Objectives and Deliverables 

 

A typical microzonation research aims to achieve and assimilate several of the 
following aspects in evaluating seismic hazard and building up levels of seismic 
microzonation of an urban centre. 
1) Establish the geological and geomorphological units of the region and 

surrounding areas, including the lithological characteristics and Seismic & 
Engineering Bedrock configurations at different locations. 
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2) Evaluate spatial variation of shear wave velocity (i.e., average VS profiles) 
through geophysical survey, geotechnical borehole logging, and HVSR 
modelling to develop a shallow subsurface stratigraphic information database. 

3) Evaluate the spatial distribution of the predominant frequency of the soil 
through Nakamura's technique. 

4) Establish seismic (ground) response through theoretical and numerical 
modelling of wave propagation to identify amplification effects associated with 
near-surface ground motions from alluvium deposits during an earthquake, 
during which critical facilities and infrastructure are expected to remain 
operational. 

5) Determine the ground motion parameters, such as peak ground 
acceleration/velocity distribution at different locations. Determine the ground 
response spectrum, duration, and time history of earthquake inputs. 

6) Classify site based on shear wave velocity model and geotechnical assessments. 
7) Assess the liquefaction potential from the detailed borehole geotechnical data 

and shear wave velocity profiles using suitable model studies. Identification of 
the threshold value, maximum epicentral distance, and depth based on field 
and laboratory studies. 

 

1.4 Seismic Bedrock and Engineering Bedrock 

 

The seismic waves are generated due to the shear dislocation of the seismic source 
fault. They suffer the influences of the materials through which they propagate and 
arrive at the ground surface (figure 1.2). In general, earthquakes of a larger 
magnitude and the shorter distance from the seismic source to the observation site 
induce stronger ground motion. Besides the magnitude and the distance, the 
ground characteristics must be considered because they strongly relate to 
earthquake disasters due to the amplification of seismic waves in the soft deposit. 
For estimating site effects (local soil and topographical effects) and induced 
impacts (land instability and liquefaction), the knowledge of bed rock where 
ground motion is applied is required. Bedrock can be divided into two types: 
seismic bedrock and engineering bedrock. Seismic bedrock has a shear wave 
velocity of more than 3000 m/s and is used for earthquake simulation and 
modelling. Seismic bedrock characteristics are included in ground motion's source 
and path effects. Engineering bedrock is the rock with a shear wave velocity of 700 
m/s and above, where engineers usually rest their deep foundations. 
 
 
1.5 Seismic Zonation 

 

Seismic zonation is the process by which areas are subdivided into seismic zones 
based on the historical and predicted intensity of ground motion, expressed in 
terms of the peak horizontal ground acceleration or velocity. Seismic design 
requirements for structures are generally constant within a seismic zone. Seismic 
zonation of ground motion in Canada and the United States for building codes is 
done using probabilistic models consisting of seismogenic zones and recurrence 
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relations for earthquakes within those zones, based primarily on historical records 
and limited geologic evidence of seismicity. Ground motion at any location is 
estimated using basic probabilistic procedures developed by Cornell (1968) based 
on seismogenic zone activities and local attenuation functions. Shaking intensity is 
usually characterized as peak horizontal ground acceleration or velocity for rock 
or firm ground at a given probability of exceedance or return period. 

  

1.6 Seismic Hazard 

 

Seismic hazards are defined as those earthquake-related geologic processes that 
have the potential to "produce adverse effects on human activities", whether the 
threat is to live, constructed works, or real estate. For example, seismically induced 
liquefaction is considered a seismic hazard, as are the associated ground 
displacements. However, a fire caused by a gas main ruptured by liquefaction-
induced ground displacement is not since it is not strictly a geologic process. 
Ground motion, the definitive characteristic of earthquakes, is a seismic hazard 
that causes damage to structures directly, by vibration, or indirectly by inducing 
other seismic hazards such as liquefaction and landslides. 

 

1.7 Liquefaction 

 

Liquefaction refers to the loss of shearing resistance or the development of 
excessive strains resulting from transient or repeated disturbances of saturated 
cohesionless soils. Liquefaction-induced horizontal ground movements can range 
from minor oscillations during ground shaking with no permanent displacement, 
to small permanent displacements, to lateral spreading and flow slides. Flow slides 
and submarine slope failures, presumed to be caused by liquefaction, are included 
in this category for convenience of analysis and mapping. Liquefaction can also 
induce vertical ground movements (settlement) by rearrangement of loose soils 
into a denser configuration. 
 

1.8 Amplification of Ground Motion 

 

The localized amplification of ground motion due to subsurface or topographic 
conditions at a site is considered a seismic hazard over and above the firm ground 
seismic motions of the area. Amplification of ground motion often occurs at sites 
overlain by thick, soft soil deposits, especially when the predominant period of the 
earthquake motions matches the predominant period of the ground. The 
fundamental phenomenon responsible for amplifying motion over soft sediments 
is the trapping of seismic waves due to the impedance contrast between sediments 
and the underlying bedrock. The interference between these trapped waves leads 
to resonance patterns, the shape and frequency related to the structure's 
geometrical and mechanical characteristics. While these resonance patterns are 
straightforward in the case of 1D media (vertical resonance of body waves), they 
become more complex in the case of 2D and fortiori 3D structures. 
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1.9 Assessment of Ground Motion 

 

Assessment of ground motion is the first step of earthquake damage assessment 
and generally consists of two processes, as shown in figure 1.2. The first process is 
the assessment of ground motion on engineering bedrock, and the second process 
is the assessment of site-effects. When both processes are calculated, ground 
motion at the surface can be evaluated. The first process is further divided into two 
processes into several assessments (e.g., Midorikawa and Kobayashi, 1979). 

 

1.10 Seismic Microzonation  

 

Seismic microzonation involves the division of a region into sub-regions in which 
different safeguards must be utilized to reduce or prevent damage, loss of life, and 
societal disruptions during future earthquakes. Seismic microzonation and hazard 
mitigation programs necessitate focused strategic research leading to the 
preparation of user-friendly maps describing the current state-of-the-art 
knowledge about the site-specific ground shaking with their duration, frequency 
content, peak ground velocity and acceleration, as well as energy attenuation as a 
function of earthquake magnitude, epicentral distance and faulting mechanism. 

 
The zonation map of India presents a large-scale view. The site behaviour during 
an earthquake due to local variations in soil type and geology cannot be 
interpreted from it. Earthquake disasters are inevitable, but it is possible to 
minimize an earthquake's aftermath if the zones more susceptible to undergoing 
maximum ground motion are identified. Seismic microzonation seems to answer 
the need for mitigation against seismic hazards as it gives a real answer regarding 
ground motion at a higher resolution. Rapid urbanization is a factor that calls for 
the construction of mega-structures, and the main reason for human loss and 
property damage is when due importance is not given to adequate preparation for 
possible hazards. Seismic microzonation is needed in urban areas or the upcoming 
urban areas falling under the high-hazard zone. 

 
The development of seismic microzonation of major urban centres has been 
recognized as a priority area of seismic mitigation programs in India. Twenty-
seven cities in India have a population of one million or more. These 27 cities 
contain 25.6% of the country's total urban population. This is compounded by the       
fact that while geographically, 57.1% of the country area is under seismic zones III, 
IV, and V of BIS Seismic Zonation Map of India (IS 1893(1), 2016), 66% of the 
population and 63% of the housing are located within these zones. The three Indian 
metro cities, Mumbai, Kolkata and New Delhi, are listed amongst the 20 largest 
urban agglomerations in the world. Their existence in Seismic Zones III and IV 
places them at moderate damage risk (MSK VII) in zone III to high damage risk 
(MSK VIII) in zone IV. 
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Figure 1.2: Schematic illustration of wave propagation through engineering bedrock and 
surface soil. The 1st Process: Wave propagation in engineering bedrock. The 2nd Process: 
Wave propagation in surface soil (Source: https://iisee.kenken.go.jp/net/yokoi 
/methodology /StrongMotion.htm) 

 
India's first seismic microzonation study was initiated in 1998 for Jabalpur city    
just after the 1997 Jabalpur earthquakes. A committee comprising 
multidisciplinary organizations such as the Department of Science and Technology 
(DST), Geological Survey of India, India Meteorological Department, IITs, and 
many academic and research Indian Institutions were involved in preparing the 
detailed seismic hazard map by studying the seismic microzonation of Jabalpur 
city. On November 2005, the reports of seismic microzonation of Jabalpur and NCT 
Delhi on 1:50,000 scales were released. Both the reports were so nicely prepared 
that no stone was unturned on seismic hazard estimation for these cities. Later on, 
at 1:10,000 scale, a detailed seismic microzonation study of NCT Delhi was 
conducted, including seismological, geotechnical, and geophysical investigations. 
Through this study, enormous geotechnical and geophysical data of NCT Delhi on 
close spacing were collected by shallow and deep drilling to estimate the strength 
of the soil, and soil response analysis was conducted using a state-of-the-art 
method. On March 2016, the abridged report Seismic Hazard and Risk 
Microzonation (SHRM) of NCT Delhi on 1:10,000 scales was released by the 
Ministry of Earth Sciences. By seeing the importance of the product of the Seismic 
Hazard and Risk Microzonation study of NCT Delhi on 1:10,000 scale, the Ministry 
of Earth Sciences, Government of India has taken the follow-up action of seismic 
microzonation to other cities in India that are lying under the seismic hazard zone 
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of III, IV and V with the population density of more than half a million. NCS-MoES 
has prepared Hands-on Manual on seismic microzonation steps and following this 
manual detailed microzonation studies of the cities such as Sikkim, Guwahati, 
NCT Delhi, Kolkata, and Bangalore are completed. Following this manual, the 
National Centre for Seismology- Ministry of Earth Sciences (NCS-MoES) has taken 
a flagship program on "Seismic Microzonation of 30-Indian Cities". In this report, 
detailed seismic microzonation studies of Coimbatore, which is one of the 30 cities 
in India, are explained. 

 
Figure 1.3 shows the Coimbatore Map extracted from the seismic zoning map of 
India (IS: 1893, 2002(1)), and it falls under Seismic Zone III with its zone factor 0.16 
(IS: 1893). The existing code of the BIS suggested that the zone factor and the 
normalized response spectra for three types of soil categories (rock, soft rock, and 
soft soil) can be used to construct reinforced concrete (RC) or other types of 
structures across the country. However, these zone factor’s values are not 
estimated based on actual ground motion or theoretically based on probabilistic 
and deterministic seismic hazard analysis (PSHA/DSHA), resulting in extensive 
structural damages observed when the big earthquake struck in populated urban 
or rural areas. We may recall January 26, 2001, Bhuj earthquake and significant 
structural damages occurred around 350 km radial distance, including 
Ahmadabad. However, the structures were built with the same material quality as 
IS code. 

 
 Coimbatore, known for its thriving textile industries, engineering enterprises, 

premier educational institutions, and fast-growing urban infrastructure, holds a 
prominent place in southern India’s development landscape. Located in Seismic 
Zone III as per the Bureau of Indian Standards (BIS), the city is moderately prone 
to seismic hazards. Though not in the highest risk zone, the combination of active 
urban expansion, varied geological formations, and increasing high-rise 
constructions necessitates a detailed understanding of local ground behaviour 
during earthquakes. The presence of critical infrastructure such as hospitals, 
industrial units, dams, and transportation networks further underscores the need 
for scientific planning and disaster risk mitigation. Seismic microzonation becomes 
crucial in this context, as it provides a finer-scale evaluation of seismic hazards by 
integrating geological, geotechnical, and seismological data. This enables the 
identification of zones with varying levels of seismic vulnerability within the city, 
supporting earthquake-resistant design, land-use regulation, and informed 
decision-making by civic authorities and urban planners. Moreover, with 
Coimbatore being part of the Smart Cities Mission, seismic microzonation 
contributes significantly to building a resilient and sustainable urban environment 
by reducing potential damage and ensuring the safety of life and property during 
seismic events. 

 
It is located at 11°1′6″N: 76°58′21″E in south India at about 411m (1349 ft) above sea 
level on the banks of the Noyyal River. The city is surrounded by the Western 
Ghats mountain range on the west and north, with reserved forests and the Nilgiri 
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Biosphere Reserve on the northern side. The eastern side of the district, including 
the city is predominantly dries. The entire western and northern part of the district 
borders the Western Ghats with Nilgiri biosphere as well as Annamalai and 
Munnar ranges. 

 

Figure 1.3: Earthquake zone of India (after IS 1893, 2002). About 60% of India's landmass 
is a high-risk zone III, IV, and V.  Bottom right is the seismic zonation map of Coimbatore 
city (seismic zone III) 

 
A western pass to Kerala, popularly referred to as the Palghat Gap provides the 
western boundary to Coimbatore. Coimbatore is the second largest city in Tamil 
Nadu after Chennai and the 16th largest urban agglomeration in India as per the 
census 2011 a population of over a million. It covers an area of 105.5 km2.  

  

According to the Bureau of Indian Standards, Coimbatore falls under the Class III   
Seismic Zones (IS 1893 (1), 2016), having experienced an earthquake of magnitude 
Mw = 6.3 on the Richter scale on 8 February 1900. Coimbatore has not experienced 
major earthquakes after 1900. Two earthquakes, each with a magnitude of around 
5.0 on the Richter Scale, in Idukki and Coimbatore districts were observed in 
December 2000 and January 2001, respectively. 

 
The vulnerability assessment of any city deals with socioeconomic, housing and 
environmental vulnerability. Coimbatore is a highly industrialized city and is 
exposed to multiple hazards, which may result in disaster if they are not 
appropriately controlled. In this context, a process of classifying the given 
geographic domain into the small units of Hazard level, such as Peak Ground 
Acceleration/Spectral Acceleration and hazard nature, such as susceptibility to 
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liquefaction and slope failure, by estimating the response of soil layers under 
earthquake excitations and thus the variation of earthquake ground motion 
characteristics on the ground surface, and provides hazard parameters such as 
frequency-dependent accelerations at each site at bedrock level on future seismic 
shaking, site amplification due to soft sediment present at the site, probable 
manifestation of earthquake hazard in terms of induced ground fissuring, land 
deformation-landslide & liquefaction is one of the essential tools for disaster 
mitigation planning, as it can minimize disaster impacts of an earthquake. The 
seismic Hazard Microzonation of Coimbatore city is for societal use, with specific 
objectives for evaluation of Site-specific risk analysis and actual applications in 
land use planning and formulation of site-specific design and construction criteria 
for the buildings and structures towards minimizing the damage to property and 
loss of life caused by the earthquakes. 

 
The assessment of seismic hazard in the city of Coimbatore is presented in 10 
chapters. Chapter 1 introduces the city's location, population, level of seismic 
hazard, and previous research. Chapter 2 details the geology and geomorphology 
of the area. Chapter 3 explains the seismotectonics and seismicity of Coimbatore. 
Chapter 4 covers the ambient-noise survey, generating peak amplification factors 
and peak frequencies. Chapter 5 describes the comprehensive geotechnical and 
geophysical surveys conducted across the city. Geotechnical drilling and soil 
sampling were carried out down to 30 meters or until rock strata were encountered, 
with 75% RQD collected from the bottom 3 meters after alluvial drilling. Standard 
penetration tests (SPT) and undisturbed samples (UDS) were collected alternately 
down to 30 meters. Dynamic cone penetration tests (DCPT), seismic cone 
penetration tests (SCPT), and advanced laboratory tests such as direct shear, tri-
axial, resonant column (RCT), and cyclic tri-axial tests (CTT) were also conducted. 
Routine laboratory tests, including grain size analysis, sieve, and 
hydrometer/pipette analysis, were performed to classify the soil into categories 
such as well-graded sand and gravel (SW-GW), poorly graded sand (SP), low 
compressibility clay (CL), intermediate compressibility silt or clay (MI-CI), and 
high compressibility clay or silt (CH and MH). Clayey sand was classified as SC. 
Liquid limit, plastic limit, and dry and wet densities were estimated under drained 
and undrained conditions. Direct shear and tri-axial tests were conducted under 
three conditions: unconsolidated undrained (UU), unconsolidated drained (UD), 
and consolidated undrained (CU) to determine the soil column's strength, 
estimating the coefficient of cohesion (C) and internal angle of friction (φ). 

  
Chapter 5 also explains in detail subsurface in-situ velocities of P-wave and S-wave 
using the geophysical surveys (1) Multichannel analysis of Surface waves (MASW) 
and (2) Downhole seismic surveys (DHT). Probabilistic seismic hazard analysis 
(PSHA) is explained in Chapter 6. This chapter explains in detail the estimation of 
ground motion at the rock level from 10% probability of exceedance of ground 
motion at 50 years and 2% probability of exceedance at 50 year whose earthquake 
return period of 475 and 2475 years, respectively. These two types of ground 
motion, former is known as Design based earthquake (for Earthquake Return 
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Period (T) of 475 years) and later one is called the maximum creditable earthquake 
(for Earthquake Return Period (T) of 2475 years). These two-occurrence periods of 
earthquakes are much more useful for designing from normal structure to critical 
structures for designing earthquake risk resilient structures.  The spatial variation 
of Peak ground accelerations in terms of PGA and spectral acceleration at 0.2s and 
1.0s for Earthquake Return Period (T) of 475 years and for Earthquake Return 
Period (T) of 2475 years are produced for the entire city with few earmarked 
localities are shown in this chapter. 
 
Chapter 7 delves into soil response analysis using state-of-the-art software 
(SHAKE/DYNEQ). This software transfers rock-level ground motion through 
local soil conditions to generate surface-level ground motions, expressed in terms 
of PGA, spectral accelerations, site-specific design response spectra, and 
normalized design response spectra. The vertical variation of PGA is also obtained. 
Layer-wise soil investigation parameters such as Vs, density, fineness contents 
(FC), thickness, material properties, and water table (WT) levels are input into the 
software to estimate surface-level soil responses using equivalent linear methods. 
The analysis also considers soil non-linear behaviour during earthquakes to 
determine site-specific hazard levels. SPT (N-Values) are converted into Vs using 
empirical relationships outlined in the EREC/NCS microzonation report (2016). 
The resulting amplification factors, surface-level PGA maps, and design response 
spectra are invaluable for disaster management, aiding in city planning, 
earthquake-resistant construction and retrofitting existing structures. 
 
Chapter 8 is indicating the method of liquefaction study. Soil liquefaction is 
conducted for the few representative sites based on shear wave velocity suggested 
by Andrus et al (1999). The simplified procedure suggested by Seed and Idriss 
(1971) and further recommendation of Youd et al. (2001) is used for estimation of 
cycle stress ratio (CSR), Cyclic resistance ratio (CRR) and Magnitude scale Factor 
(MSF) and stress reduction factors etc. The liquefaction hazard maps are generated 
for Coimbatore based on the factor of safety (FS) for both of for Earthquake Return 
Period (T) of 475 years and for Earthquake Return Period (T) of 2475 years 
condition depth at 1.5 m depth 4.5 m depth and 7.5 m depth.  Water table Map is 
generated for the Coimbatore city based on the water table measurement obtain in 
27 boreholes which is used for liquefaction study. 
 
Chapter 9 contains a hazard index map of Coimbatore city that is generated based 
on the Analytical Hierarchy Procedure (AHP) suggested by Satty (1980) after the 
idea of multiple criteria decision making was based on the concept of McHangs 
(1968) for which all the hazard criteria like Engineering bedrock (EB), surface 
ground motion (PGA), Liquefaction (LQ), Peak Frequency (Pf), Peak Amplification  
factor (PA), Geology and Geomorphology map (GG) and Vs(30) are  summed up 
to give a single values after giving appropriate weight of the each hazard 
parameters which is optimized for single use hazard map in terms of  Hazard index 
Map. 
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Chapter 10 explains about the salient observations along with the detailed view on 
the result discussions and conclusions of the Microzonation studies conducted in 
the city of Coimbatore.  

 

  1.11 Methodology 

 

To execute the detailed seismic microzonation study, we first use high-resolution 
Toposheets of Coimbatore city composed of many sub-Toposheets of the Survey 
of India (SOI). On this SOI map, different thematic layer parameters are assigned, 
such as (1) Geology and Geomorphology (GG), (2) Microtremor (peak 
amplification factor (PA) and predominant frequency (PF), (3) Seismicity and 
Seismo-tectonics (4) Geotechnical and Geophysical and (5) the water table 
information. The seismicity and Seismotectonic map of Coimbatore city is updated 
using the recent past earthquake epicentre’s locations and magnitudes, geological 
faults, and lineaments in and around 300km radial distance from Coimbatore city. 
In the detailed seismic hazard analysis using Gutenberg and Richter (1944), the 
hazard parameters (a, b, and Mmax) are estimated, and site-specific ground motions 
are estimated across Coimbatore city at the rock level using the standard 
attenuation models between the known source to sites.    

 
At the rock level, the peak ground acceleration (PGA) and spectral accelerations 

(SA's) are derived using a state-of-the-art Probabilistic Seismic Hazard Analysis 

(PSHA) and the Deterministic Seismic Hazard Analysis (DSHA) methods. Using 

these Design spectra (PGA and SA's) at the rock level, the acceleration time series 

are generated using the Fourier inversion (FT) technique and considered as the 

input ground below the alluvium deposited sites. Its response is obtained at the 

surface level. The alluvium deposited sites are generally more vulnerable to 

earthquake wave propagation, producing soil amplifications in many folds 

concerning the rock site due to the sudden impedance contrast between the shear 

wave velocities at the rock to the shear wave velocity at new deposits sites. 

Therefore, more detailed site-specific geotechnical and geophysical investigations 

are done to measure the physical properties of the soil in terms of soil stiffness, 

shear wave velocity (Vs), density and damping, standard penetration test (blow 

counts, N), etc. The geotechnical and geophysical investigations provide 

information on engineering bedrock depth (EBR), Vs(30) is the average shear wave 

velocity up to 30m.The bottom layer parameters produce surface level PGA and 

SA's, such as Vs, density, WT, material types (Sand, Clay, Silt, etc.), and earthquake 

(input ground motions). The surface level PGA, along with the water table used to 

obtain the potential liquefaction (LQ) Hazard on that site. The GIS-based different 

thematic maps are generated, such as Maps of the GG, PGA, Vs(30), EBR, LQ, PA, 

and PF (figure 1.4). 
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Figure 1.4 A holistic model for assessing Coimbatore’s seismic hazard and risk microzonation study 
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CHAPTER 2 

Geology and Geomorphology  

 

  2.1 Geology of Peninsular India 

 

The Earth's surface is a canvas of varied physical features like mountains, valleys, 
plateaus and deserts, shaped over millions of years by geological processes    
including weathering, erosion, sedimentation, volcanism, tectonic activity, and 
shifts in sea levels. In India, this geo-diversity manifests in three distinct regions. 
The Peninsular Shield, an ancient and stable geological expanse, lies south of the 
Indus and Ganges plains. The Indo-Gangetic alluvial plains stretch across northern 
India, from Assam and Bengal in the east to Punjab and Sind in the west. The Extra 
Peninsula encompasses the towering Himalayan ranges and their extensions into 
Baluchistan and Burma. These regions reflect a rich geological history, with rocks 
dating from the Precambrian era to the Holocene epoch. 

 
Peninsular India is a complex tapestry of Archean cratonic nuclei, intricately joined 
by Archean-Proterozoic orogenic belts. The Dharwar Craton, the southernmost 
cratonic block, stands out in this mosaic. South of this craton lies the Southern 
Granulite Terrain (SGT), an area predominantly composed of granulite facies 
rocks. This term arose from the geological composition of the region, despite 
varying terminologies used in different studies (Radhakrishna, 1989), due to 
historically limited understanding of its geological and tectonic framework. Earlier 
research often viewed the southern extremity of Peninsular India as a vast mobile 
belt encircling the Dharwar Craton (figure. 2.1a), with the area south of the craton 
considered a single entity, demarcated in the north by the ortho-pyroxene-in 
isograd, also known as the Fermor line (figure. 2.1b). Figure. 2.1c presents a more 
detailed tectonic subdivision of the SGT, revealing crustal blocks such as the 
Nilgiri, Madras, Madurai, Trivandrum, and Nagercoil blocks. These blocks are 
separated by key shear and suture zones—Moyar-Bhavani (MBSZ), Palghat-
Cauvery (PCSZ), and Achankovil (ACSZ)—which record major tectonic events 
including accretion and crustal reworking during the Precambrian. 
 
Initially, the Southern Granulite Terrain (SGT) was defined as the region south of 
the Palghat-Cauvery Shear Zone (PCSZ), while the area extending northward up 
to the southern edge of the Dharwar Craton was termed the Northern Block. 
However, this terminology has caused some confusion because many areas 
between the Dharwar Craton and the PCSZ also predominantly consist of granulite 
facies rocks. Recent research, including studies by Santosh et al. in 2015 and 2017, 
has redefined the SGT to encompass the entire region south of the southern margin 
of the Dharwar Craton. This updated classification provides a clearer 
understanding by considering the geological continuity of granulite facies rocks 
throughout the broader area (figure. 2.2). 
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Figure 2.1: (a) Indian sub-continent showing the major cratons and orogenic belts 

conceived as mobile belts. Note that the southern part was defined as a single unified 

mobile belt, termed the Southern Granulite Mobile Belt (b) The Fermor line and 

orthopyroxene isograd in southern India, considered to mark the boundary of a single and 

unified high-grade metamorphic terrane to the south (c) The emergence of the concept that 

southern India comprises distinct crustal blocks dissected by major shear/suture zones 

(Harris et al., 1994; Santosh et al., 2003)  
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Figure 2.2. The current concept on the tectonic framework of southern India where the 

Southern Granulite Terrane is defined as the region south of the Dharwar Craton, 

comprising various crustal blocks amalgamated along zones of subduction and collision. 

The Madurai Block at the center is a composite block composed of three sub-blocks 

(Santosh et al., 2017). The Coorg Block in the north is considered as an ‘exotic’ Mesoarchean 

block (Santosh et al., 2015) 
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The Southern Granulite Terrain (SGT) has a long and complex geological evolution 
spanning from the early Archean to the late Neoproterozoic (3500–550 Ma), 
characterized by multiple deformation events, anatexis, intrusive activity, and 
polyphase metamorphism (Bartlett et al., 1998; Bhaskar Rao et al., 2003). Major 
outcropping formations in the SGT (figure. 2.3) include large charnockitic massifs, 
khondalites, supracrustal sequences, and gneissic complexes intruded by 
mafic/ultramafic bodies, granites, and alkaline plutons (Mahadevan, 2003). 
Alkaline intrusions and dyke swarms from the late Mesozoic period reflect long-
lived magmatic activity spanning from the late Proterozoic to early Paleozoic 
(Rajesh and Santosh, 2004), broadly contemporaneous with Pan-African tectonic 
events in Gondwana fragments (Kröner, 1981; Santosh et al., 1994). Younger 
Neogene and Quaternary sediments are found in the northern and southern coastal 
fringes of the SGT (Radhakrishna and Mathew, 1995). 
 
Structurally, the SGT is divided into three blocks by major Neoproterozoic shear 
zones, with a distinct change in trend from N–S in the Dharwar Craton to E–W in 
the SGT (Drury and Holt, 1980). The northern block comprises the Dharwar Craton, 
containing low-grade greenschist to amphibolite facies rocks, and granulitic 
massifs. It is separated from the central Nilgiri–Madras Block by the Bavali–Moyar 
Shear Zone (BMSZ), a tectonic boundary that distinguishes Archean terrains to the 
north from Neoproterozoic mobile belts in the south (Gopalakrishnan, 1996). The 
central block, bounded by the Palghat–Cauvery Shear Zone (PCSZ) to the south, 
consists largely of gneisses and marks the metamorphic transition between low- 
and high-grade terrains. 
 
The southern block lies south of the PCSZ and includes the Madurai Granulite 
Block (MGB) and the Kerala Khondalite Belt (KKB), separated by the NW–SE 
trending Achankovil Shear Zone (ASZ) (Drury et al., 1984; Srikantappa et al., 1985; 
Yoshida et al., 1999). The MGB is distinguished by evidence of ultrahigh-
temperature metamorphism, multi-stage exhumation, and the presence of the 
Karur–Kambam–Painavu–Trissur Shear Zone (KKPTSZ) (Raith et al., 1999; Satish 
Kumar, 2000; Ghosh et al., 2004). The KKB contains characteristic rock types such 
as garnet–biotite–sillimanite gneiss (khondalites), garnet–biotite–
quartzofeldspathic gneisses, migmatites, and charnockites (Guru Rajesh and 
Chetty, 2006), representing a high-grade metamorphic terrain with a complex 
tectonothermal history. 
 
  2.2 Geology  

Coimbatore district is located at the extreme west of the Indian state Tami Nadu       
and east of Palghat gap of Western Ghats with an approximate area of 105.5 sq.   
kms with population of over a million (2011 census). Coimbatore district is covered 
by rocks belonging to Archean age, Proterozoic age and Cainozoic age (figure 2.3). 
The rocks of the region and its surroundings belong to Archean age of khondalite 
group, Charnockite Group, migmatite group, Sathayamangalam group, Bhavani 
Group, while the rocks of the Alkali complex belong to Proterozoic age and Recent 
to Late Plestocene rocks that belongs to Cenozoic age also present (District Survey 
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Report for Granite Coimbatore District, 2018; District Survey Report for Limestone 
Coimbatore District, 2019). The basement of the area is formed by the charnockitic 
suite of rocks of Archaean age (Singh et al., 2016). 

 

Figure. 2.3. Detailed Geological map (after Geological map of Kerala, Karnataka and Tamil 

Nadu, Geological Survey of India, 1995). The rectangles indicate: 1. Alluvium, 2. 

Sandstone, 3. Laterite and Bauxite, 4. Granite unclassified, 5. Syenite, 6. Anorthosite, 7. 

Alkaline complex, 8. Dolerite and Gabro dykes, 9. Garnet–biotite gneiss, 10. Khondalite, 

11. Hornblende–biotite gneiss, 12. Hornblende gneiss, 13. Charnockite, 14. Pyroxene 

granulite, 15. Quartz–mica schist, 16. Sargursupracrustals, 17. Dharwarsupracrustals, 18. 

Water reservoirs, 19. Fermor Line, 20. Major shear zones, 21. Major lineaments/faults 

(Sunil et al., 2010) 
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The lithological units of Knodalite Group are gametiferous – sillimanite gneiss, 
calc-granulite, crystalline limestone, sillimanite quartzites and associated 
migmatitic gneisses. The Charnockite Group of rocks mainly comprises of 
Charnockite, pyroxene granulites and associated magnetite quartzite. The rocks of 
both these Groups (Knodalite and Charnockite Group) are restricted to the central 
and southern portions of the Coimbatore district (i.e. around Sulur, Madukkarai 
and Pollachitaluks).  Migmatite Group of rocks mainly consists of Granite, 
Fuchsite, Sericite–quartizite hornblended–biotite gneiss, Garnetiferous 
quartzofelspathic gneiss. Satyamangalam Group mostly consists of Amphibolite 
and Basic/Ultra basic rocks and the Bhavani Group of rocks consists of the fissile 
hornblende gneisses (Peninsular gneiss – younger phase) with enclaves of 
schistose. This group of rocks is intruded by a number of ultramafic and basic rocks 
and granites. These rocks mainly cover the Northern portions of the Coimbatore 
district (around Mettupalayam and Northern areas of Coimbatore). 
 
The Alkali Complex of Proterozoic age consist of the granites and occupy the 
eastern and western part of the district and are recognized as Punjapuliyampatti 
Granites and Maruthamalai Granites, respectively. Recent to Late Pleistocene 
Group are occupied with the quaternary alluvium in the western parts of 
Coimbatore city. The thickness of these alluvium is more than 30m in the Siruvani 
valley west of Coimbatore and Chinnathadagam valley northwest of Coimbatore. 

 
Geology of Coimbatore city (figure 2.4) mainly consists of hornblende gneiss 
covering major portions of the region. Fluvial covers the western regions of the city 
and garnet and Limestones are concentrated in small regions in south of the 
Coimbatore city (Viswanathan and Elangovan, 2017). Subramaniyan and Selvan 
(2001) suggested the geological succession of Tamil Nadu (Table 2.1) that 
Precambrian crystalline rocks (Archaean to late Proterozoic age) occupy over 80% 
of the area of the Tamil Nadu state, while the Phanerozoic sedimentary rocks cover 
the eastern coastal belt and the inland River valleys cover the rest. The hard rock 
terrain comprises predominantly of Charnockite and Khondalite groups and their 
migmatitic derivatives, supracrustal sequences of Sathyamangalam and Kolar 
groups and Peninsular Gneissic Complex (Bhavani Group), intruded by 
ultramafic-mafic complexes, basic dykes, granites and syenites. The 
sathyamangalam group, Bhavani Gneissic complex, Khondalite group, Kolar 
group and Anorthosite complex are the older group of rocks of Tamil Nadu that 
belong to the Archaean age. 

 



21 
 

 

Figure 2.4:  Geology of Coimbatore city (Map prepared from the data/information 

collected from Geological Survey of India’s data portal: BHUKOSH) 

 

The sedimentary rocks of the coastal belt include fluviatile, fluvio-marine and 

marine sequences, such as Gondwana Supergroup with Gondwana plant beds 

(Carboniferous to Permian and Upper Jurassic to Lower Cretaceous), marine 

sediments of Cauvery basin (Lower Cretaceous to Paleogene), 

Cuddalore/Panambarai Formation (Mio-Pliocene) and sediments of Quaternary 
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and Recent age. The cretaceous period of Tamil Nadu comprises of four formations 

namely (from older to younger), Utatur, Trichinopoly, Ariyalur and Niniyur. The 

Cenozoic to recent formations that covers the older rocks of the region consists of 

Cuddalore sandstone, laterites, black soils and alluvium. 

  
Table 2.1: The Geological succession of Tamil Nadu after Subramaniyan and Selvan, (2001) 

 
Age Rock types / Groups / Formations 

Cenozoic 

Alluvium 

Black soils 

Laterite 

Cuddalore sandstone 

Mesozoic-Cretaceous 

Niniyur Formation 

Ariyalur Formation 

Trichnopoly Formation 

Utatur Formation 

Mesozoic to Paleozoic Godwana Plant Beds 

Paleozoic 

Granites 

Charnockites 

Alkaline rocks and Carbonates 

Ultramafics 

Basic dykes 

Paleozoic to Archaean 

Migmatite Complex 

Granites 

Charnockite Group 

Archaean 

Anorthosite Complex 

Kolar Group 

Khondalite Group 

Bhavani Gneissic Complex 

Sathyamangalam Group 

 

2.3 Geomorphology  

Coimbatore is a part of the upland plateau region of Tamil Nadu state with 
hillocks, hill ranges, and undulating topography with a gentle slope towards east 
except for the hilly terrain in the west. The undulating topography with numerous 
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depressions, are used as tanks for storage of rainwater for agriculture related 
activities. The prominent geomorphic units identified in the district imagery are 1) 
Structural hills, 2) Inselbergs, 3) Ridges, 4) Valley fill, 5) Bajada, 6) Pediment, 7) 
Shallow Pediments and 8) Deep Pediments. The Annamalai on the south and 
Nilgiris on the northwest are the important ranges, with a height of over 2513m 
above mean sea level (MSL). The maximum elevation in the valleys nearby these 
hills is 600 m above MSL  

 
The geomorphology of Coimbatore is shaped by its location along the foothills of 
the Western Ghats and the drainage influence of the Noyyal River and its 
tributaries. According to published studies, the region exhibits a varied 
geomorphic setup comprising structural hills, pediments, valley fills, alluvial 
plains, and floodplains. The terrain is predominantly undulating, with elevations 
decreasing from west to east. The western part of Coimbatore features rugged hills 
and rocky outcrops associated with charnockite and gneissic formations, while the 
eastern and central parts are dominated by gently sloping plains and valley fills, 
which are often sites of rapid urban development. Geomorphological mapping 
and remote sensing studies have also identified fault-aligned linear valleys and 
paleo-channels, indicating past tectonic and fluvial activity. The presence of 
lateritic soil profiles and weathered rock zones further reflects prolonged 
denudational processes. This diverse geomorphic framework plays a key role in 
influencing groundwater occurrence, soil stability, and seismic site response—
factors crucial for hazard assessment and sustainable urban planning in the region. 

 
Based on geomorphological characteristics, Coimbatore and its surrounding 
regions can be broadly classified into three major units extending from west to east. 
The western portion is dominated by the Western Ghats, a prominent north-south 
trending mountain range that stretches from Nagercoil in the south to the Nilgiri–
Bilgirirangan Hills in the north, further extending into Karnataka. Elevations in 
this region range between 1275 m and 2637 m, with significant peaks such as 
Mahendragiri, Agasthyamalai, Anamalai, Palani, and the Nilgiris. Among these, 
Doddabetta stands as the highest peak in the Nilgiris, reaching 2637 m. The Palghat 
Gap—a major physiographic break in the Western Ghats—forms an important 
geological and climatic corridor between Kerala and Tamil Nadu. The central part 
of the region is characterized by vast expanses of dissected pediplains and 
pediments. This area also features a series of residual hills, including Kalrayan, 
Shevaroy, Chitteri, Pachaimalai, Kollimalai, and Javadi, which represent the 
extended segment of the Eastern Ghats. Additional hill formations such as 
Karandamalai, Sirumalai, and Kodaikanal Hills are located further south. In terms 
of subsurface characteristics, the bedrock depth varies significantly across the city. 
The basement is relatively shallow in the southeastern and central parts of 
Coimbatore, with depths ranging from 0 to 6 m, while the northwestern part 
exhibits deeper basement levels, between 23 to 35 m. The rest of the city presents 
moderate bedrock depths, typically between 12 to 23 m.  
 



24 
 

Figure 2.5 depicts the geomorphology of Coimbatore city, Tamil Nadu, 
highlighting different landform origins. The dominant landform is of denudational 
origin, indicating erosion-shaped landscapes. Other geomorphological features 
include structural hills/valleys, fluvial origins, low dissected hills/valleys and 
anthropogenic areas. Blue areas represent waterbodies, and various localities are 
marked with black diamonds.  

 

Figure 2.5: Geomorphology of Coimbatore city (Map prepared from the data/information 

collected from Geological Survey of India’s data portal: BHUKOSH) 
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 CHAPTER 3 

 

Seismotectonics and Seismicity  

  3.1 Seismotectonic Set-up 

Coimbatore lies within the southern part of the Indian Peninsular Shield, which is 
traditionally considered tectonically stable but has shown moderate seismicity in 
recent decades. The city falls in Seismic Zone III as per the Bureau of Indian 
Standards (IS 1893), indicating a moderate risk of seismic activity. Its 
seismotectonic setup is primarily influenced by intraplate faults associated with 
reactivated Precambrian shear zones, lineaments, and fractures that have 
experienced neotectonic adjustments due to ongoing crustal stresses. According to 
Swaminathan et al. (2012) and Ramasamy et al. (2002), the region is traversed by 
several prominent NE–SW and NW–SE trending lineaments, which are interpreted 
as deep-seated basement faults. These include the Bhavani Shear Zone, Palghat-
Cauvery Shear Zone, and the Mettur–Bhavani Fault, all of which have potential 
seismogenic significance. Historical records document several moderate 
earthquakes in and around Coimbatore, including the 1900 Coimbatore (M ~ 6.0) 
and 1909 Dharmapuri (M 5.0) events. The 1998 Coimbatore earthquake (Mw 5.0) 
was a wake-up call, highlighting the vulnerability of the region to intraplate 
seismic events. The occurrence of seismicity in this stable continental region is 
attributed to far-field stresses from the ongoing India-Eurasia plate collision. 
Recent microseismic and GPS-based studies indicate ongoing crustal deformation 
and stress accumulation, warranting detailed seismotectonic and microzonation 
investigations to ensure seismic safety in urban development. 
 
The seismotectonic map of Coimbatore city, covering a radial distance of 500 km   
from the city's center, is depicted in figure 3.1. This map illustrates faults, 
lineaments, and shear zones using data from the Geological Survey of India (GSI) 
Bhukosh. Additionally, recent epicentral locations and earthquake magnitudes are 
sourced from the Earthquake Catalogue by the National Centre for Seismology, 
Ministry of Earth Sciences, New Delhi, USGS, EMSRC, and JMA, and are detailed 
in Table 6 (please refer to Annexure-I). 
 
Coimbatore city is tectonically positioned between two major shear zones of the 
southern Indian shield: the Moyar-Bhavani shear zone to the north and the 
Palghat-Cauvery shear zone to the south (Naha et al., 1997). The Moyar-Bhavani 
faults are characterized as steeply dipping reverse faults. The city lies between the 
supracrustal rocks and the Palghat-Cauvery shear zones (Naha et al., 1997). The 
supracrustal rocks near Coimbatore belong to the Sargur Group of Archean age 
(Gopalakrishnan et al., 1976) and have been variably migmatized by the Peninsular 
Gneiss (Naha et al., 1997). 
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  3.2 Seismicity of Coimbatore City 

 

Coimbatore experienced a significant seismic event in 1900, with an estimated 

moment magnitude of 6.3, and the epicenter located at 10°45′ N, 76°45′ E. Despite 

the severity of this earthquake, the city was initially classified under Seismic Zone 

0 in the first edition of the Indian Standard IS 1893 (BIS, 1962), which 

underestimated the seismic potential of the region due to limited historical data. 

Subsequent geophysical and seismotectonic investigations prompted its 

reclassification into Seismic Zone III in the revised IS 1893 (BIS, 2002), reflecting a 

moderate seismic risk. Since 1900, Coimbatore has not recorded any major 

earthquakes; however, microseismicity and low-to-moderate magnitude events 

have been persistently observed in the broader region (Anbazhagan et al., 2012).  

 

Paleoseismological evidence and fault mapping suggest the presence of reactivated 

Precambrian shear zones and basement faults—such as the Palghat-Cauvery Shear 

Zone and the Bhavani and Moyar faults—that could potentially generate future 

seismic events (Ramasamy et al., 2002; Swaminathan et al., 2012). Within a 300 km 

radius, eight seismic source zones have been identified, based on recurrence 

intervals and geological evidence, making them important contributors to seismic 

hazard in the Coimbatore region (Anbazhagan, 2014). Notably, in 2011–2012, the 

city and surrounding villages experienced five minor tremors, three of which 

ranged in magnitude from 3.0 to 4.0. Two occurred in the northeastern zone, which 

hosts multiple identified faults, and the third in the southwestern part, also 

associated with active lineaments. These recurrent tremors suggest that the region 

remains seismically active, despite being located in a traditionally considered 

stable part of the Indian Shield. This underlines the need for updated hazard 

assessments, microzonation studies, and earthquake-resilient planning, especially 

given Coimbatore’s rapid urbanization and infrastructure growth (Anbazhagan et 

al., 2012; Anbazhagan, 2014). 
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Figure 3.1: Seismicity and Seismotectonic of Coimbatore city and surroundings at a radial 

distance of 500km from the centre of Coimbatore city (Longitude/ Latitude/ 

76.9318E/11.0275N). Faults and lineaments are depicted by (coloured) solid lines. Red 

(instrumental recorded) and orange (pre-instrumental) dots are the epicentre of 

earthquakes since 1505 (Source: NCS earthquake catalogue) for the magnitude of 3.5 and 

above. The 1990 Coimbatore earthquake of magnitude 6.0 (Grey Star) of focal depth 70 km 
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CHAPTER 4 

 

Microtremor Study  

 

  4.1 Microtremor survey 

 

Seismic ground motion amplification is intricately tied to the local site conditions 
and geological makeup of an area, making its assessment a pivotal component in 
seismic hazard analysis. The 2017 Manu earthquake in Tripura vividly illustrated 
this, where the local site effects played a major role in the widespread structural 
damage observed. This event and others like it highlight the critical need for 
precise and dependable methodologies in earthquake hazard evaluation and the 
formulation of risk mitigation strategies. Among the most effective of these 
methodologies is the use of ambient vibration recordings in conjunction with the 
Horizontal-to-Vertical Spectral Ratio (HVSR) technique. This combination is 
crucial for characterizing local site effects, providing insights into how seismic 
waves interact with different soil layers and geological features. The varying 
degrees of damage to structures during earthquakes can be attributed to their 
distinct seismic response characteristics, influenced by their design, location, and 
the properties of the underlying surface layers. While the seismic response of a 
building is confined to its specific characteristics and location, the surface layer's 
response can influence a wider area, underscoring the importance of 
understanding these layer's dynamic properties. This understanding is essential 
for seismic microzonation studies, which aim to delineate areas based on their 
potential seismic hazards and help in creating more resilient infrastructure and 
communities. 

 
The Horizontal-to-Vertical Spectral Ratio (H/V) method is a widely used 
experimental approach for assessing the dynamic characteristics of soft-
sedimentary deposits, such as soil layers. This technique is particularly valuable in 
seismic microzonation investigations, where understanding the behaviour of these 
deposits under seismic stress is crucial. By analysing ambient vibrations, the H/V 
method effectively estimates the fundamental period or natural frequency of soil 
deposits, which is critical for assessing how different layers will respond to seismic 
waves. However, it is important to recognize that the H/V method alone cannot 
fully capture the complex site effects or provide absolute values of seismic 
amplification. Its primary strength lies in its ability to map the fundamental period 
of a site, offering a preliminary insight into its seismic behaviour. This mapping 
serves as a foundation for refining geological and geotechnical models, which are 
essential for more detailed numerical simulations and seismic hazard assessments. 
The integration of H/V results with other geological, geophysical, and 
geotechnical data is recommended to enhance the accuracy of these models, 
thereby providing a more comprehensive understanding of the site’s seismic 
response characteristics. This comprehensive approach is vital for developing 
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robust earthquake-resistant designs and effective risk mitigation strategies in areas 
prone to seismic activity. 
 
The Horizontal-to-Vertical Spectral Ratio (H/V) technique is an invaluable tool in 
the field of seismic microzonation and site response studies, particularly effective 
in areas where soft soil deposits overlie much denser bedrock, creating a large 
impedance contrast. This method excels at estimating the natural frequency of 
such sites, providing critical insights into how these layers will amplify seismic 
waves during an earthquake. Its utility is most pronounced in regions with low to 
moderate seismicity, where extensive earthquake recordings are not available to 
guide hazard assessments. By analysing ambient vibrations, the H/V technique 
helps to fill this gap, offering a reliable means of characterizing the seismic 
behaviour of a site. However, the true power of the H/V method is realized when 
its results are interpreted in conjunction with comprehensive geological, 
geophysical, and geotechnical data. This multidisciplinary approach allows for a 
more accurate and nuanced understanding of the site's seismic response, leading 
to better-informed decisions in urban planning, building design, and disaster 
mitigation strategies. 
 
Source characterization using the H/V technique is a critical aspect of 
understanding how different soil layers respond to seismic waves. The position 
and nature of the seismic source can be inferred by analysing the patterns and 
peaks in the H/V ratio curve. For instance, a single peak in the H/V curve typically 
indicates a source that is near and at the surface, such as local ambient noise or 
shallow seismic events. In contrast, a double peak often signifies a more distant 
source located within sedimentary layers, reflecting the complex interplay between 
wave propagation and sedimentary structure. Furthermore, when sources are deep 
within the bedrock, the H/V ratio exhibits distinct peaks at the fundamental and 
harmonic resonance frequencies, revealing how deep seismic waves resonate 
through overlying soil layers. This detailed understanding of source 
characteristics—whether near-surface, intermediate, or deep—is crucial for 
accurately modelling seismic responses and assessing potential risks. By 
distinguishing these various source characteristics, engineers and seismologists 
can develop more effective strategies for earthquake-resistant design and risk 
mitigation, ensuring that structures and communities are better prepared for 
future seismic events. 
 

  4.2 Nakamura Technique 

 

The Nakamura technique or HVSR (Horizontal to Vertical Spectral Ratio) was 
introduced by Yutaka Nakamura in 1989 as a method for the estimation of dynamic 
properties of subsurface layers by measuring the micro-tremors on the ground 
surface using a tri-axial velocity sensor. Dynamic properties of subsurface layers 
are one of the most critical factors which influence the ground motion 
characteristics. The seismic waveform at a particular site is almost similar for any 
earthquake recording because of the influence of the dynamic characteristics of the 
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subsurface layers on the ground motion. The incoming seismic waves due to any 
earthquake event are amplified depending on the local site conditions upon 
reaching the ground surface. If the frequency of this surface ground motion 
matches with that of the super structure built on it, then resonance can take place 
leading to enormous damage and economic loss, and in worst cases loss of lives. 
Hence, estimation of local site amplification becomes very important in this 
context. 
 
Nakamura proposed the H/V technique, which is now ubiquitously used, based 
on experimental observations. Horizontal-to-Vertical Spectral Ratio (HVSR) 
analysis on micro-tremor (ambient noise) measurements offers advantage of easy 
data acquisition, besides being inexpensive and reliable (e.g., Nakamura, 1989 and 
2000; Luzón et al., 2001). The theoretical basis has been contentious and the 
approach mostly experimental. The HVSR curve has been implicated to body 
waves (e.g., Nakamura, 2000; Herak, 2008) as well as surface waves (e.g., Konno 
and Ohmachi, 1998; Arai and Tokimatsu, 2005). On the basis of theoretical 
modelling, Lunedei and Albarello (2009) observed surface-wave’s approximation 
to be consistent with the larger frequencies while the body wave’s interpretation 
to be concurring with the predominant frequency and its vicinity. At the same time, 
the dependence of HVSR on source distribution yields minor aberrations to the 
location of HVSR maximum. Several studies have demonstrated applicability of 
microtremor analysis, especially on soft soils where clear HVSR peaks can be 
ascribed to the contrast at the soil-bedrock interface (e.g., Field et al., 1995a; Lachet 
et al., 1996; Bard et al., 1997; Mucciarelli, 1998; Mucciarelli et al., 2003; SESAME, 
2004; Gosar et al., 2009; Gallipoli et al., 2009a). The results from Site Effect 
Assessment using Ambient Excitations (SESAME, 2004) project under the 
European Commission delivered assessments on the HVSR technique, guidelines, 
and recommendations to probable applications.  
 
Nakamura technique that uses the H/V ratio, which is the ratio between the 
Fourier spectra of the horizontal and vertical components of ambient noise are 
adopted. It is also defined as the ratio of horizontal to vertical component of ground 
motion. The advantage of this technique is that it is simple to apply, and does not 
require a reference station. H/V is basically related to the ellipticity of Rayleigh 
waves in vertical component. This ellipticity is frequency dependent and exhibits 
a sharp peak around the fundamental frequency for sites displaying a high enough 
impedance contrast between the surface and deep materials. On soft soils the ratio 
exhibits a clear peak that is well correlated with the fundamental resonant 
frequency. Nakamura noted that in the basement to surface layer, frequency 
dependent horizontal transfer function TBS(f) that HS(f) is readily affected by 
locally generated social noise, which mainly consists of Rayleigh waves. Nakamura 
also noted that the vertical spectrum at the surface layer Vs(f) should include the 
local Rayleigh wave contribution, but the basement vertical spectrum VB(f) is 
devoid of Rayleigh wave (figure 4.1). The surface layer does not amplify the 
vertical ground motion, the effect of the local Rayleigh waves on the incident 
micro-tremor motion within the surface layer that can be presented as the ratio of 

https://www.scirp.org/journal/paperinformation.aspx?paperid=99232#f4
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vertical spectrum at the surface layer [Vs(f)] to the basement vertical spectrum 
[VB(f)], which can be mathematically expressed as: 
 

   𝐸𝑅 =
𝑉𝑆

𝑉𝐵
                                                                     (4.1) 

 

H/V spectral ratio studies interpret the Nakamura’s technique in relation to the 
ellipticity ratio of Rayleigh waves for which high enough impedance contrast 
exhibits pronounced peak close to the fundamental S-wave resonance frequency. 
Nakamura technique, we used in this study is based on the assumptions such as: 

  Figure 4.1: A schematic diagram for deriving H/V ratio 

 
Micro-tremors are composed mainly of Rayleigh waves, propagating in the soft 
surface layers overlying the half space. The micro-tremors are originated by local 
surface source (traffic and industrial noise etc.) and they have no contribution from 
deep sources. The amplification of the vertical component is exclusively associated 
with the depth dependence of the surface (Rayleigh) wave motion. The transfer 
functions of surface layers can be given by the ratio  

 
Transfer Function of Surface Layer: 

 

𝑆 =
𝐻𝑆

𝐻𝐵
                                                                      (4.2) 

 
However, considering the great contribution of Rayleigh wave propagation for the 
ambient noise, it will be necessary to convert the ratio HS/HB, in order to estimate 
a transfer function for micro-tremor measurements (assuming that the vertical 
tremor is not amplified by the surface layers). The ratio ER defined below should 
represent the effect of the Rayleigh wave on the vertical motion. 

 
Rayleigh Surface Wave Energy ratio can be expressed as given in Equation (4.1). 
Assuming that the effect of the Rayleigh wave is equal for vertical and horizontal 
components, using Equation 4.1& Equation 4.2, we can get a corrected modified 
spectral ratio (SM) as: 

 

   𝑆𝑀 =
𝑆

𝐸𝑅
                                               (4.3) 
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Computing values of “S” and “ER” in Equation (3), we can get: 

𝑆𝑀 =
𝐻𝑆

𝐻𝐵
/

𝑉𝑆

𝑉𝐵
                                                                                                                 (4.4) 

   𝑆𝑀 =
𝐻𝑆

𝑉𝑆
×

𝐻𝐵

𝑉𝐵
                                                                     (4.5) 

  As a final condition it is assumed that for all frequencies of interest 

   
𝐻𝐵

𝑉𝐵
= 1 or  

𝑉𝐵

𝐻𝐵
= 1                                                                    (4.6) 

Thus, an estimate of the transfer function is given by the spectral ratio between the 
horizontal and the vertical components of the motion at the surface 
 

𝑆𝑀 =
𝐻𝑆

𝑉𝑆
                                                                                (4.7) 

 

It is therefore, the vertical component of micro-tremors on the surface retains the 
characteristics of horizontal component of hard rock. The main objective of 
deploying Nakamura’s method (as shown in figure 4.2) in this study is to estimate 
maximum site amplification and corresponding predominant frequency of ground 
for site response study for the study area.  

 

  4.3 Microtremor Survey in the city of Coimbatore 

 

  4.3.1 Instrumentation 

 

Nanometrics Trillium Compact 120s broadband seismometers with a Centaur 24-
bit digital recorder have been used for Microtremor survey at Coimbatore. The 
Trillium Compact 120s is a small, highly portable, low-noise broadband 
seismometer with a flat response to velocity from 120s to 100Hz. Hence, the sensor 
is capable of measuring very weak seismic signals also. Being light weight with a 
rugged design and an ultra-low power consumption of 180mW makes it suitable 
for rapid deployment. The data acquisition system used along with the 
seismometer is the Centaur data recorder which has a true 24-bit ADC per channel, 
supporting 06 channels (Sensor A and Sensor B), with sample rate as high as 
500sps. It features internal storage as well as an external SD media card. The whole 
setup is state-of-the-art system providing the best quality data with the help of 
latest technology as of date.  
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Figure 4.2: Description of the Horizontal to Vertical Spectral Ratio (HVSR) Technique (after 

Ansal, 2006) 

 

GEOtiny is a Compact miniature digital seismometer which integrates three 

seismic and three acceleration channels. It supports high resolution 24bit digitizer, 

embedded linux OS and NTP timing. Seedlink server ensures reliable real time data 

telemetry while large storage volume ensures long period local data recording. The 

instrument has very High Sensitivity 1500V/m/s. Modular sensor interface allows 

to select between a variety of sensor types and frequency corner response 10s to 

120Hz (10sec, 5sec, 2sec, 1sec, 2Hz, 4.5Hz), thus covering the short period and wide 

band seismic range. 

 

  4.3.2 Survey Method 

The Microtremor survey conducted across the Coimbatore city at around 500 
locations (figure 4.3), in a grid pattern of 500m x 500m using Broadband 
Seismometer. Ambient noise data was recorded at each site using a high precision 
three component Broadband seismometer (BBS) for an optimal time period of at 
least 02-hrs excluding the stabilization time period taken by the instrument for the 
setting up of the sensor.  
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Figure 4.3: Map depicting the locations of around 500 Microtremor Survey conducted in 

the city of Coimbatore 

 
The typical Microtremor setup consisted of the Nanometrics Trillium Compact 
120s broadband seismometer with a Centaur 24-bit digital recorder (figure 4.4). The 
sensor is fixed firmly into the ground with the help of a tripod stand. Then the 
sensor is aligned to the North direction, and then levelled with the help of levelling 
screws and bubble level on top of the sensor. The sensor has an operational tilt 
range of ± 2.5º, but care was taken to maintain the tilt range within ± 1.5º. Finally, 
the sensor is covered to avoid wind disturbance, thermal variations, etc. After the 
sensor has been completely set up, 10 -15 minutes is needed for stabilization of the 
sensor. The data is recorded at a rate of 100sps. The GPS device connected to the 
Centaur gives the GPS of the location up to 6 decimals by taking data from 6-8 
satellites. The raw data is downloaded at the site itself to avoid any ambiguity. 
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Figure 4.4: Typical field acquisition set-up of Microtremor Survey conducted in the 

Coimbatore city consisting of a Broadband Seismometer connected to a digital recorder 

and a GPS device 

 
  4.3.3 Data Processing 

The acquired data has been processed using Geopsy software. The data is divided 
into windows, each of 60s length (different window lengths are also used 
depending on the duration of recording as well as those satisfying the reliability 
criteria), which satisfy anti-triggering parameters: STA of 1s, LTA of STA/LTA of 
2.5. The windows are eliminated, and by using min. STA/LTA, a minimum 
threshold which stays approximately constant for the window length is 
introduced. Then the Fourier spectrum of each component is taken. Smoothing 
method given by Konno & Ohmachi with a smoothing constant of 40 is applied. 
Smoothing constant is changed depending on the type of curve i.e., H/V curve 
with smoothing constant and H/V curve with multiple closer peaks is processed 
with higher smoothing constant. For the horizontal component, the squared 
average is taken. Then, the H/V ratio is obtained for one window. Finally, the 
average H/V curves of all these windows is plotted and taken as final H/V curve 
of the site. The frequency corresponding to the maximum peak is taken as the 
resonant frequency (Mishra et al., 2020).  
 

  4.3.4 Typical example 

Figure 4.5 shows the plot for complete 3-hour data at site TN_C007. The continuous 
line represents the average H/V curve, and the dotted lines represent the curves 
for maximum and minimum deviation values. The resonant frequency is observed 
to be at 7.644Hz.  
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Figure 4.5: Typical H/V curve for complete 3-hour data at site TN_C007 minimum 
standard deviation values. It can be seen that the predominant frequency is at 
7.644Hz, whereas the peak amplification is 3.418 
 

Out of the total 501 locations, majority of the locations have HVSR with defined 
peaks satisfying the reliability criteria and the corresponding predominant 
frequency has also been given in the Table 1 (please refer to Annexure-I). Very few 
of the micro-tremor survey locations from the data collected have inconclusive 
HVSR flat curves with no predominant peaks. A flat HVSR curve with no peak 
does not necessarily mean that there is no amplification for the particular site. It is 
observed that a single peak is observed in H/V curve in the case when the source 
is near and on surface, on the other hand double peak in H/V graph may happen 
due to the source at a distance and located inside the sedimentary layer. Most 
importantly, H/V ratio exhibits peak at the fundamental and harmonic resonance 
frequencies when sources are deep, located inside the bedrock, while surface 
sources are the major controlling factors for H/V peaks. 

  4.4 Results and Discussions  

Predominant frequency and peak amplification are derived from the Microtremor 
data at each of the locations in the city of Coimbatore using Geopsy. figures 4.6 
and 4.7 show the maps of Predominant Frequency, peak amplitude for the city of 
Coimbatore.   

Peak frequency map (figure 4.6) illustrates the spatial variation of predominant 
frequency (Hz) across Coimbatore city and its surrounding areas, derived from 
microtremor measurements for seismic site response analysis. The color-coded 
zones indicate different ground conditions based on natural resonance 
frequencies. Low-frequency zones (0.39–4.0 Hz), shown in red and orange, are 
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concentrated in the northern and northeastern parts (e.g., Vinayagapuram, Civil 
Aerodrome Post, Lakshmi Nagar), suggesting deep soft sediments that are more 
susceptible to amplifying low-frequency seismic waves, potentially affecting tall 
structures. In contrast, higher-frequency zones (>8 Hz), represented in green 
shades, are mainly located in the southern and southwestern regions (e.g., BK 
Padur, Selvapuram), indicating shallow bedrock or stiffer ground, which are 
generally safer for low-rise buildings. Central areas such as Nehrunagar and 
Coimbatore city center display mixed frequencies, reflecting variable subsurface 
conditions. 

 

Figure 4.6:  Spatial variation of predominant frequency (Hz) derived from the 

Microtremor data in the city of Coimbatore (Predominant Frequency ranges from 0.39 Hz 

to 38.96 Hz)  
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 Figure 4.7 The spatial variation of peak amplification factor of the Coimbatore city 

 

Figure 4.7 shows the spatial distribution of peak ground amplification across 
Coimbatore and its surrounding areas, derived from microtremor-based analysis. 
The colour gradient represents different amplification levels, where most of the 
region exhibits low to moderate amplification (1.0–4.0), shown in shades of green. 
These areas, such as Nehrunagar, Vinayagapuram, and Civil Aerodrome Post, 
indicate relatively stable ground conditions with reduced seismic shaking effects. 
However, isolated pockets of higher amplification—marked in orange and red—
are observed with peak amplification values exceeding 8.0 and even >12.0 in red 
areas, suggest the presence of softer soils or local geological conditions that could 
significantly amplify ground motion during an earthquake. 
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Amplification of the ground occurs in the following field conditions: 

1. Large amplification has been observed over loose, unconsolidated sediments. 
2. Amplification is larger at mountain tops because of larger horizontal 

component of S wave than that of vertical component of P wave. 
3. Earthquake damage is large over soft sediments than the hard rock because of 

trapping of seismic waves by soft sediments due to the impedance contrast 
between soft sediments and underlying bedrock. 

4. Nonlinear behavior of soft soils during strong earthquakes is characterized by 
decreased amplification due to decrease in shear wave velocity and increase in 
material damping. 

5. The amplification of higher peaks decreases with increasing frequency. The 
higher amplification of the soils will occur at the lowest natural frequency or 
its fundamental frequency.  

 
To assess the site effects of such locations, further confirmatory geophysical and 
geotechnical tests such as Multichannel Analysis of Surface Waves (MASW) and 
borehole drilling, Standard penetration test (SPT) were conducted to obtain base 
rock/soil profile and Shear wave velocity of subsoil, which are elaborated in 
further chapters of the report. 
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CHAPTER 5 

 

Geotechnical and Geophysical Investigations 

 

  5.1 Geotechnical investigations 

 

Geotechnical investigations play a crucial role in assessing the strength, bearing 
capacity, and overall behaviour of subsurface soils prior to any civil construction 
activity. These investigations form the foundation for earthquake-resistant 
structural design, ensuring the safety and stability of buildings and infrastructure. 
In the case of Coimbatore city, geotechnical surveys—particularly through 
shallow-depth drilling techniques—have been undertaken to characterize the soil 
classification and determine the engineering properties of the subsurface 
materials. As shown in figure 5.1, the geological map of Coimbatore illustrates the 
locations of 27 borehole sites where investigations were conducted, each extending 
to a depth of 30m. 
 
Drilling was carried out using both rotary drilling and down-the-hole (DTH) 
drilling methods, based on site-specific geology. Rotary drilling was employed in 
areas with alluvial deposits, while DTH drilling was used in regions underlain by 
hard rock formations. During the process, both disturbed (DS) and undisturbed 
(UDS) soil samples were systematically collected. Disturbed samples were 
obtained through Standard Penetration Tests (SPT), with blow counts recorded at 
every 3-meter interval or upon change in strata. Undisturbed samples were 
retrieved using UDS samplers at alternate 3m intervals between the SPTs. In total, 
approximately 10 SPT/DS samples and 10 UDS samples were collected per site 
down to 30m. These samples were carefully preserved for laboratory testing to 
determine geotechnical parameters such as shear strength, compressibility, and 
permeability. 
 
Geologically, Coimbatore city lies within the upland plateau region of Tamil Nadu, 
characterized by hilly terrain in the west and undulating topography that gently 
slopes eastward. The presence of hill ranges and hillocks, along with varying soil 
types, underscores the importance of site-specific geotechnical evaluation for safe 
and resilient urban development. 
 
The geological framework of Coimbatore city is composed of rock formations 
belonging to multiple geochronological units. These include the Sathiyamangalam 
Formation, Peninsular Gneissic Complex-I (PGC-I) and the Charnockite Group of 
Archean age, Peninsular Gneissic Complex-II (PGC-II) of Archean to 
Paleoproterozoic age, along with basic intrusives of Mesoproterozoic age, younger 
granitic intrusives of Neoproterozoic age, and recent alluvium deposits. Among 
these, the hornblende-biotite gneiss and granite of the PGC-I are the most 
commonly exposed rock types. The hornblende-biotite granite is typically 
medium- to coarse-grained, mesocratic, and is considered to be a retrograded 
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Figure 8.1: Ground water table map of Coimbatore city 
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Hence, it shows that for a soil sample at 7.5m depth, the factor of safety 

sF >1.0 and 

the probability of liquefaction chances is about 1.9%. Similar exercise is conducted 
to estimate the liquefaction at depth ranges between 0-3m, 3-6m and 6-9m for 
ground motion at 10% probability of exceedance in 50 years and 2% probability of 
exceedance in 50 years explained through Table 8.1 to 8.3 for Earthquake Return 
Period (T) of 475 years and Table 8.4 to Table 8.6 for Earthquake Return Period (T) 
of 2475 years.  
 

8.7 Results 

  

The liquefaction potential of Coimbatore city has been analysed for two 

earthquake scenarios: Design Based Earthquake (DBE) with a return period of 475 

years and the Maximum Credible Earthquake (MCE) with a return period of 2475 

years.  

 

Figures 8.2 (a–c) depict the liquefaction scenario maps for DBE at depths of 3 m, 

4.5 m and 7.5 m, respectively. Similarly, figures 8.3 (a–c) depict the liquefaction 

scenario maps for MCE at depths of 3 m, 4.5 m and 7.5 m, respectively. 
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Factor Safety (FS) and probability of Liquefaction (PL) for Design based earthquakes (for an Earthquake Return period of 475 

years) of Maximum magnitude 7.0 

   Table 8.1: Liquefaction study using shear wave velocity at depth between 0-3m for Design based Earthquake 

              
   Table 8.2:  Liquefaction study using shear wave velocity at depth between 3-6m for Design based Earthquake 
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Table 8.3: Liquefaction study using shear wave velocity at depth between 6-9m for Design based Earthquake 
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Factor Safety (FS) and probability of Liquefaction (PL) for 2% probability of exceedance in 50 years of Maximum magnitude 

7.0 

 Table 8.4: Liquefaction study using shear wave velocity at depth between 0-3m for 2% probability of exceedance in 50 years   

 
Table 8.5: Liquefaction at depth between (3-6) m for 2% probability of exceedance in 50 years 
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Table 8.6: Liquefaction at depth between (6-9) m for 2% probability of exceedance in 50 years 

 
 



131 
 

 
Figure 8.2(a): The Factor of Safety (FS) at depth between (0-3) m for Earthquake Return 

Period (T) of 475 years 



132 
 

 
Figure 8.2(b): The Factor of Safety (FS) at depth between (3-6) m for Earthquake Return 

Period (T) of 475 years 
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Figure 8.2(c): The Factor of Safety (FS) at depth between (6-9) m for Earthquake Return 

Period (T) of 475 years 
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Figure 8.3(a): The Factor of Safety (FS) at depth between (0-3) m for Earthquake Return 

Period (T) of 2475 years 

 



135 
 

 
Figure 8.3(b): The Factor of Safety (FS) at depth between (3-6) m for earthquake Return 

Period (T) of 2475 years 
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Figure 8.6: Sample tested at CSR 0.1, 0.2 and 0.3 BH 27 UDS 1 @2.0m 
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Table 8.8: Deviator Stress Calculation and Results of Cyclic Test of Soil Samples 

Sample 
No. 

CSR value 
considered 

Effective 

Confining 

Pressure(kPa) 

∆𝝈𝒅 

(kPa) 

(Single 

Amplitude) 

Number of 

Cycles required to 

Cause Initial 

Liquefaction 

Maximum Excess 

Pore Water 

Pressure Observed 

(kPa) 

Liquefaction 

C3 0.1 100 20 514 16.45 No 

C3 0.2 100 40 522 21.16 No 

C3 0.3 100 60 161 12.07 No 

 

  8.8.5 Results  

1. One soil sample has been tested for liquefaction in the three different CSR 
values of 0.1, 0.2 and 0.3 shown in figures 8.7a, 8.7b and 8.7c respectively. 

 
2. The soil sample took considerable time to saturate 100 % i.e. Skempton's pore 

pressure parameter of B more than 0.95. After saturation, samples are 
considered and then applied estimated stress and measured pore pressure 
ratio.   

 
3. Tests are terminated as per ASTMD5311, above 500 cycles or samples reaches 

20 % strain of double amplitude without reaching pore pressure of 100 %. The 
study found that all soil samples are non-liquefiable up to a CSR ratio of 0.3.  

 

4. Larger CSR (i.e. 0.3), soil samples undergoes deformation of more than 20% of 
double amplitude without reaching a pore pressure ratio of more than 20%   

 

5. No liquefaction occurred for a cyclic loading of more than 500 cycles. Detail of 
the test results of the respective samples and yielded graphs for tri-axial test 
are appended below.  

 

6. From both theoretically and laboratory analysis showed that soils are not 
liquefied. Detailed laboratory output is appended below.  
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SAMPLE – C1 with Effective Consolidation Pressure of 100 kPa 

Cyclic Stress Ratio (C.S.R) – 0.1 

 

             Figure 8.7(a): Cyclic Triaxial Test Graphs with effective consolidation pressure of 100kPa 
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 Figure 8.7(b): Cyclic Triaxial Test Graphs with effective consolidation pressure of 200kPa 
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Figure 8.7(c): Cyclic Triaxial Test Graphs with effective consolidation pressure of 300kPa 
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CHAPTER 9 

 

Generation of Hazard Index (HI) Map 

 

The Analytic Hierarchy Process (AHP) was employed to develop a Seismic Hazard 
Index Map for Coimbatore city. AHP, developed by Saaty (1980), is a structured 
technique for organizing and analyzing complex decisions. It involves breaking 
down a problem into its constituent elements, which in this case include multiple 
hazard parameters such as Peak Ground Acceleration (PGA), Liquefaction 
Susceptibility (LQ), Peak Frequency (PF), Shear Wave velocity upto 30m (Vs₃₀), 
Engineering Bedrock (EBR), Peak Amplification (PA), and Geological Conditions 
(GG). 

The AHP process consists of three main components: 

1. Defining the goal (here, calculating the composite hazard index), 
2. Establishing the criteria (individual hazard maps), and 
3. Performing pairwise comparisons among criteria to derive priority weights. 

Stakeholders or experts evaluate the relative importance of each criterion by 
comparing them two at a time. These pairwise comparisons are then translated 
into numerical values, reflecting the intensity of preference between each pair. This 
quantification enables a consistent and rational framework for integrating 
subjective judgments into a measurable decision-making process—something that 
sets AHP apart from other multi-criteria approaches. 

In the final step, priority weights are assigned to each hazard parameter based on 
the normalized pairwise comparison matrix. These weights are then used to 
compute a composite hazard index at each site, resulting in the final Seismic 
Hazard Index Map (as illustrated in figure 9.1). The map reflects the spatial 
variability in seismic hazard by integrating site-specific rankings of each criterion. 

In this study, we employed seven variable criteria—Peak Ground Acceleration 
(PGA), Liquefaction Susceptibility (LQ), Peak Frequency (PF), Vs₃₀, Engineering 
Bedrock (EBR), Peak Amplification (PA), and Geology (GG)—for pairwise 
comparison using the Analytic Hierarchy Process (AHP). Each criterion was 
compared with the others (e.g., PGA vs. LQ, PGA vs. AF, PGA vs. Vs₃₀, PGA vs. 
PA, PGA vs. EBR, PGA vs. GG, and so on), with preferences expressed through a 
numerical scale: 

1 = equal importance, 
3 = moderate importance, 
5 = strong importance, 
7 = very strong importance, 
9 = extreme importance. 
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These values were assigned based on expert judgment and are detailed in Table 
9.1. 

The comparisons were organized into a 7×7 pairwise comparison matrix (Table 
9.2), where criteria listed on the left side of the matrix are considered more 
significant than those across the top row. A value of ‘1’ indicates equal importance, 
while values to the right of the diagonal represent the stated preference level. 
Corresponding reciprocal values (e.g., 1/7, 1/9) are used on the opposite side of 
the diagonal to maintain matrix consistency.  

For example, PGA is rated seven times more important than AF, and nine times 
more important than EBR, so AF and EBR receive reciprocal values of 1/7 and 1/9, 
respectively. These priority scores are detailed in Table 9.2. 

The final priority weights, derived from the matrix’s normalized principal 
Eigenvector (shown in Column 9 of Table 9.2), represent the relative importance 
of each criterion: 

• PGA and LQ – 33.6% each 
• AF – 12.9% 
• Vs₃₀ – 7.7% 
• EBR – 6.2% 
• PF – 4.2% 
• GG – 1.9% 

These weights were subsequently used to construct the Seismic Hazard Index 
Map. 

To integrate all the hazard maps to prepare a single hazard maps, here we adopted 
the Rank normalized process (figure 9.2) that is first we provided the rank of the 
numerical hazard values such that higher the rank is assigned corresponding to 
the high seismic vulnerable and higher values (Table 9.3).  The Rank is normalized 
using the following equation that provides the relative hazard contribution of 
hazards using minimum and maximum ranks. 

minmax

min

xx

xx
NR

−

−
=                                                                                                            (9.1)

 
Where, NR is the normalized rank, x is variable rank, xmin, and xmax are minimum 

and maximum ranks.   
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Figure 9.1: Flow chart for computation of Analytic Hierarchy process (AHP) (after Saaty, 
1968) 

 

 
Normalized Rank (NR) is calculated for each observed variable (PGA, LQ, PA, PF, 
Vs30, GG, EBR) as shown in Table 9.3. Using these normalized ranks, a GIS-based 
Hazard Index (HI) map (figures 9.3 and 9.4) is generated by combining the 
Analytical Hierarchy Process (AHP) weights and the normalized ranks for each 
site.  
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The HI map for the Design Basis Earthquake (DBE) which is with a 10% probability 
of exceedance is divided into three zones: low hazard (HI < 0.3), moderate hazard 
(HI between 0.3 and 0.48), and high hazard (HI between 0.48 and 0.57). 
Approximately 57% of the area is classified as low hazard (green), 39% as moderate 
hazard (yellow) and 4% as high hazard (red). Similarly, a surface-level HI map is 
prepared for the Maximum Considered Earthquake (MCE) condition, with a 2% 
probability of exceedance in 50 years, and also categorized into low, moderate, and 
high hazard zones. The proportion of the area in each hazard zone slightly differs 
between the 2% and 10% exceedance. The area ratio for low, moderate, and high 
hazards for the 2%, corresponding to an earthquake return period of 2475 years, is  
51:43:7, as detailed in figure 9.5.  
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Table 9.1: Pair-wise comparison between Peak ground acceleration (PGA), Liquefaction (LQ), Amplification factor (AF), depth of engineering 
bedrock (EBR), average velocity of shear wave up to 30m (Vs30), 1st mode peak frequency (PF), geology and geomorphology (GG) using AHP 
(Saatey, 1980) 
 

 
 
 
 
 
 
 
 
 

Criteria 
Extremely  

favours 
very Strong 

 favours 
Strongly 
 favours 

strong  
favours 

Equal favours 
strong  

favours 
Strongly 
 favours 

very Strong 
 favours 

Extremely 
 favours 

Criteria 

PGA 9 7 5 3 1 3 5 7 9 PGA 

PGA 9 7 5 3 1 3 5 7 9 LQ 

PGA 9 7 5 3 1 3 5 7 9 AF 

PGA 9 7 5 3 1 3 5 7 9 EBR 

PGA 9 7 5 3 1 3 5 7 9 Vs(30) 

PGA 9 7 5 3 1 3 5 7 9 PF 

PGA 9 7 5 3 1 3 5 7 9 GG 

LQ 9 7 5 3 1 3 5 7 9 PGA 

LQ 9 7 5 3 1 3 5 7 9 LQ 

LQ 9 7 5 3 1 3 5 7 9 AF 

LQ 9 7 5 3 1 3 5 7 9 EBR 

LQ 9 7 5 3 1 3 5 7 9 Vs(30) 

LQ 9 7 5 3 1 3 5 7 9 PF 

LQ 9 7 5 3 1 3 5 7 9 GG 
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Criteria 
Extremely  

favours 
very Strong 

 favours 
Strongly 
 favours 

strong  
favours 

Equal favours 
strong  

favours 
Strongly 
 favours 

very Strong 
 favours 

Extremely 
 favours 

Criteria 

AF 9 7 5 3 1 3 5 7 9 PGA 

AF 9 7 5 3 1 3 5 7 9 LQ 

AF 9 7 5 3 1 3 5 7 9 AF 

AF 9 7 5 3 1 3 5 7 9 EBR 

AF 9 7 5 3 1 3 5 7 9 Vs(30) 

AF 9 7 5 3 1 3 5 7 9 PF 

AF 9 7 5 3 1 3 5 7 9 GG 

EBR 9 7 5 3 1 3 5 7 9 PGA 

EBR 9 7 5 3 1 3 5 7 9 LQ 

EBR 9 7 5 3 1 3 5 7 9 AF 

EBR 9 7 5 3 1 3 5 7 9 EBR 

EBR 9 7 5 3 1 3 5 7 9 Vs(30) 
EBR 9 7 5 3 1 3 5 7 9 PF 

EBR 9 7 5 3 1 3 5 7 9 GG 

Vs(30) 9 7 5 3 1 3 5 7 9 PGA 

Vs(30) 9 7 5 3 1 3 5 7 9 LQ 
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Criteria 
Extremely  

favours 

very Strong 
 favours 

Strongly 
 favours 

strong  
favours 

Equal favours 
strong  

favours 

Strongly 
 favours 

very Strong 
 favours 

Extremely 
 favours 

Criteria 

 
Vs30 9 7 5 3 1 3 5 7 9 EBR 

Vs30 9 7 5 3 1 3 5 7 9 Vs(30) 
Vs30 9 7 5 3 1 3 5 7 9 PF 

Vs30 9 7 5 3 1 3 5 7 9 GG 

PF 9 7 5 3 1 3 5 7 9 PGA 

PF 9 7 5 3 1 3 5 7 9 LQ 

PF 9 7 5 3 1 3 5 7 9 AF 

PF 9 7 5 3 1 3 5 7 9 EBR 

PF 9 7 5 3 1 3 5 7 9 Vs30 

PF 9 7 5 3 1 3 5 7 9 PF 

PF 9 7 5 3 1 3 5 7 9 GG 

GG 9 7 5 3 1 3 5 7 9 PGA 

GG 9 7 5 3 1 3 5 7 9 LQ 

GG 9 7 5 3 1 3 5 7 9 AF 

GG 9 7 5 3 1 3 5 7 9 EBR 

GG 9 7 5 3 1 3 5 7 9 Vs30 

GG 9 7 5 3 1 3 5 7 9 PF 

GG 9 7 5 3 1 3 5 7 9 GG 
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Table 9.2: Estimation of normalized weight function for the hazard parameters 

Goal PGA LQ AF EBR Vs(30) PF GG 
Normalized 

over all 
priority 

PGA 1 1 7 9 9 9 9 0.336 

LQ 1 1 7 9 9 9 9 0.336 

AF 1/7 1/7 1 5 5 7 7 0.129 

EBR 1/9 1/9 1/5 1 3 5 7 0.077 

Vs(30) 1/9 1/9 1/5 1/3 1 5 7 0.062 

PF 1/9 1/9 1/7 1/5 1/5 1 7 0.042 

GG 1/9 1/9 1/7 1/7 1/7 1/7 1 0.019 
 

 

Table 9.3: Ranks and normalized ranks for the different hazard parameters 

Type of Hazards Assigned ranges 
Normalized 

Weight 
Rank 

Normalized 
Rank 

Peak ground acceleration 
(PGA) in g 

<0.07 

 
0.336 

1 0.0 

0.07 -0.08 2 0.2 

0.08-0.09 3 0.4 

0.09-0.1 4 0.6 

0.1-0.11 5 0.8 

0.11-0.12 6 1.0 

Liquefaction (LQ) 

<1 

0.336 

4 1 

1-2 3 0.67 

2-3 2 0.33 

>3 1 0 

Peak amplification factor (PA) 
<4 

0.129 
1 0 

4-6 2 0.17 
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6-8 3 0.33 

8-10 4 0.55 

10-12 5 0.67 

12-14 6 0.83 

>14 7 1 

Engineering bedrock depth 
(EBR) in m 

1 -5 

0.077 

1 0 

5-10 2 0.25 

10-15 3 0.50 

15-20 4 0.75 

20-25 5 1 

Average shear wave velocity up 

to 30m Vs(30) m/s 

300-400 

0.062 

5 1 

400-500 4 0.75 

500-600 3 0.50 

600-700 2 0.25 

>760 1 0 

Peak Frequency (PF) in Hz 

<2 

0.042 

7 1 

2-4 6 0.83 

4-6 5 0.67 

6-8 4 0.50 

8-10 3 0.33 

10-12 2 0.17 

>12 1 0 

Geology and Geomorphology 
(GG) 

Peninsular Gneiss/Granite  

0.019 

1 0 

Magmata-Gneiss Complex  2 0.5 

Undefined 
fluvial/Aeolian/coastal and 

glacial sediments 
3 1 
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  Figure 9.2: Generation of Hazard Index map for EQ(T) return period of 475 years 
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  Figure 9.3: Generation of Hazard Index map for EQ(T) return period of 2475 years 
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 Figure 9.4: Hazard Index Map of Coimbatore city for EQ return period of 475 years 
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  Figure 9.5: Hazard Index Map of Coimbatore city for EQ return period of 2475 years 
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CHAPTER 10 

 

Salient Observations 
 

Seismic microzonation study was carried out of Coimbatore city using 
seismological, geophysical and geotechnical methodologies.  Seismology study 
provides the detail ground motion at the rock level using a state-of-the-art method 
the probabilistic seismic hazard analysis (PSHA).  The PSHA hazard maps of 
Coimbatore city at 2% and 10% probability of exceedance in 50 years at rock level 
where shear wave velocity (Vs) Vs>760m/s are further used for soil response.  The 
PGA at the rock level is varying from 0.04g to 0.08g for 10% probability of 
exceedance in 50 years and PGA varies between 0.06 to 0.09g for 2% probability of 
exceedance at 50 years.  The site-specific acceleration time series are generated at 
the rock level for both Design based earthquake (for Earthquake Return Period (T) 
of 475 years) and maximum considered earthquake (for Earthquake Return Period 
(T) of 2475 years) for a maximum moment magnitude (Mw) of 7.0 at 5% damping 
using site specific PGA and spectral acceleration (SA) values at 02s and 1.0s for 
total duration of 40.96s using a state-of-the-art software considering rise and attack 
time 10s and 20s, respectively.  A total such about 10 acceleration time series are 
generated at the rock site (S=760 m/s) and used at the input ground motion. 
 
To unveil the site-specific seismic hazard at surface level we further gone for detail 
microtremor, geotechnical and geophysical investigations. About 500 sites ambient 
noise studies are conducted in a grid spacing of 500m x 500m to estimate the peak 
amplification corresponding to the peak or predominant frequency using state of 
the art software (Geopsy).  The spatial variation of Peak amplification and peak 
frequency maps are generated across the city Coimbatore. Preliminary analysis of 
the peak frequency and peak amplification which are varied from place to place 
depending upon the geology and geomorphological variations and relative hazard 
maps are generated.  From the frequency map its shows that frequency is varying 
between 2.0 Hz to 12 .0 Hz which are further correlated with the local geological 
deposition and found that granitic and massive basalt are exposed and weathered 
rock whose frequency varies between more than 6Hz and maximum 12 Hz at the 
rock site. The area located valley and alluvial/fluvial deposited sites showed the 
predominant frequencies varies between 2.0 to 6.0Hz.  On the other hand, the peak 
amplification factor doesn’t give any direct indication about the geological 
formation site, however, on broadly we have categories more ambient noise due to 
anthropogenic activities near the city or industrial areas shows the peak 
amplification in the order of 7.0 to 12 and less than 7 are noted in the isolated areas 
away from the main city area.  These maps (Amplification and Frequency) further 
helped to identify the geotechnical and geophysical investigation in the gap area 
where identification of subsurface geology is very much important. 
 
About 27 sites geotechnical investigation have been carried out through the process 
of drilling and sample collections at a regular interval of depth to identify the 
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subsurface geology and the change of lithological strata, if any.  The depth of 
drilling and sample collection is recommended up to 30m and at every 1.5m 
interval the SPT and UDS samples are endeavoured to collect at each site across 
the city. By this way about 10 SPT and 10 UDS are supposed to collect at each bore 
hole down to depth depending upon the strata. If the hard and compact rocks are 
encountered earlier 30m depth then based on RQD(>75%) once reach that may be 
considered as the fresh rock and whose shear wave velocity near to 760 m/s or the 
refusal of N value greater than 75 blow counts.  
 
Based on the geotechnical field investigations, it has been found that most of the 
boreholes only upper 1.5m to 3.0m depth the soil sample collection is possible and 
rest shows the weathered rock formation with relatively high N-values encounter 
(>100 SPT).  The available soil samples are preserved as per the IS code for both DS 
and UDS samples. These samples are further gone for routine soil laboratory test 
and soil dynamic tests.  The Routine laboratory analysis of soil sample attributes 
the soil classification based on its grain size distribution (mean diameter D50) and 
Fineness contents (FC) of it. For example, samples are classified as soil type I (Rock 
or Hard Rock) represented by well graded gravel (GW) or well graded Sand (SW), 
both with less than 5% passing 7micrometer sieve(fineness); well graded gravel-
sand mixture with or without fines (GW-SW); poorly graded sand (SP) or clayey 
sand(SC) all having N above 30; stiff to hard clays having N- above 30 where N is  
blow counts. Soil Type 2 represented medium soft rock with poorly graded sands 
with gravel (SP) with less FC and N values lies between 10 to 30;  stiff to the 
medium fine grained soils like sites of low compressibility(ML) or Clay of low 
compressibility(CL) having N- values  between 10 and 30.  Soil Type 3(soft soils) 
represented by N<10 all soils except SP, like silt with high compressibility (CH), 
silt intermediate compressibility (MI), clay to intermediate compressibility(CI), 
clay with high compressibility(CH), mixed of silt and clay with intermediate and 
high compressibility (CI-CH or MI-MH, MI-CI, or MH-CH) etc. 
 
Sites are classified based on the site-specific measured N values and the National 
earthquake hazard reduction program (NEHRP-2003) of USA. NEHRP site 
classification mainly based on the in-situ measurement of shear wave velocity and 
average shear wave velocity down to depth 30m so called Vs(30). The shear wave 
based site classification are defined as per NEHRP are (1) A-type sites whose 
Vs(30)>1500m/s, (2) B-Type  sites if  Vs(30) ranges between 760m/s  to 1500m/s; 
(3) C-type sites are define for Vs(30) lies between 360-760m/s; ( 4) D–type site 
classified whose Vs(30) lies between 180-360m/s and (5) E – and F- type sites are 
define whose Vs(30) less than 180m/s.  Based on the observation of N-value and 
Vs(30) of IS code and NEHRP site classifications, respectively we have 
recommended sites are classified only B-type and C-types (more details of site 
classification are listed in the annexure). 
 
Apart from the grain size analysis of the SPT samplers we have also measured the 
shear strength of the soil by advanced soil laboratory testing. The advance 
laboratory testing is direct shear test (DST), tri-axial test (TT), and resonant column 
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test (RCT) and cyclic tri-axial test (CTT). First two tests are conducted under three 
conditions (1) Unconsolidated Undrained (UU), (2) Consolidated Undrained (CU) 
and (3) consolidated Drained (CD). By this way, the shear strengths of the sample 
are estimated in terms of cohesion(C) and internal frictional angle ( ). These 

values of C and   are varied from sample to sample. For a cohesionless sample C 

is near to zero (~0).  Resonant column test (RCT) is an advance testing method 
which can provide shear modulus, damping and strain. These three parameters are 
estimated at a glance. Five samples are conducted for RCT test for UDS at three 
different confining pressures (100kPa, 200kPa and 300kPa) whose test results are 
explained in detail in the earlier chapter. The Cyclic tri-axial test is another advance 
test method for soil liquefaction study.  Three samples at different depth UDS 
sample are under gone CTT and it is observed that samples are not liquefied for 
maximum 500 cycles. Detailed analysis of CTT is also explained step by step in the 
earlier chapters. The Dynamic cone penetration test (DCPT) and seismic cone 
penetration test are performed to evaluate the mechanical properties of compacted 
subgrade soils which are comparable with the other geotechnical and geophysical 
investigations. 
 
Both Multichannel Analysis of Surface wave (MASW) and Down hole Seismic test 
(DHT) measured in-situ shear wave velocity (Vs) have been obtained for various 
locations using state of the art equipment and software.  About 7 MASWs are 
conducted at seven sites for a maximum horizontal spread length of 150-300m in 
the areas where geotechnical drilling is not possible due to local geology or not 
approachable due to congested or populated areas.  Similarly, 03 DHT survey are 
also conducted down to depth 100m and the data are correlated with local geology 
and N values.  The correlation between N and Vs are not possible in this area due 
to high N values obtained starting from 1.5m depth onwards. 
 
Vs(30) map is prepared using both MASW and DHT data which are spread across 
the city (Map Vs (30)). 
 
Finally, site-specific surface level seismic hazard parameters are estimated in terms 
of PGA and spectral acceleration and design response spectra using site specific 
data collected from each borehole with MASW and DHT data. These data are 
analysed (objective of data analysis) through state-of-the-art software (SHAKE) for 
both for Earthquake Return Period (T) of 475 years and for Earthquake Return 
Period (T) of 2475 years conditions for varying material type, soil layer, water table, 
density, layer parameters (Vs, thickness) and input earthquake ground motion. At 
each site the vertical variation of PGA from the engineering bedrock depth are 
estimated. Acceleration time series at the surface, soil amplification factors, 
response spectra (both design response and normalized response spectra) and 
Fourier spectra at 25Hz are estimated as the output parameters at each site.  The 
PGA maps at the surface level are generated using GIS software for both 
Earthquake Return Period (T) of 475 years and Earthquake Return Period (T) of 
2475 years conditions. The spectral acceleration maps at the surface level are 
generated at periods of 0.2s, 0.5s, 1.0s and 2.0s. 
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Liquefaction hazard map is prepared based on the factor of Safety for the depths 
of 0-3m, 3-6m and 6-9m for both for Earthquake Return Period (T) of 475 years and 
for Earthquake Return Period (T) of 2475 years. The water table map is generated 
which is used for assessment of site-specific soil liquefaction.   Factor of Safety (FS) 
is ranges between <1.0, 1.0-2.0 and >2.0. Result shows that there is no possibility of 
soil liquefaction. However, few sites where water table is less than 5m is found to 
possess some marginal indication of liquefaction chances for a maximum moment 
magnitude 7.0. Red colour indicates the lesser and marginal chances of liquefaction 
if water table become less than 2m. The magnitude scale factor is also important 
for assessment of liquefaction study which is incorporated in this study. The 
liquefaction assessment is checked based on both N-values and shear wave 
velocity using simplified procedure of Seed and Idriss (1971). As per the guidelines 
of NCEER (1997), factor of safety varies between 1-2, may be considered as the 
tendency for soil liquefaction.  
 
Engineering bedrock is varying between 5m down to depth maximum 30m and 
this depth has been fixed based on the MASW and DHT Data and SPT-N-values. 
Figure 7.3 shows the spatial variation of engineering bedrock depth as obtained 
through the SPT-N values across the city. 
 
Finally, the entire 7 hazard maps (PGA, LQ, EBR, peak amplification, Vs(30), Peak 
frequency and geology and geomorphology) are integrated and a single hazard 
map is prepared using Analytic Hierarchy Process called hazard index map. The 
hazard index (HI) for Earthquake Return Period (T) of 475 years and for 
Earthquake Return Period (T) of 2475 years is shown in figure 9.4 and figure 9.5 in 
Chapter-9. The entire area is demarcated into three zones, Zone-I of Low hazard 
(green shaded area); Zone II: Intermediate Hazard (yellow shaded area) and Zone 
III: High Hazard zone (red shaded area).  

 

 
  Figure 10.1: Comparison Study of Normalized Spectra and BIS based Spectra 
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CONCLUSIONS AND RECOMMENDATIONS 
 

1. Seismic microzonation of 30 Indian Cities are selected based on the population 

density of more than half million and falling under seismic zones III, IV and V. 

 

2. Seismic microzonation study of Coimbatore city falling under seismic zone III 

is conducted under the project of seismic microzonation of 30 cities in India by 

National Centre for Seismology, Ministry of Earth sciences, Government of 

India. 

 

3. Seismic microzonation of Coimbatore city is conducted on 1:25,000 scale of 

Survey of India Toposheet comprising a total surface area of 106 km2 of 

Coimbatore city to unveil the degree of seismic hazard and risk associated in 

the city. 

 

4. First a preliminary hazard analysis is conducted based on the seismic 

instrumental data more commonly known as the noise survey in a close grid 

size 500m x 500m which provided site specific variation of the peak 

amplification ratio and predominant frequency (Hz) for each site and based on 

these data two hazard maps of Peak amplification and Predominant Frequency 

are generated using GIS.  Relatively high frequency contents and low 

amplification are observed which directly indicating the complex geological 

and geomorphic terrain and indicating weathered basaltic and hard formation, 

these erroneous values are further confirmed through near surface geotechnical 

and geophysical investigations.   

 

5. Near surface geological and geomorphic attributes are identified from few 

selected sites after the correlation between field SPT data and soil laboratory 

data yielding by geotechnical drilling, dynamic cone penetration test and 

average shear wave velocity by geophysical methods.   

 

6. A thin soft soil followed by weathered rock and hard rock from the surface are 

identified based on both Down hole seismic test (DHT), Multichannel Analysis 

of Surface Waves (MASW) and samples collected through Standard 

Penetration Test (SPT). Further compact rock is confirmed through core drilling 

(RQD>75%). Overburden soil layers in the form of laterites /clayey sand / silt 

layer is noticed in the boreholes. The thickness of soil layer varies from 3.0 m 

to 9 m only. 
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7. Water table has a key role for seismic hazard assessment, which measures the 

depth dependent confining pressure and estimated the pore water pressure, 

are useful parameters for estimation of soil liquefaction and factor of safety. In 

this study the water table depth of Coimbatore city is verified by drilling 

through this project and the data collected from the other agencies like state 

and central ground water broad authorities. A wide variation of water table 

(WT) is found from 3.5m to 17m across the city. These WT data are used for 

estimation of effective confining pressure for correcting N value for a 

subsurface soil layer and cyclic resistance ratio under which the soil layer is 

placed under certain overburden pressure.   

 

8. Probabilistic seismic hazard analysis for (a) 10% probability of exceedance of 

ground motion in 50 years for an earthquake of return period of 475 years and 

(b) 2% probability of exceedance of ground motion for an earthquake of return 

period of 2475years are estimated at the surface level.  

 

9. The engineering bedrock depths in the city of Coimbatore are very shallow in 

most part of the city from 5m to beyond 30m whose average shear wave 

velocities are varying between 340m/s to Vs.766m/s as per the field 

investigations conducted using geophysical methods. 

 

10. Surface Peak ground acceleration (PGA) is varied from 0.070-0.120g at 10% 

probability of ground motion and the surface PGA varies from 0.111 to 0.200g 

based on 2% probability of exceedance at 50 years. These surfaces PGA are 

compared with the seismic zone factor for Coimbatore city. These results 

showed some higher side of PGA value compared to existing seismic Zone 

factor map of IS 1893, this may be possible because of influence of subsurface 

soil and its physical behaviour is included in this analysis. This data along with 

the earthquake response spectra will be useful for the different stakeholders for 

city planning and preparedness of earthquake resistance design structures, 

development of infrastructures in the Coimbatore city by proper planning of 

land use and land cover. 

 

11. Liquefaction hazard analysis also conducted for the Coimbatore city and a GIS 

based Map of soil liquefaction is generated based on the factor of safety. Results 

show that no significant liquefaction characteristic is noticed for the 

Coimbatore city for earthquake return period of T=475 years but moderate 

liquefaction characteristic are noted in the southern portion of the city. 
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12. Undifferentiated Fluvial/Coastal sediments produce relatively more seismic 

hazard than the Peninsular Gneiss, Migmatite -Gneiss Complex and Granite 

compositions in the city. Using Analytical Hierarchy Process (AHP, Saaty 

1968), Hazard Index maps (Chapter 9) have been generated after integration of 

7 categories of hazard maps such as Peak Amplification, frequency, 

engineering bedrock depth, Liquefaction, Geology and geomorphology, and 

average shear wave velocity of Coimbatore city. The hazard index map is 

represented by three different level of hazards as low hazard zone(green), 

moderate hazard zone(yellow) and high hazard zone(red) for both 2% and 10% 

probabilities for 50 years of design ground motion exceedance. Based on this 

study the entire area of Coimbatore city is categorized into three groups of 

hazards i.e. relatively low, moderate and high hazards levels. The proportion 

of the area in each hazard zone slightly differs between the 2% and 10% 

exceedance. The area ratio for low, moderate and high hazards for the 2% 

exceedance, corresponding to an earthquake return period of 2475 years, is 

51:43:7 as shown in Map 9.2. 

 

13. Over all the multi-parametric GIS based seismic hazard maps of Coimbatore 

city will be useful for smart city planning against natural disaster due to 

earthquakes to meet the sustainable development goals under the Sendai 

Frame Work of sustainable development goals. 

 

14. Since the liquefaction potential remains unchanged when analysed using both 

conventional methods and the advanced Cyclic Tri-axial Test (CTT), it can be 

inferred that for these specific geological formations, laboratory investigations 

for liquefaction analysis may not be necessary in the near future. 

 

15.  In this project site-specific surface level hazard parameters are estimated based 

on the earthquake load only, however, wind load is also an important factor for 

few areas that need to be considered before the construction of high-rise 

structures in these areas. 

 

16. Broadly seven levels of GIS-based seismic microzonation maps (PGA, factor of 

Safety, amplification ratio, predominant frequency, engineering bedrock 

depth, average shear wave velocity, Geology and geomorphology) based on 

the geotechnical and geophysical data generated through this project and some 

other reliable data sources (SOI, GSI and literature).  

 

17. Factors of safety of less than one unit are confirmed liquefaction sites are 

estimated after considering the worst-case water table depth (zero m). 
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18. Users may use these site-specific seismic hazard parameters for multiple 

purposes including structural design within the demarcated study area. 

However, they may be further consulted to NCS-MoES, if the designing 

structures are located beyond this study area or construction of 

important/critical structures within the study area. (e.g., Nuclear Power Plants 

or Thermal power plants, Hydropower plants etc). 

 

Uses of Seismic Microzonation Map 
 
Seismic microzonation maps are essential tools for earthquake risk assessment and 
informed urban planning. These maps classify regions based on their susceptibility 
to seismic hazards, considering factors such as soil composition, geological 
structure, and ground motion potential. Key parameters typically mapped include 
Predominant frequency (PF), Peak amplification (PA), Peak Ground Acceleration 
(PGA), Spectral Acceleration (SA), Liquefaction Potential (LQ), Shear wave 
velocity (Vs), and Groundwater table depth. By integrating such data, seismic 
microzonation provides a scientific basis for policymaking and construction 
practices that enhance a city's resilience and reduce potential earthquake damage. 
Below are some of the major applications: 
 
1. Urban Planning and Zoning: Identifies high-risk seismic zones to guide land-

use planning and recommend suitable construction techniques. 

2. Building Code Implementation: Supports the development and enforcement of 

site-specific, earthquake-resistant building codes. 

3. Public Awareness and Safety: Educates communities about local seismic risks 

and encourages preparedness measures. 

4. Insurance and Risk Assessment: Assists insurance providers in evaluating 

property risk levels and determining appropriate premiums. 

5. Infrastructure Development: Informs the safe placement and construction of 

critical facilities such as hospitals, schools, bridges, and dams. 

6. Disaster Risk Reduction: Aids emergency planning by pinpointing areas 

vulnerable to liquefaction, landslides, and seismic wave amplification. 

7. Post-Earthquake Recovery: Guides reconstruction efforts by identifying zones 

that are safer for rebuilding. 
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