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ABSTRACT 

This study employs seismic techniques for the site characterization of the Korba region in Chhattisgarh, India. Seismic activity has been reported in this 

region lately, classifying this region in seismic zone III, according to the Building Materials and Technology Promotion Council (BMTPC) assessment 

(2006). We gather data from 30 different locations in the Korba region, using the Tromino instrument. We estimate the fundamental frequency, construct 

shear wave velocity for subsurface classification of the Korba region, and develop Horizontal-to-Vertical Spectral Ratio (HVSR) curves for ambient noise 

data in accordance with the National Earthquake Hazards Reduction Programme (NEHRP) criteria. We calculated the liquefaction vulnerability index (Kg), 

amplification value, and peak resonant frequencies from the HVSR curve. Amplification factors range from 1.18 to 10.02, while the peak resonant 

frequencies span from 1.146 to 15.062 Hz. Vs30 for the region varies between 140.06 and 646.90 m/s. These findings indicate presence of soft soil in the 

western portion of the region, which is situated along the Hasdeo River's bank. In majority of the places, we discovered that the Kg value was less than 10, 

indicating low liquefaction vulnerability in the examined area. 

Keywords: Horizontal-to-vertical spectrum (HVSR), Shear wave velocity, Peak resonant frequency, Site characterization, Liquefaction vulnerability index 

(Kg), Digital Elevation Model (DEM). 

INTRODUCTION 

Classification of the nature of subsurface, plays a major role in 

generating seismic damage risks (Gupta et al. 2021), as soil 

properties influence the likelihood and severity of an 

earthquake in a particular region (Akkaya and Ozvan, 2019). 

Earthquakes produce strong and dynamic forces that travel 

through the earth as seismic waves. These waves have the 

potential to induce seismic activity, resulting in vibrations that 

can impact structures and their foundations. Comprehending 

the soil's response to these dynamic stresses, is crucial as it 

differs significantly from its behaviour under static loads, such 

as the weight of a structure (Farrugia et al., 2016). 

Understanding the behaviour of soil under dynamic loads, 

helps in selecting suitable structures that can withstand seismic 

forces and implementation of appropriate mitigation measures. 

The soft soil layer’s resonance frequency and shear wave 

velocities (VS), are crucial for predicting ground motion and 

effectively preventing or mitigating seismic catastrophes 

(Farrugia et al., 2016). Comprehending the geographical 

variances is crucial for evaluating earthquake hazards, 

preparing for them, and designing robust infrastructure (Ansal, 

1999). 

Many studies have been conducted on seismic site 

characterization in various regions (Picozzi et al., 2009; Foti et 

al., 2011; Gupta et al., 2019; Cultrera et al., 2021; Gupta et al., 

2021; Vijayan et al., 2022). However, no similar study has been 

conducted in the surrounding areas of the Korba region. The 

current increase in seismic activity in several districts of 

Chhattisgarh, including Korba, highlights the need to 

understand the subsurface dynamics for upcoming 

developmental projects (Parashar, 2023). 

The studied region lies under seismic zone ‘III’ of India, which 

is a moderate-intensity zone that is assigned under zone factor 

0.16. (BMTPC 2nd edition). The Hasdeo river flows in the 

southern part of the Korba, which divides it into two parts 

(Singh et al., 2016). The coal mines of Korba include 

Manikpur, Gevra, Dipka, Kusumunda, Laxman, Pavan, 

Rajgamar, Balig, Banki, and Surakachhar, out of which 

Manikpur, Gevra, Dipka and Kusumunda are operated as open 

cast mines (Singh et al., 2016). 

The current population of the Korba region is approximately 

5,00,000, which has increased by 1.86% since 2022 (Census of 

India, 2011). With the increase in population, more 

construction work is happening in this region. The Korba 

region lies in seismic zone III, where an earthquake up to 

magnitude 6 can be expected (Sairam et al., 2011). This would 

have the potential to damage single-story or multi-story 

buildings. Therefore, any development in this region should be 

done by taking into consideration the seismic parameters to 

mitigate potential damages and ensure resilient development of 

projects. 

Seismic site characterization is often used to identify the sub-

surface material properties of the earth. Parameters that are 

used to define these material properties are, the shear modulus 

and shear wave velocity, among others (Pandey et al., 2016). 

Vs 30 value varies with depth as the subsurface profile changes, 

so thereby with the application of site characterization, we can 

identify the material properties of any zones as well (Gupta et 

al., 2019). Many site characterisation techniques are used to 

identify the characteristics of a site to facilitate ground 

response analysis, such as Horizontal-to-vertical spectral ratio 

(HVSR) (Nakamura, 1989), Multichannel analysis of surface 
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wave (MASW) (Park et al., 1999), Surface analysis of surface 

waves (SASW), and many more. 

In the current study, the Horizontal to Vertical spectral ratio 

(HVSR) site characterization method was used to classify the 

subsurface characteristics in the Korba region. Because of its 

affordability and ease of integration, HVSR is one of the 

popular non-invasive geophysical site characterization 

technique, which is used for the measurement of site 

amplification through the resonant frequency, generated by a 

three-component seismograph (Lachetl and Bard, 1994). After 

Nakamura (1989), many researchers used this technique to 

analyse the seismic site characterization (Nakamura, 1989, 

1996, 2000; Field and Jacob, 1993; Bard, 1998; Gallipoli and 

Mucciarelli, 2009; Sisman et al., 2018; Tiwari et al., 2024). The 

main objective of this study is to generate the HVSR curves for 

ambient noise data and estimate the predominant frequency, 

i.e., fundamental frequency. Then, further inverting the data, 

we aim to achieve the shear wave velocity profiles to classify 

the sub-surface of the Korba region as per National Earthquake 

Hazards Reduction Program NEHRP guidelines (Safety, 2003). 

The NEHRP, classifies the soil into five types based on their 

average shear wave velocity at 30 m (Vs30), i.e., 

(i) Soil Type A: Vs30 > 1500m/s, described as hard rock. 

(ii) Soil Type B: 760<Vs30< 1500m/s, described as rock. 

(iii) Soil Type C: 360<Vs30< 760m/s, described as soft 

rock/very stiff soil, mostly gravels. 

(iv) Soil Type D: 180<Vs30< 360m/s, described as sand, silt, 

very stiff clay or some gravels. 

(v) Soil Type E: Vs30< 180m/s, described as soft clay. 

 For this purpose, we attempted to collect ambient noise data 

by using the Tromino instrument in the Korba region. The 

Tromino is a versatile all-in-one seismometer used for subsoil 

characterization (HVSR, MASW, and more) and vibration 

monitoring. It is equipped with three velocimetric and 

accelerometric channels, one analog channel, and one GPS 

receiver. Its working range is 0.1Hz to 1024 Hz, making it a 

valuable tool for a wide range of seismic studies. 

(https://www.tromino.it/). The HVSR curves are used to 

measure the velocity contrast between the upper and the lower 

sedimentary layer of the earth (Parolai et al., 2002) 

GEOLOGY AND  TECTONICS  

The study area covers the region between 22°15′ N to 22°30′ N 

and 82°15′ E to 82°55′ E with an area of about 530 km2 (Raja 

Rao, 1983). Singh et al. (2016) reported some of the operational 

mines in the Korba region, which include Gevra, Dipka, 

Kusumunda, Manikpur and Rajgamar. One of the study (Govil 

and Guha 2023) reported the lithology of the Rajgamar coal 

mine, where they described the occurrence of an alluvial soil 

layer within the top 5.2 m of the ground. beneath that there are 

different layers of sandstone, coal, shale sandstone, seam coal 

and coal. Singh et al. (2016) further showed that the Gondwana 

rocks occur all around the Korba coalfield except on the east 

side where Archean rocks are present, besides Barakars, 

Talchirs and Kamthi formations. The southern part of the 

Korba coalfield is faulted, due to which the upper part of the 

Barakar formation is directly exposed over the underlying 

basement. 

In another significant study, Singh et al. (2018), which 

focused on a region primarily distinguished by the upper strata 

of the Early Permian Barakar Formation, belonging to the 

Lower Gondwana Group. The geological formations in this 

region have an east-west orientation and often have a southerly 

inclination of around 5°-8°. The region is characterised by 

many transverse faults that exhibit varied orientations, 

including northeast-southwest, northwest-southeast, and east-

west, with varying levels of displacement. An east-west fault is 

also located which tilts towards the south and 

connects the Upper and Lower Barakar Formations. 

Significantly, this geological fault separates the Lower Barakar 

Formation from the Upper Barakar Formation and probably 

intersects the Hasdeo River with a very small amount of 

displacement. The E-W trending fault is the primary structural 

feature in the area and serves as a major source of seismic 

activity. It influences the subsurface hydrology and can trigger 

minor seismic events.  

METHODOLOGY 

Horizontal to vertical spectral ratio (HVSR) 

 Nakamura (1989), though credited as the developer of this 

technique, it was originally suggested by Nogoshi and Igarashi 

(1970). The fundamental frequency of the soil and site 

amplification from microtremor data are estimated using the 

HVSR method. This method helps construction engineers to 

implement earthquake-resistant design features. It increases 

resilience and safety. It also improves earthquake preparedness 

and reduces potential damage during future seismic events. 

Weak and strong ground motions can be used to construct 

HVSR curves for soil characterisation (Gallipoli and 

Mucciarelli, 2009; Özalaybey et al., 2011; Askan et al., 2015, 

2017; Sisman et al., 2018; Gupta et al., 2019). HVSR 

determines the amount of signal strength variation across 

various frequencies in both horizontal and vertical directions. 

It’s a mean of comprehending a signal’s properties in terms of 

its directed energy distribution. It is defined as, 

𝐻𝑉𝑆𝑅 =
√𝐻𝑁𝑆

2 + 𝐻𝐸𝑊
2

𝑉
 

(1) 
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Where the vertical, east-west, and north-south components of 

the waveform are denoted by V, HEW, and HNS, respectively. 

The distinctive shape of the HVSR amplitude offers a 

dependable estimate of the site amplification function. This 

function contributes significantly to the resonance effect, 

significantly contributing to heightened vibrations within a 

structure (Nakamura, 1989; Lachetl and Bard, 1994; Herak, 

2008; Clavero et al., 2014). Our method carefully follows the 

steps and guidelines provided by SESAME (2004) for the 

collection and processing of ambient noise data for HVSR 

calculation. 

Data acquisition and processing 

This study used a Tromino instrument to collect microtremor 

data from 30 observation points in the studied region as shown 

in Figure 1. The Tromino instrument features three-component 

orthogonal velocity meters, susceptible to electrodynamic 

signals. As directed by the instructions of the manufacturer’s, 

the Tromino is positioned and levelled on flat ground, aligned 

north-south to capture noise data (Gupta et al., 2019, 2021). 

According to Okada and Suto (2003), frequencies more than 1 

Hz are produced by anthropogenic sources, while frequencies 

lower than ~1 Hz are often associated with natural events. The 

microtremor data was gathered for 30 minutes at a sample 

frequency of 1024 Hz at each observation site. HVSR data 

processing was done using Geopsy software 

(www.geopsy.org). 

Additionally, the data was processed by dividing them into 

stationary windows of 20 to 40 seconds, with the following 

parameters applied: 2s for short-term averaging (STA), 30s for 

long-term averaging (LTA), and 0.2 and 0.3s for low and high 

STA/LTA thresholds, respectively (Hellel et al., 2012). The 

individual spectra were processed using the technique of 

Konno and Ohmachi (1998) with a bandwidth coefficient of 

b=40, before being averaged. Following the widely accepted 

standard criteria described in SESAME (2004), a 

demonstration of Horizontal-to-Vertical Spectral Ratio 

(HVSR) curve was calculated for every site and those in the 

array. The liquefaction vulnerability index (Kg) values at each 

location were determined through an empirical formula 

correlating the dominant frequency (fo) and amplification 

factor (Ao).

 

 

Figure 1. Map showing the locations of microtremor area measurement 
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𝐾𝑔 =
𝐴𝑂
2

𝑓𝑂
 

(2) 

 Shear wave velocity 

The Dinver software (www.geopsy.org) was used for the 

inversion of the HVSR curve, resulting in the velocity profile 

for the input data. The inversion process involves 

systematically searching for parameters that yield the optimal 

model by minimizing the misfit value (Hobiger, 2011). 

Parameter constraints that were applied in Dinver during the 

inversion are, compression-wave velocity, Poisson’s ratio, 

shear-wave velocity, and density. All the parameters were 

defined as per the pre-defined specified ranges. P wave velocity 

(Vp), S wave velocity (Vs), and density characteristics were 

employed as limitations in previous studies to create a model 

that closely approximates the actual subsurface structure 

(Katriani et al., 2019; Susilanto et al., 2019). The ellipticity 

curve is a useful modelling tool that is utilised in the inversion 

of the HVSR curve. The idea behind this method is to combine 

the signal window derived from microtremor data in order to 

distinguish Rayleigh waves from other types of waves. The 

energy of the combined horizontal and vertical signals inside 

the signal window is then calculated beyond that. The 

ellipticity of Rayleigh waves may be determined using this 

energy as a measure. A relationship between the subsurface 

structure and the Rayleigh wave ellipticity is established and is 

explained as a function of frequency. In particular, it sheds light 

on the sediment thickness and shear wave velocity profiles 

within the geological layers. Essentially, by carefully 

examining the Rayleigh wave properties, the ellipticity curve 

becomes an invaluable instrument for understanding the 

complex features of underground structures (Hobiger et al., 

2009). 

RESULTS AND DISCUSSION 

For 30 investigated sites in the Korba region, the Horizontal-

to-Vertical Spectral Ratio (HVSR) curves were obtained. 

Examples of the HVSR curves of some investigated locations 

are shown in Figure 2. This showed the dominant frequency 

and amplitude characteristics, which are shown in Figures 3 

and 4, respectively. The presented spectral ratios showed a 

frequency range of 0.2-20 Hz, which is essential for assessing 

common civil engineering structures. Impedance differences 

between the underlying hard rock and the superficial soft layers 

are indicated by diagnostic peaks in the HVSR curves. Large 

peak values frequently indicate sharp contrasts, which may 

imply that ground motion is amplified (Parolai et al., 2002; 

Sukumaran et al., 2011; Singh, 2015; Singh et al., 2017a).

 

Figure 2. A sample of HVSR curves obtained at (a) location 5 (Sarwamangala Para), (b) location 6 (Ratakhar), (c) location 10 (Dhondi 

Para) and (d) location 12 (Manglam Vihar). 

http://www.geopsy.org/


J. Ind. Geophys. Union, 30(1) (2026), 35-44  Tushar Singhania et al., 

39 

 

Figure 3. Spatial distribution of peak resonant frequency (Hz) in the study area. Black dots indicate the locations of measurement points. 

 

Figure 4. Spatial distribution of amplification factor in the study area. Black dots indicate the locations of measurement points. 
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Peak resonant frequencies in the Korba region vary mostly 

between 1.146 and 15.062 Hz, and the corresponding 

amplification factors fall between 1.18 and 10.02. Figure 5 

represents some examples of shear wave velocity profiles at a 

depth of 30 m (Vs30), as derived by the inversion of HVSR 

curves. The value of Vs30 ranges from 140.06 to 646.90 m/sec. 

Our results indicate that the majority of the Korba region under 

study fits into the D soil type category, which can be defined 

as sand, silt, extremely stiff clay, or certain gravels, in 

accordance with the guidelines of the NEHRP, as can also be 

noted from Figure 6. 

 

 

Figure 5. A sample of shear wave velocity profiles obtained at (a) location 5 (Sarwamangala Para), (b) location 6 (Ratakhar), (c) location 

10 (Dhondi Para) and (d) location 12 (Manglam Vihar).  

 

Figure 6. Spatial distribution of shear wave velocity (Vs30) in the study area. Black dots indicate the locations of measurement points 
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In the western part of the region located to the bank side of the 

Hasdeo River, the value of amplification factor and peak 

resonant frequency was observed to be relatively high and low, 

respectively, which indicates that the soil in that part would be 

less denser or near to soft (Kramer, 1996). In the North- Eastern 

part of the study area, the value of the amplitude and peak 

resonant frequency was observed to be relatively low and high, 

respectively, which indicates that the soil in that part would be 

more denser or soft rock (Kramer, 1996). Figure 7 illustrates 

the Digital Elevation Model (DEM, i.e., Cartosat DEM of 30 

m resolution, revealing a distinct topographical pattern along 

the Hasdeo riverbank. To the west of the region, the terrain 

exhibits lower elevations, gradually ascending towards the 

east. Furthermore, the amplitude and frequency values indicate 

a correlation with soil density. Softer soil can be observed in 

the lower elevation areas, while denser soil is prevalent in the 

higher elevation regions. 

Further, the soil's vulnerability to liquefication was measured 

using the liquefaction vulnerability index (Kg value) 

(Nakamura, 1996). For the betterment of land use planning and 

mitigating the risk of earthquakes, Kg values offer crucial 

information on the site's condition (Singh et al., 2017b). The Kg 

value ranges from 0.03 to 17.65, as seen in Figure 8. High Kg 

values were found at two locations along the Hasdeo River, 

indicating that liquefaction occurs at areas with Kg > 10 

during large earthquakes (Nakamura, 1996; Huang and Tseng, 

2002; Saita et al., 2004; Beroya et al., 2009; Singh et al., 

2017b). The Kg value in this study appears to be lower, 

suggesting that the investigated Korba regions have a lower 

risk of damage from liquefaction (Singh et al., 2017a ).

 

Figure 7. Digital Elevation Model (DEM) for the study area. Black dots indicate the locations of measurement points 
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Figure 8. Spatial distribution of Liquefaction Vulnerability Index (Kg) for the study area. Black dots indicate the locations of 

measurement points 

CONCLUSIONS 

In the present study, we examined the ambient noise data for 

30 sites in the Korba area. Our primary objectives was to 

provide liquefaction vulnerability index (Kg), shear wave 

velocity (Vs30) profile, and horizontal-to-vertical spectral ratio 

(HVSR) curves. Our findings reports the presence of soft soil 

in the western part of the studied region, which means that 

these areas are more prone to liquefaction. Our findings in this 

study will help the engineers to consider all the important 

factors required before conducting any construction projects in 

that region. We also find that in the major part of the studied 

region, the value of the liquefaction vulnerability index is very 

low, which indicates that these areas have a low risk of ground 

failure and damage to infrastructure due to low liquefaction 

during earthquakes, which has important implications for 

planning of construction projects and disaster preparedness 

efforts. 
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