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Abstract 30 

Bangladesh is vulnerable to large earthquakes because of its location within the active Eurasia–31 

India–Burma plate tectonic system and the widespread occurrence of thick soft sediments 32 

across the Bengal Basin. The long-period shaking of high-rise buildings in the Bangkok Basin 33 

during the 2025 MW 7.7 Myanmar earthquake highlighted the importance of understanding the 34 

response of deep sedimentary basins to far-field earthquakes. In Bangladesh, the Bangladesh 35 

National Building Code (BNBC) adopts 𝑉ௌ30 based seismic site characterization, where the 36 

influence of deep, soft sedimentary sequences on site response remains undermined. This study 37 

presents the regional assessment of seismic site response in terms of elastic response spectrum 38 

at nineteen sites across the Bengal Basin using one-dimensional (1D) linear simulations of two 39 

far-field earthquake ground motions and deep shear-wave (S-wave) velocity (VS) profiles 40 

derived from a previous horizontal-to-vertical spectral ratio (HVSR) inversion study. Rather 41 

than quantifying absolute amplification, the study investigates the predominant response 42 

periods associated with the deep sedimentary sequences of Bangladesh. The reliability of the 43 

velocity models was evaluated through comparison with standard penetration test (SPT) based 44 

site classifications. Many stations exhibited dominant spectral periods approaching 1 s, 45 

exceeding the peak periods of the BNBC design spectra, with engineering bedrock depth being 46 

a controlling factor on the dominant site response period. This study shows that the deep soft 47 

sediments of Bangladesh have the potential to amplify long-period ground motions from far-48 

field earthquakes, suggesting that the traditional 𝑉ௌ30 based seismic site characterization alone 49 

is insufficient here and should incorporate engineering bedrock depth. 50 

 51 

Keywords: Engineering bedrock depth, Elastic response spectrum, Frequency-dependent 52 

amplification, Seismic soil classification, Thick soft sediments, Bangladesh National Building 53 

Code (BNBC). 54 

 55 

Article Highlights 56 

• First regional attempt to explore far-field earthquake effects in the deep sedimentary Bengal 57 

Basin. 58 

• Long-period site response may extend beyond the periods represented in BNBC (2020) 59 

design spectra. 60 
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• Dominant site response period varies systematically with engineering bedrock depth. 61 

 62 

1. Introduction 63 

Earthquakes are among the deadliest natural hazards, capable of causing severe casualties and 64 

catastrophic structural damage worldwide. The severity of earthquake damage depends not 65 

only on earthquake magnitude, rupture characteristics, and seismic wave propagation paths but 66 

also on local site conditions that modify incoming ground motions before they reach the Earth's 67 

surface (Borcherdt, 1994; Street et al., 1997). Moreover, shaking amplified by basin resonance 68 

(Bard & Gariel, 1986; Theodoulidis et al., 2017), and soil-structure interaction (Gallipoli et al., 69 

2004) may elevate the destruction. Numerous destructive earthquakes, including the 1985 70 

Mexico City, 1995 Kobe, 1999 Chi-Chi, and 2011 Tohoku earthquakes, have demonstrated 71 

that local geological conditions can potentially amplify seismic waves, alter their frequency 72 

content, shaking duration to increase structural damage (Borcherdt, 1994; Kaklamanos et al., 73 

2015). Recently, the 2025 MW 7.7 Myanmar supershear earthquake produced severe, long-74 

period shaking in the Bangkok Basin, located approximately 600 km from the epicenter, 75 

causing significant oscillation in high-rise buildings and the collapse of a high-rise structure 76 

(Ornthammarath et al., 2025; Pananont et al., 2026). Amplification of long-period far-field 77 

earthquake ground motions in sedimentary basins has also been reported in other regions of the 78 

world (Berge-Thierry et al., 2001; Cruz-Atienza et al., 2016; Furumura & Kennett, 2019). This 79 

phenomenon demonstrates the importance of understanding the far-field earthquake ground 80 

motions on thick sedimentary basins like the Bengal Basin in Bangladesh. 81 

Seismic site characterization is a fundamental component of seismic hazard assessment and 82 

preparedness because it quantifies how local geological and geotechnical conditions modify 83 

earthquake ground motions as seismic waves propagate from engineering bedrock to the 84 

ground surface (Chopra, 1995). In conventional seismic hazard assessment approaches, 85 

regional ground motion predictive equations (GMPEs) or probabilistic seismic hazard 86 

assessments (PSHA) generally compute expected ground shaking at a standard engineering 87 

bedrock datum. However, executing a comprehensive seismic risk mitigation strategy requires 88 

mapping hazards at the ground surface, where civil infrastructure resides. This transition 89 

necessitates a robust evaluation of site response, which quantifies the frequency-dependent 90 

amplification and resonance phenomena induced by overlying soil columns (Rathje et al., 91 

2010).   92 
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Site response is commonly characterized by the amplification of earthquake ground motion 93 

and the frequency of the dominant amplification. These properties can be evaluated using 94 

empirical approaches, such as the horizontal-to-vertical spectral ratio (HVSR) method (Janusz 95 

et al., 2025; S. Molnar et al., 2018; Wu et al., 2026), site coefficients based on 𝑉ௌ30 (Borcherdt, 96 

1994), numerical site-response analyses, and analyses of recorded earthquake ground motions 97 

(Chowdhury et al., 2024; Wu et al., 2026). Owing to its simplicity, 𝑉ௌ30 has become the 98 

standard parameter for seismic site classification in the National Earthquake Hazards 99 

Reduction Program (NEHRP) (Street et al., 1997, 2001), Eurocode 8 (Lontsi et al., 2026; 100 

Pitilakis et al., 2019), and the Bangladesh National Building Code (BNBC, 2020). However, 101 

several studies have shown that 𝑉ௌ30 alone cannot adequately represent site amplification in 102 

deep sedimentary basins where engineering bedrock commonly occurs well below 30 m (Farazi 103 

et al., 2023; Manea et al., 2020; Rahman et al., 2021). Numerical site-response analyses, 104 

predominantly based on 1D equivalent-linear or nonlinear wave-propagation models, remain a 105 

widely accepted engineering approach because of their computational efficiency and reliance 106 

on vertically propagating S-waves through layered media (Kramer & Stewart, 2024; Seed et 107 

al., 1972). Although deep sedimentary basins may exhibit multidimensional wave scattering 108 

and basin-edge effects (Bard & Bouchon, 1985), 1D analyses still provide a practical basis for 109 

site-specific seismic hazard assessment. 110 

Where strong-motion observations are limited, realistic surface ground motions can be 111 

estimated by propagating earthquake motions recorded at a suitable hard-rock reference site 112 

through transfer functions derived from site-specific VS profiles (Molnar et al., 2022; Ordaz & 113 

Montoya, 2000; Wu et al., 2026). This approach enables the generation of synthetic ground 114 

motions and elastic response spectra while explicitly accounting for local geological 115 

conditions, making it particularly suitable for regional seismic hazard assessment in data-116 

limited sedimentary basins such as the Bengal Basin. 117 

Bangladesh occupies the major part of the Bengal Basin, one of the world's largest and deepest 118 

sedimentary basins (Alam et al., 2003; Bürgi et al., 2021), and is in a tectonically active region 119 

influenced by the ongoing convergence of the Indian, Eurasian, and Burma plates (Bilham, 120 

2004; Molnar & Tapponnier, 1975; Steckler et al., 2008). The country is bounded by the 121 

Himalayan tectonic system to the north and the Indo-Burmese subduction system to the east, 122 

while active structures such as the Dauki Fault, and the Chittagong Tripura-Tripura Fold Belt 123 

(CTFB)  further contribute to the regional seismic hazard (Bilham, 2004; Morino et al., 2011; 124 

Steckler et al., 2016) (Fig. 1). Historical earthquakes, including the 1762 Arakan, 1869 Cachar, 125 
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1885 Bengal, 1897 Great Assam, 1918 Srimangal, 1934 Bihar–Nepal, and the 2015 Gorkha 126 

Nepal earthquakes, demonstrate that Bangladesh is vulnerable to strong ground shaking 127 

generated by both nearby and regional seismic sources (Bilham & Hough, 2006; Lizundia et 128 

al., 2017; Oldham, 1899). Rapid urbanization, increasing population density, and widespread 129 

infrastructure development over thick unconsolidated sediments have further increased the 130 

country's seismic risk (Hossain et al., 2020; Rahman et al., 2015; Rahman, et al., 2018). 131 

Therefore, understanding how the geological conditions of the Bengal Basin influence the 132 

propagation and amplification of earthquake ground motions is essential for realistic seismic 133 

hazard assessment and earthquake-resistant structural design in Bangladesh. 134 

 135 
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Figure 1. Map showing tectonic elements in and around the Bengal Basin along with the 136 

distribution of the seismic stations from where the VS profiles of Farazi et al. (2023) were taken 137 

in this study and subsequently site response was estimated. The yellow triangles indicate station 138 

locations with nearby SPT boreholes, while the red triangles indicate those without a borehole. 139 

The red square symbolizes station SHL for the site response study. The blue and orange circles 140 

indicate the locations of the MW 7.3 and 6.7 earthquakes, respectively (Table 2). The blue 141 

dashed dotted line indicates the Dauki fault. The orange dashed dotted line indicates the 142 

inferred Indo-Burmese plate boundary thrust. The black dashed line indicates the Indo-143 

Eurasian plate boundary thrust. The triangle direction with these lines indicates the subduction 144 

direction. Pink dashed line indicates the Eocene Hinge Zone. The triangles indicate the seismic 145 

stations with the station code given in the text below. The orange color star denotes Dhaka, the 146 

capital city of Bangladesh. CTFB: Chittagong Tripura fold belt; IBR: Indo-Burmese ranges; 147 

FT: Faridpur trough; HT: Hatiya Trough; MTH: Madhupur Tripura High. The tectonic 148 

elements are from Alam et al. (2003) and Steckler et al. (2016). 149 

Several studies have investigated seismic site characterization and site response in Bangladesh 150 

using geophysical, geotechnical, and numerical approaches. Early investigations primarily 151 

focused on seismic microzonation and site amplification using borehole information, SPT data, 152 

ambient vibration measurements, and site response analyses for major urban areas such as 153 

Dhaka, Sylhet, Chittagong, etc. (Ansary et al., 2004; Ansary & Arefin, 2019; Rahman et al., 154 

2016; Rahman, et al., 2018; Rahman, et al., 2018). More recent studies have incorporated 155 

multichannel analysis of surface waves (MASW), P- and S-wave (PS) logging, HVSR analysis, 156 

equivalent-linear and nonlinear site response analyses, and comparisons with the BNBC (2020) 157 

to improve the estimation of site-specific ground motions and response spectra (Hossain et al., 158 

2023; Mitu et al., 2025; Rahman et al., 2021; Zaman et al., 2026). Additionally, PSHA and 159 

updated seismic source models have improved the characterization of regional seismic sources 160 

and expected bedrock ground motions regionally for Bangladesh (Rahman et al., 2025; Samm-161 

A et al., 2025). Although these studies have advanced the understanding of seismic hazard in 162 

Bangladesh, most of them, except the study of Rahman et al. (2021), primarily relied on 163 

shallow subsurface characterization or 𝑉ௌ30 based site classification. In Bangladesh, the BNBC 164 

(2020) estimates seismic site class and related design spectra regionally based primarily on the 165 𝑉ௌ30, SPT resistance, and undrained shear strength employing the PSHA approach. While this 166 

framework provides a practical representation of near-surface soil stiffness, it underestimates 167 

the influence of deep sedimentary structure as well as long-period ground-motion amplification 168 
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(Zaman et al., 2026), which may be significant in thick sedimentary basins such as the Bengal 169 

Basin. 170 

Recently, Farazi et al. (2023) performed the first HVSR inversion study regionally in the 171 

Bengal Basin using ambient noise measurements from nineteen seismic stations to estimate 172 

deep shear-wave velocity profiles and engineering bedrock depths. Their results demonstrated 173 

that engineering bedrock commonly occurs well below 30 m throughout much of the basin, 174 

suggesting that conventional 𝑉ௌ30 based site classification alone may not adequately represent 175 

the dynamic response of these thick sedimentary deposits. They further demonstrated the 176 

applicability of the derived velocity models through site-response analysis at a representative 177 

station (DHAK), where the predominant spectral period was approximately 0.8–1.0 s. Another 178 

study by Rahman et al. (2021) demonstrated that the engineering bedrock depth below Dhaka 179 

City is at >100 m. They also showed, using response spectrum estimation, that short-period 180 

ground motions are deamplified due to thick sediments, while long-period ones are amplified. 181 

Referring to the historical record of destruction caused to multi-story buildings due to distant 182 

earthquakes, they raised concern about the potential effect of far-field ground motion in Dhaka 183 

City by amplifying long-period ground motion to cause damage to high-rise buildings. 184 

Nevertheless, a comprehensive regional assessment of seismic site amplification using these 185 

deep velocity profiles has not yet been undertaken. In particular, the spatial variability of 186 

transfer-function characteristics, peak ground acceleration (PGA), pseudo-spectral acceleration 187 

(PSA), predominant response period, and their relationships with engineering bedrock depth 188 

and conventional 𝑉ௌ30 based site classification remain largely unexplored across the Bengal 189 

Basin. 190 

The recent observation from the Bangkok Basin following the 2025 MW 7.7 Myanmar 191 

earthquake emphasize the importance of understanding how thick sedimentary basins respond 192 

to distant large earthquakes. Like the Bangkok Basin, large parts of Bangladesh are underlain 193 

by thick, soft sediments capable of producing strong long-period shaking from large 194 

earthquakes originating along the Himalayan and Indo-Burmese tectonic systems. However, 195 

the scarcity of suitable broadband strong-motion recordings from nearby large earthquakes 196 

makes direct evaluation of regional site amplification difficult. Consequently, investigating far-197 

field earthquake response using simulated ground motions offers a practical, physically 198 

consistent approach to evaluating potential long-period amplification and regional variations 199 

in seismic site response throughout the Bengal Basin. 200 
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Seismic hazard assessment in Bangladesh has primarily focused on peak ground acceleration 201 

(PGA), 𝑉ௌ30 based site classification, and design spectrum coefficients adopted in the BNBC 202 

(2020). Consequently, the predominant response period, which governs the potential for 203 

resonance between earthquake ground motions and structures, has received comparatively little 204 

attention. Therefore, this study focuses primarily on identifying the predominant spectral 205 

period associated with the deep sedimentary structure of the Bengal Basin rather than 206 

quantifying absolute amplification levels. 207 

This study presents the first regional assessment of seismic site response across the Bengal 208 

Basin using one-dimensional (1D) linear simulations of two far-field subduction-zone 209 

earthquakes and deep shear-wave velocity (Vs) profiles derived from the HVSR inversion of 210 

Farazi et al. (2023). Because HVSR inversion is inherently non-unique, the reliability of the 211 

adopted velocity models was evaluated by comparing the resulting 𝑉ௌ30 based seismic site 212 

classifications with those independently obtained from SPT borehole data. The study then 213 

investigates the regional variability of elastic response spectra with respect to seismic site 214 

classification and the BNBC (2020) design spectra, and further examines the influence of 215 

engineering bedrock depth on the dominant ground-motion period and site amplification across 216 

the Bengal Basin. Motivated by the widespread long-period shaking observed in the thick 217 

sedimentary Bangkok Basin during the 2025 MW 7.7 Myanmar supershear earthquake, this 218 

study primarily focuses on the dominant elastic response period, rather than absolute 219 

amplification levels or PGAs, to investigate the potential of the deep soft sediments of the 220 

Bengal Basin to amplify long-period ground motions generated by far-field earthquakes. The 221 

findings of this study will provide valuable insights into the control of thick, soft soil on 222 

regional seismic site response and contribute to encourage improved seismic hazard 223 

assessment, site-specific ground-motion characterization, and earthquake-resistant design in 224 

Bangladesh considering long-period ground motion typical of a thick sedimentary basin. 225 

 226 

2. Study Area 227 

2.1. Geological Setting 228 

The Bengal Basin, occupying most of Bangladesh and extending into eastern India, is a 229 

pericratonic foreland basin along the eastern margin of the Indian Plate (Alam et al., 2003). 230 

With sedimentary successions reaching approximately 20–22 km in thickness (Mitra et al., 231 
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2018; Singh et al., 2016), it is one of the world's largest and deepest sedimentary basins. The 232 

basin lies at the junction of the Indian, Eurasian, and Burma plates, resulting in a complex 233 

tectonic framework. The megathrust fault of the  Indo-Burmese subduction system is inferred 234 

to extend beneath the eastern part of the basin (Steckler et al., 2008, 2016). Unlike most active 235 

subduction zones, the Bengal Basin is filled with enormous volumes of sediments transported 236 

from the Himalayas by the Ganges–Brahmaputra–Meghna (GBM) river system, forming one 237 

of the world's largest deltaic plains (Najman et al., 2008; Steckler et al., 2008). 238 

The basin is bounded by the Shillong Massif to the north, the Indian Craton to the west, the 239 

Indo-Burmese Ranges to the east, and continues southward into the Bay of Bengal (Mitra et 240 

al., 2006). It is subdivided into three principal tectonic provinces: the Stable Shelf, the Bengal 241 

Foredeep, and the Chittagong-Tripura Fold Belt (CTFB, Fig. 1). The Bengal Foredeep occupies 242 

the central part of the basin and consists of several tectonically controlled sub-basins, including 243 

the Surma Basin (Sylhet Trough), Faridpur Trough, and Hatia Trough, which supposedly 244 

formed through continued subsidence and intrabasinal faulting associated with the ongoing 245 

convergence of the surrounding tectonic plates (A. A. Khan & Chouhan, 1996). The Madhupur 246 

and Comilla tracts represent uplifted structural highs that separate the sub-basins (Goodbred et 247 

al., 2003). 248 

The Surma Basin in northeastern Bangladesh contains up to approximately 25 km thick 249 

sedimentary sequences (Johnson & Alam, 1991). Its northern boundary is defined by the active 250 

Dauki Fault, along which uplift of the Shillong Massif since the Late Miocene has been 251 

accompanied by continued subsidence within the foreland basin (Alam et al., 2003). East of 252 

the foredeep, the CTFB forms a series of north–south-trending anticlines and synclines 253 

produced by active deformation above the Indo-Burmese subduction system (Khan and 254 

Chouhan, 1996). This province represents the westernmost expression of the Indo-Burmese 255 

Ranges and exhibits markedly different topography and structural style from the relatively flat 256 

foredeep, with elevations increasing eastward to approximately 1500 m (Bürgi et al., 2021). 257 

The seismic stations considered in this study are distributed across the Bengal Foredeep and 258 

the CTFB tectonic provinces of the Bengal Basin (Fig. 1); therefore, the present investigation 259 

is confined to these structurally active regions. The deep basin comprises a thick sedimentary 260 

succession ranging in age from the Cretaceous to the Holocene (Alam et al., 2003). Within the 261 

study area, however, the shallow to intermediate subsurface is predominantly composed of 262 

Miocene to Holocene sedimentary sequences (Farazi et al., 2023). The upper several hundred 263 

meters generally consist of unconsolidated to weakly consolidated Holocene alluvial deposits 264 
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together with the fluvial Dihing and Dupi Tila formations, which are dominated by loose- to 265 

medium-grained sands with interbedded silts and clays. Owing to the dynamic depositional 266 

history of the GBM river system, the local stratigraphy exhibits considerable lateral facies 267 

variations and heterogeneity over relatively short distances (Small et al., 2009). 268 

 269 

2.2. Seismotectonic Setting 270 

The Bengal Basin in Bangladesh formed by the northward collision of the Indian Plate with 271 

the Eurasian Plate and subsequent sedimentation from the Himalayan River systems (Aitchison 272 

et al., 2019; Alam et al., 2003; Najman et al., 2008; Rao et al., 1994). The country is bounded 273 

by the actively converging Himalayan and Indo-Burman tectonic systems, making it prone to 274 

earthquakes generated by regional plate boundary faults and crustal fault systems (Maurin & 275 

Rangin, 2009; Steckler et al., 2008). Major active structures surrounding Bangladesh include 276 

the Dauki Fault to the north, the Indo-Burman subduction zone to the east, and the Sagaing 277 

Fault in Myanmar, all of which have generated large historical earthquakes affecting the region 278 

(Morino et al., 2011; Oldham, 1899; Szeliga et al., 2010). The regional seismotectonic setting 279 

together with the major active faults and historical earthquakes is shown in Figure 2. Based on 280 

BNBC (2020), the country is divided into four seismic zones (Zones I–IV) with design peak 281 

ground accelerations (PGA) of 0.12 g, 0.20 g, 0.28 g, and 0.36 g, respectively, with the 282 

northeastern region assigned the highest seismic hazard (Fig. 3). The nineteen seismic stations 283 

considered in this study are distributed across these seismic zones, providing representative 284 

coverage of the major geological and tectonic settings of Bangladesh. 285 

 286 

3. Data 287 

This study was conducted at 19 seismic stations sites across the Bengal Basin (Fig. 1), where 288 

1D VS profile up to around 3000 m depth was estimated by Farazi et al. (2023) by inverting 289 

noise HVSR. In this study, elastic site response spectrum was estimated using parameters of 290 

each site from these profiles, including P-wave velocity (VP), S-wave velocity (VS), density, 291 

and Poisson's ratio. 292 

A reference hard-rock site is required to estimate the incoming bedrock ground motion for 293 

regional site response analysis. For this purpose, station SHL, located in Shillong, Meghalaya, 294 

India (Fig. 1), was selected because it is situated on competent hard rock (Sadiq et al., 2018) 295 

and is currently the only openly available broadband seismic station in the vicinity of the 296 
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Bengal Basin. The station is operated by the India Meteorological Department under the IN 297 

seismic network (https://www.fdsn.org/networks/detail/IN/). Owing to the limited availability 298 

of suitable broadband recordings at SHL, only two large-magnitude regional earthquakes were 299 

available for the present analysis during the station's operational period. 300 

 301 
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Figure 2. Seismotectonic map of Bangladesh and surrounding regions exhibiting historical 302 

earthquakes. The earthquake data are taken from Ambraseys & Douglas (2004), Szeliga et al. 303 

(2010) and United States Geological Survey (USGS, 304 

https://earthquake.usgs.gov/earthquakes/search/). The map is modified from Kamal et al. 305 

(2021). 306 

Two regional subduction-zone earthquakes (Table 1) that occurred in Nepal and were recorded 307 

at station SHL were selected as the input motions for this study (Table 2). Both earthquakes 308 

are aftershocks of the MW 7.8 Gorkha earthquake sequence  (Lizundia et al., 2017) and 309 

represent the largest suitable subduction-zone events available in the SHL archive. Because 310 

large local subduction-zone earthquake recordings are unavailable within or adjacent to the 311 

Bengal Basin, these earthquake records provide the most appropriate observed input motions 312 

for simulating regional seismic site response in the study area. 313 

Table 1. Description of the seismic events used for site effect estimation. Source: USGS 314 

(https://earthquake.usgs.gov/earthquakes/search/). 315 

Event date GMT time Lat Long Depth (km) Magnitude 

(MW) 

2015-04-26 07:09:10 27.77 86.02 22.9 6.7 

2015-05-12 07:05:19 27.81 86.07 15 7.3 

 316 

Table 2: Information of reference site’s seismic station SHL. 317 

Station 

Code  

Site  Lat Long Sensor Sampling 

Frequency 

(Hz) 

SHL 
Shillong, 

Meghalaya, India 
25.566816 91.855949 Broadband 100 

 318 

For seismic soil classification at each seismic station, the site-specific subsurface velocity 319 

models previously developed by Farazi et al. (2023) through ambient-noise HVSR inversion 320 

were adopted. But the results of this study were obtained by highly non-unique HVSR 321 

inversion. Therefore, to verify the reliability of site class estimation from this study, we also 322 
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estimated site class from Standard Penetration Test (SPT) boreholes nearby 12 seismic stations 323 

(Fig. 1). The SPT boreholes were completed to a depth of 30 m at or near each seismic station. 324 

This sub-soil investigation provides SPT-N value at each 1.5 m depth intervals from the ground 325 

surface and lithology of a site. 326 

 327 

 328 

4. Methodology 329 

In the present study, simulated earthquake ground motions derived from the broadband 330 

reference station SHL were used as the input motions for one-dimensional linear elastic site 331 

response analysis. This approach provides a consistent input ground motion for all study sites 332 

and overcomes limitations associated with the heterogeneous instrumentation of the 333 

Bangladesh seismic network, where some stations are equipped with intermediate-period 334 

sensors whereas others use short-period sensors. Consequently, the simulated ground motions 335 

preserve the long-period frequency content of the reference recordings, allowing the influence 336 

of deep sedimentary deposits on seismic site response to be evaluated. This is particularly 337 

important in the Bengal Basin, where engineering bedrock commonly occurs at depths far 338 

exceeding 30 m (Farazi et al., 2023; Rahman et al., 2021), making conventional Vs30-based 339 

approaches insufficient for characterizing long-period site amplification. 340 

Although the selected earthquake records are far-field observations, with an epicentral distance 341 

of approximately 1162 km from the reference station SHL, they retain abundant long-period 342 

energy from subduction zone earthquake despite their relatively low amplitudes. Such ground 343 

motions are particularly suitable for investigating the linear elastic response of the deep 344 

sedimentary deposits underlying the Bengal Foredeep and the CTFB, where thick sedimentary 345 

successions preferentially amplify long-period seismic waves (Farazi et al., 2023; Furumura & 346 

Kennett, 2019; Rahman et al., 2021). The widespread long-period ground motions generated 347 

in the approximately 600 km distant Bangkok Basin during the 2025 MW 7.7 Myanmar 348 

earthquake (Ornthammarath et al., 2025; Pananont et al., 2026) further demonstrate the 349 

importance of evaluating the response of thick sedimentary basins to large regional 350 

earthquakes. Therefore, the selected earthquake records provide an appropriate basis for 351 

investigating the potential long-period seismic response of the Bengal Basin. 352 
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 353 

Figure 3. Seismic zonation map of Bangladesh (BNBC, 2020). 354 

The earthquake records from the hard-rock reference station SHL, previously validated by 355 

Farazi et al. (2023) using earthquake HVSR analysis (Fig. 4), were adopted as the input motions 356 
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for this study. Only the east–west (EW) horizontal component was used for all site response 357 

simulations and elastic response spectrum calculations. 358 

 359 

4.1. Computation of Elastic Response Spectrum  360 

The seismic response spectra were computed at 19 seismic stations in Bangladesh using two 361 

scenario earthquakes (MW 6.7 and 7.3) recorded at the reference station SHL (Fig. 1 and Table 362 

2). In this study, only the east–west (EW) horizontal component of the recorded accelerograms 363 

was used throughout the analysis because it exhibited a high signal-to-noise ratio and provided 364 

a consistent reference record for all simulations. The workflow for spectral acceleration 365 

estimation is illustrated in Figure 4. 366 

To incorporate local site effects, the recorded reference motion was modified using one-367 

dimensional transfer functions computed for each station. The transfer function describes the 368 

frequency-dependent amplification or de-amplification of vertically incident horizontally 369 

polarized SH waves within the soil column (Molnar et al., 2022). This is ultimately a ratio 370 

between the motion at the surface and that in the bedrock. The transfer functions were 371 

computed using the reflectivity method (Kennett & Kerry, 1979) based on the layered velocity 372 

models developed in this study. Each soil profile consists of layer thickness, P-wave velocity 373 

(VP), S-wave velocity (VS), density, and the quality factors for P- and S-waves. Consequently, 374 

the computed transfer functions represent the Fourier transfer functions of vertically 375 

propagating SH waves. The transfer functions for all stations are presented in Figure 5. 376 

Synthetic acceleration time histories were subsequently generated by convolving the Fourier 377 

spectrum of the reference earthquake with the corresponding site transfer function in the 378 

frequency domain, followed by inverse Fourier transformation. In this way, the simulated 379 

accelerograms incorporate the local site amplification effects at each station. The simulated 380 

accelerograms for all stations are shown in Figure 6. 381 

The structural response to each simulated accelerogram was computed by solving the equation 382 

of motion of a damped single-degree-of-freedom (SDOF) oscillator (Chopra, 1995): 383 ݉̈(ݐ)ݑ + (ݐ)ݑ̇ܿ + ௦݂(ݑ, (ݐ)(ݑ̇ =  (1) (ݐ)ܽ݉−

where ݑ̇ ,ݑ and ̈ݑ are the displacement, velocity and acceleration of the oscillator mass, 384 

respectively, at time (ݐ)ݑ̇ܿ ;ݐ introduces damping into the above equation, influencing how the 385 
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structure would respond at different periods; ௦݂ represents the resisting force at time 386 .ݐ 

According to Hooke’s law, ௦݂(ݑ, (ݑ̇ =  where ݇ is the stiffness of the system. The 387 ,ݑ݇−

resultant displacement curve is presented in terms of acceleration to obtain a pseudo-388 

acceleration spectrum (PSA), which we will refer as the response spectrum for each site. 389 

The elastic response spectrum was then calculated using the Degtra program (Ordaz & 390 

Montoya, 2000). Degtra determines the maximum oscillator response over a range of natural 391 

periods by evaluating the displacement energy of the oscillator, 392 

ܧ =  (2) |ݔ݀(ݐ)ܽ∫݉−|

where ݔ is the relative oscillator displacement. Repeating the calculation over a continuous 393 

range of vibration periods produces the elastic response spectrum. The maximum oscillator 394 

displacements are finally expressed as equivalent pseudo-spectral accelerations (PSA), which 395 

are referred to as the response spectrum throughout this study. The resulting response spectra 396 

for all stations are presented in Figure 7. 397 

 398 
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Figure 4. Illustration of the workflow for estimating site-specific pseudo-spectral acceleration 399 

(PSA) estimation at station BHPR for the Mw 6.7 (a) and Mw 7.3 (b) subduction earthquakes. 400 

The top panels show the one-dimensional SH-wave transfer functions computed from the site-401 

specific velocity model. The middle panels compare the reference site’s amplified 402 

accelerograms recorded at the hard-rock station SHL (black) with the corresponding synthetic 403 

accelerograms at BHPR (red), obtained by incorporating the site transfer function into the 404 

reference motion in the frequency domain. The bottom panels present the resulting 5%-damped 405 

pseudo-spectral acceleration (PSA). This workflow was applied to all seismic stations to 406 

evaluate regional variations in seismic site amplification across the Bengal Basin. 407 

 408 

4.2.Seismic Site Class Estimation 409 

The transfer functions and pseudo-spectral accelerations (PSA) in this study were computed 410 

using the complete VS profiles obtained by inversion of ambient-noise HVSR data (Farazi et 411 

al., 2023). Therefore, seismic site classification was first performed using the 𝑉ௌ30 values 412 

derived from these HVSR inversion profiles. To evaluate the reliability of the HVSR based site 413 

classification, geotechnical investigation boreholes with Standard Penetration Tests (SPT) was 414 

conducted at 12 sites (Fig. 1 and Table 4) at 1.5 m intervals to a depth of 30 m were used to 415 

independently estimate 𝑉ௌ30. The borehole logs indicate that the subsurface materials are 416 

predominantly composed of sand and clay, and an example SPT borehole log is presented in 417 

Figure 8. Since no established SPT–VS correlation is currently available for Bangladesh as a 418 

whole, VS were estimated using the empirical relationships developed for Dhaka soils (Shehab, 419 

2015). The regression equations for sandy and clayey soils developed for Dhaka soils are given 420 

by: 421 𝑉ௌ = 147ܰ0.19 (3) 

𝑉ௌ = 84ܰ0.30 (4) 

where N denotes the uncorrected field SPT-N value. The resulting 𝑉ௌ30 values were 422 

subsequently used to assign seismic site classes according to the BNBC (2020) classification 423 

criteria based on SPT-N value (Table 3). Herein, the 𝑉ௌ30 was calculated using the harmonic 424 

mean of the layer velocities, which accounts for the travel time of seismic waves through 425 

individual layers. The equation is: 426 
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𝑉ௌ30 = 30∑ ℎ௜𝑉ௌ,௜௡௜=1  
(5) 

where, ℎ௜ denotes the thickness of the i-th layer (m), 𝑉ௌ,௜ is the S-wave velocity of the i-th layer 427 

(m/s), and the summation is performed over all layers within the upper 30 m. The site 428 

classifications obtained from the HVSR-derived 𝑉ௌ30 (Farazi et al., 2023), 𝑉ௌ30 of the Dhaka 429 

soil correlations (Shehab, 2015), and the BNBC (2020) classification are summarized in Table 430 

4.  431 

 432 
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Figure 5. One-dimensional SH-wave transfer functions computed for the 19 seismic stations 433 

used in this study. Stations are grouped according to their tectonic setting, namely the Surma 434 

Basin (blue panels), Central Bengal Foredeep (green panels), and CTFB (orange panels), with 435 

the tectonic province indicated by the color of the subplot border. 436 

 437 

Figure 6. Synthetic accelerograms computed for the 19 seismic stations used in this study, 438 

showing PGA for both the MW 6.7 (black color) and 7.3 events (red color) at each station. 439 

Stations are grouped according to their tectonic setting, namely the Surma Basin (blue panels), 440 
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Central Bengal Foredeep (green panels), and CTFB (orange panels), with the tectonic province 441 

indicated by the color of the subplot border. 442 

 443 

Figure 7. Pseudo-spectral acceleration (PSA) spectra computed for the 19 seismic stations used 444 

in this study, showing the 5%-damped response spectra for both the MW 6.7 (black color) and 445 

MW 7.3 (red color) subduction earthquake events at each station. Stations are grouped 446 

according to their tectonic setting, namely the Surma Basin (blue panels), Central Bengal 447 

Foredeep (green panels), and CTFB (orange panels), with the tectonic province indicated by 448 

the color of the subplot border. 449 
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Table 3. Seismic site classification based on soil properties (𝑉ௌ30 and SPT-N value). 450 

Site Class General Description Vs30 (m/s) SPT-N value 

SA Hard rock >1500   

SB Rock 760–1500 >50 

SC Very dense soil and soft rock 360–760 >15 

SD Stiff soil 180–360 <15 

SE Soft soil <180   

SF 

Soils requiring site-specific 

evaluation (e.g., liquefiable soils, 

highly organic soils, peat, sensitive 

clays, etc.) 

—   

 451 

5. Results 452 

5.1. Transfer Function  453 

The vertically propagated 1D SH-wave transfer functions estimated for the 19 seismic stations 454 

using the synthetic ground motions generated from the two reference earthquakes (Mw 6.7 and 455 

Mw 7.3) are presented in Figure 5. The maximum transfer function amplitudes range from 4.37 456 

at CHAD to 17.40 at CHNA. Among the Surma Basin stations, KNGT exhibits the highest 457 

amplification (13.49) with a dominant frequency of 0.97 Hz, whereas JURI shows the lowest 458 

amplification (4.55) and the highest dominant frequency (15.28 Hz). In the central Bengal 459 

Foredeep, CHNA records the largest amplification of all stations (17.40) at 3.17 Hz, followed 460 

by KAKR (13.51) and MPUR (10.24). In contrast, CHAD and CHNR exhibit relatively small 461 

amplification factors despite their different dominant frequencies. Within the CTFB, BARK 462 

(13.88) and BRDL (12.20) display relatively large amplification, whereas LAMA and BAGH 463 

show moderate values. 464 

The observed differences in transfer function characteristics indicate that local site response is 465 

strongly influenced by local site conditions rather than by earthquake magnitude alone. The 466 

high amplification observed at CHNA, KAKR, KNGT, and BARK suggests the presence of 467 

strong impedance contrasts within the shallow sedimentary sequence, which enhance seismic-468 

wave amplification. Conversely, stations such as CHAD, JURI, JAFL, and DHAK exhibit 469 
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comparatively low amplification, implying weaker impedance contrasts or more gradual 470 

increases in VS with depth. 471 

 472 

Figure 8. Example of a standard penetration test (SPT) borehole log for sub-soil investigation, 473 

conducted near station SUST at Sylhet City (Surma Basin), up to 30 m depth showing depth 474 

wise ST-N value from blow count and encountered lithology while boring. 475 

Table 4. Comparison of seismic site classifications obtained from HVSR derived 𝑉ௌ30 (Farazi 476 

et al., 2023), 𝑉ௌ30 estimated using the Dhaka-specific SPT–VS correlation proposed by Shehab 477 
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(2015), and site classes independently assigned from SPT-N values following the BNBC 478 

(2020) site classification scheme. 479 

Station Lat E Long N 

Vs Profile from HVSR Mean 

SPT-N 

Value 

from 

Boring 

VS-SPT-N 

Correlaiton of Dhaka 

Soil 

Site Class 

from 

SPT-N 

according 

to BNBC 

(2020) 

Vs30 

(m/s) 

Site-Class 

from 

HVSR 

Vs30 

(m/s) 

from 

SPT-N 

Site 

Class 

from 

SPT-N 

BAGH* 23.162001 92.192001 571.5 SC         

BARK 22.725599 92.375 591.9 SC 20.53 334.62 SD SC 

BARL* 24.691 92.185997 417.4 SC         

BHPR* 24.457001 89.875 432.3 SC         

BRDL 22.677999 91.642998 535.7 SC 12.77 474.85 SC SD 

CHAD 23.200001 90.983002 319 SD 9.88 248.12 SD SD 

CHNA 23.4904 91.008698 276.9 SD 12.63 271.11 SD SD 

CHNR* 24.1898 91.514999 391.2 SC         

DHAK 23.73 90.400002 239.4 SD 17.43 305.95 SD SC 

FENC 24.697001 91.936996 726.8 SC 20..33 366.39 SC SC 

JAFL 25.179001 92.018997 521.8 SC** 8.38 234.83 SD SD 

JAML 25.0005 91.237099 369.4 SC 9.62 246.31 SD SD 

JURI* 24.497999 92.135002 447 SC         

KAKR 24.070999 90.219002 406.6 SC** 14.8 200 SD SD 

KNGT* 25.01 92.253998 313.9 SD         

LAMA 21.775 92.199997 495.5 SC 50 530 SC SC 

MPUR* 24.604 90.029999 181.9 SD         

SUST 24.923 91.834 390.7 SC** 12.69 288.12 SD SD 

TANG 24.275999 89.921997 494.1 SC 16.18 265.84 SD SC 

*Site with only HVSR derived 𝑉ௌ30 profile and site class. 480 

** Site where HVSR derived site class matches none of the SPT-N value-based class criteria. 481 

 482 

The dominant frequencies also vary substantially, from less than 1 Hz at BHPR and KNGT to 483 

more than 13 Hz at BRDL and 15 Hz at JURI. Lower dominant frequencies generally indicate 484 

thicker or lower-velocity sedimentary deposits, whereas higher frequencies are consistent with 485 
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relatively shallow impedance contrasts or stiffer near-surface materials. This broad frequency 486 

range demonstrates the pronounced lateral heterogeneity of near-surface geological conditions 487 

across Bangladesh and suggests that local site effects can differ considerably even between 488 

stations located within the same tectonic province. 489 

 490 

5.2. Peak Ground acceleration (PGA) 491 

The peak ground accelerations (PGAs) computed from the synthetic seismograms for the MW 492 

6.7 and MW 7.3 earthquakes are presented in Figure 6. For the Mw 6.7 earthquake, the largest 493 

PGA is observed at KNGT (7.57 cm/s²), followed by FENC (6.43 cm/s²), CHNA (5.66 cm/s²), 494 

MPUR (5.54 cm/s²), and KAKR (5.45 cm/s²). In contrast, JURI (2.23 cm/s²) and BRDL (2.38 495 

cm/s²) record the lowest PGAs. The spatial pattern for the Mw 7.3 event is broadly similar, 496 

although KAKR exhibits the highest PGA (6.70 cm/s²), closely followed by KNGT (6.71 497 

cm/s²), CHNA (5.46 cm/s²), and FENC (5.20 cm/s²). Most stations show slightly lower PGAs 498 

for the MW 7.3 event than for the MW 6.7 event, while KAKR, BAGH, and BRDL display 499 

modest increases. 500 

The regional distribution of PGA generally follows the transfer function characteristics, with 501 

stations exhibiting larger transfer function amplitudes also tending to produce stronger ground 502 

motions. However, the correspondence is not uniform. For example, BRDL shows one of the 503 

highest transfer function amplitudes but relatively low PGA, whereas CHNA and KNGT 504 

exhibit both high transfer function amplitudes and high PGAs. This difference reflects the fact 505 

that PGA depends not only on local amplification but also on the frequency content of the 506 

incoming wavefield. 507 

Although stations within the same tectono-sedimentary region exhibit broadly comparable 508 

characteristics, noticeable variations remain within each region, emphasizing the influence of 509 

local subsurface conditions. The relatively high PGAs observed at several stations in the Surma 510 

Basin and the central Bengal Foredeep indicate that local site effects can substantially modify 511 

incoming seismic waves, whereas the generally moderate PGAs in the CTFB are consistent 512 

with the comparatively stiffer near-surface geological conditions. Even though not directly 513 

comparable, the spatial variability observed in this study is also broadly consistent with the 514 

regional pattern of seismic hazard shown in the BNBC (2020) seismic zonation map (Fig. 3), 515 

where stations located in Zones III and IV generally exhibit higher PGAs than those in Zone 516 

II, although local deviations caused by site effects are evident. 517 
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It should be noted that the simulated PGA values are considerably smaller than the design-level 518 

peak ground accelerations specified in BNBC (2020), which range from 0.12 g to 0.36 g across 519 

the four seismic zones. This difference is expected because the synthetic seismograms were 520 

generated using reference motions recorded at the hard-rock station SHL from earthquakes 521 

located approximately 1,162 km from Bangladesh. Such far-field ground motions undergo 522 

substantial attenuation before reaching the study area and therefore cannot be expected to 523 

reproduce code-level design accelerations associated with scenario earthquakes closer to 524 

Bangladesh. Nevertheless, the present simulations remain valuable for seismic hazard 525 

assessment because all stations were subjected to the same reference input motion, allowing 526 

differences in the resulting PGAs to be attributed primarily to local site response. 527 

Consequently, the relative spatial variation of PGA provides useful insight into the influence 528 

of near-surface geological conditions on earthquake ground motions and complements the 529 

regional seismic hazard pattern represented by the BNBC (2020) zonation map (Fig. 3). 530 

 531 

5.3. Spectral Acceleration 532 

The 5%-damped pseudo-spectral acceleration (PSA) response spectra for the MW 6.7 and Mw 533 

7.3 synthetic earthquakes are presented in Figure 7. The corresponding spatial distribution of 534 

the average peak spectral period derived from the two earthquakes is shown in Figure 9. Unlike 535 

PGA, which represents the maximum ground acceleration, PSA identifies the spectral period 536 

at which seismic waves are preferentially amplified and is therefore particularly relevant for 537 

evaluating the dynamic response of structures. 538 

The simulated peak PSA values exhibit considerable spatial variability, ranging from 7.25 to 539 

26.58 cm/s² for the Mw 6.7 earthquake and from 7.44 to 27.39 cm/s² for the Mw 7.3 earthquake. 540 

KNGT consistently records the largest spectral accelerations for both events (26.58 and 26.76 541 

cm/s²), followed by CHNA (21.39 and 27.39 cm/s²), KAKR (22.95 and 24.35 cm/s²), MPUR 542 

(20.55 and 19.10 cm/s²), and TANG (20.35 and 19.13 cm/s²). In contrast, JAFL, JURI, and 543 

BRDL exhibit the lowest spectral accelerations. The overall distribution closely resembles the 544 

transfer function characteristics, indicating that stronger site amplification generally produces 545 

larger spectral demands on structures. 546 

A notable feature of the response spectra is the concentration of peak spectral periods near 1 s 547 

at many stations. KNGT, JAML, FENC, TANG, KAKR, CHNA, and BHPR all exhibit 548 

dominant periods between approximately 0.95 and 1.20 s, while DHAK and CHNR show 549 
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intermediate periods of about 0.64–0.84 s. Conversely, stations such as BARK and JAFL 550 

display much shorter dominant periods (0.12–0.22 s), reflecting comparatively stiffer near-551 

surface conditions. The spatial distribution of average peak spectral period (Fig. 10) further 552 

demonstrates that periods close to 1 s are widespread across the Surma Basin and the central 553 

Bengal Foredeep. This result suggests that distant large-magnitude earthquakes may produce 554 

amplification in longer periods in regions underlain by thick sedimentary deposits. On the other 555 

hands, shorter periods are more common within parts of the CTFB, reflecting the comparatively 556 

older and stiffer geological units have come closer to the surface probably due to upliftment of 557 

the fold belt (Farazi et al., 2023). Overall, the results underscore that, even under the same far-558 

field excitation, the spectral characteristics of ground motion vary substantially across 559 

Bangladesh owing to differences in local site conditions (Khan et al., 2025). 560 

 561 

5.4. Seismic Site Classes 562 

The seismic site classifications derived from the HVSR inversion-based 𝑉ௌ30 profiles, the 𝑉ௌ30 563 

estimated using the Dhaka soil SPT–VS empirical correlations, and the SPT-N based BNBC 564 

(2020) classification are summarized in Table 4. The spatial distribution of the final site 565 

classifications adopted in this study, based on the HVSR derived 𝑉ௌ30, is presented in Figure 566 

10. Since the transfer function and pseudo-spectral acceleration analyses were computed using 567 

the HVSR inversion velocity profiles, the corresponding HVSR derived site classes are 568 

considered the representative classifications, whereas the SPT based classifications are used 569 

for independent validation. 570 

The HVSR derived 𝑉ௌ30 values range from 181.9 to 726.8 m/s, corresponding to two BNBC 571 

(2020) site classes: SC and SD. Twelve of the nineteen stations are classified as SC, while the 572 

remaining seven stations are classified as SD. Regionally, most stations in the Surma Basin 573 

and the CTFB are classified as SC, reflecting relatively higher near-surface VS, whereas SD 574 

sites are predominantly distributed within the central Bengal Foredeep, including MPUR, 575 

CHAD, CHNA, DHAK, and KNGT. Herein, the predominance of site class SC may also reflect 576 

the siting strategy of permanent seismic stations, which are typically installed on relatively 577 

competent ground and stable concrete foundations to minimize environmental noise and ensure 578 

reliable seismic recordings. 579 

Among the twelve stations with borehole investigations, the site classifications derived from 580 

the Dhaka soil SPT–VS correlations agree with the HVSR-derived classifications at eight 581 
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stations (67%), including BARK, BRDL, CHAD, CHNA, DHAK, FENC, LAMA, and TANG. 582 

The remaining four stations (JAFL, KAKR, SUST, and JAML) are classified as SC using the 583 

HVSR-derived 𝑉ௌ30 but as SD using the SPT-based 𝑉ௌ30 estimates. Similarly, comparison with 584 

the BNBC (2020) SPT-N classification also shows agreement at eight of the twelve stations, 585 

while discrepancies are observed at BRDL, DHAK, JAFL, and TANG. Overall, both validation 586 

approaches indicate a generally good correspondence with the HVSR-derived classifications 587 

despite a limited number of mismatches. 588 

The differences between the three classification methods are expected because they are based 589 

on fundamentally different datasets and assumptions. The HVSR derived 𝑉ௌ30 values are 590 

obtained from inversion of ambient-noise measurements and represent continuous VS profiles 591 

constrained by the observed site resonance, whereas the SPT-based classifications are inferred 592 

from empirical relationships developed for Dhaka soils or from average penetration resistance 593 

within the upper 30 m. The application of the Dhaka-specific SPT–Vs correlations to other 594 

geological environments across Bangladesh may therefore introduce additional uncertainty, 595 

particularly in the Surma Basin and the CTFB, where lithological conditions differ from those 596 

of the Dhaka area. 597 

Although some discrepancies exist, the overall agreement between the HVSR derived and SPT 598 

based classifications supports the reliability of the inverted VS models. Therefore, the HVSR 599 

derived site classes provide a reasonable basis for interpreting the transfer functions and 600 

pseudo-spectral accelerations presented in the preceding sections, while offering seismic site 601 

characterization at locations where borehole information is unavailable, which has been done 602 

by many (Ghione et al., 2023; Lontsi et al., 2026). 603 

 604 
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Figure 9. Spatial distribution of the average peak period across the seismic stations in 606 

Bangladesh. Colored circles denote seismic stations and are shaded according to the average 607 

peak period (s), calculated by averaging the peak periods obtained from the pseudo-spectral 608 

acceleration response to the MW 6.7 and MW 7.3 input earthquake motions. The horizontal color 609 

bar indicates the corresponding average peak-period values. Station codes are shown below 610 

each circle. The inset map depicts the location of the study area within Bangladesh, with the 611 

red rectangle indicating the area covered by the main map. 612 
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 613 

Figure 10. Spatial distribution of the seismic site classes at the seismic station locations across 614 

Bangladesh, estimated from the 𝑉ௌ30 values derived from the VS profiles of Farazi et al. (2023). 615 

Station codes are shown below each circle for identification. The inset map depicts the location 616 
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of the study area within Bangladesh, with the red rectangle indicating the area covered by the 617 

main map.  618 

 619 

6. Discussion 620 

The primary motivation of this study was to evaluate the response of the thick sedimentary 621 

deposits of the Bengal Basin to far-field earthquakes, inspired by the widespread long-period 622 

shaking observed in the Bangkok Basin during the March 2025 MW 7.7 Myanmar supershear 623 

earthquake, which caused severe oscillation of high-rise buildings and the collapse of one high-624 

rise structure (Ornthammarath et al., 2025; Pananont et al., 2026). Therefore, the objective of 625 

the study was not to investigate amplification factors but to investigate the potential of far-field 626 

earthquake amplification and its dominant periods in case of the thick soft sedimentary Bengal 627 

Basin in Bangladesh. Although the simulated earthquakes considered here produce relatively 628 

small PGAs because of the large source-to-site distance (∼1,162 km), the transfer functions 629 

and response spectra consistently demonstrate that far-field seismic waves can still be 630 

significantly modified by local geological conditions. Because both reference earthquakes are 631 

distant and differ in magnitude and source characteristics, direct comparison of amplification 632 

amplitudes is of limited significance. Nevertheless, both simulations consistently indicate 633 

similar dominant spectral periods at individual stations, suggesting that these periods are 634 

controlled primarily by local geological conditions rather than by the input motion itself.  635 

The combined analyses of transfer function, PGA, PSA, and seismic site classification indicate 636 

that engineering bedrock depth exerts a first-order control on long-period site response. 637 

Stations underlain by thicker sedimentary sequences generally exhibit lower transfer-function 638 

peak frequencies and larger long-period spectral accelerations, whereas stations with shallower 639 

engineering bedrock tend to amplify shorter-period motions. Many stations in the Surma Basin 640 

and the central Bengal Foredeep exhibiting dominant periods close to 1.0 s and even beyond.  641 

This behavior reflects the increasing travel time of seismic waves through low-velocity 642 

sediments and the stronger impedance contrast between engineering bedrock and the overlying 643 

deposits. Figure 11 demonstrates this relationship by showing a systematic increase in 644 

dominant spectral period as a function of engineering bedrock depth,  645 

Comparison with the BNBC (2020) design spectral period ranges further highlights the 646 

importance of deep sedimentary structure (Fig. 11). Although the HVSR-derived seismic site 647 

classifications show good agreement with those obtained from the Dhaka soil SPT–Vs 648 
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correlations and the BNBC (2020) SPT-N classification, the observed peak spectral periods at 649 

many SC and SD sites extend beyond the period ranges represented by the BNBC design 650 

spectra. This suggests that even though the current BNBC (2020) classification may adequately 651 

characterizes the stiffness of the uppermost 30 m through 𝑉ௌ30 (or equivalent SPT criteria), but 652 

does not explicitly account for the influence of engineering bedrock depth on long-period 653 

amplification. Consequently, sites with similar 𝑉ௌ30 may exhibit markedly different spectral 654 

characteristics because of differences in deep sedimentary structure. 655 

These observations are consistent with recent site-response studies in Bangladesh. Using 656 

nonlinear one-dimensional site response analysis for Chattogram, Zaman et al. (2026) showed 657 

that the BNBC (2020) design spectrum generally provides reasonable estimates of PGA but 658 

may be non-conservative at medium-to-long periods, emphasizing the need for site-specific 659 

response analyses. Similarly, Rahman et al. (2021) demonstrated that the thick, soft sediments 660 

beneath Dhaka preferentially de-amplify short-period motions while amplifying long-period 661 

ground motions, explaining the relatively limited damage to low-rise buildings during 662 

historical distant earthquakes and the increasing vulnerability of modern high-rise structures. 663 

The predominant spectral periods of approximately 0.8–1.0 s obtained for several stations in 664 

the present study are also consistent with the site response reported for Dhaka by Farazi et al. 665 

(2023), further supporting the role of deep sedimentary deposits in controlling long-period 666 

amplification across the Bengal Basin. These findings suggest that the deep soft sediments of 667 

the Bengal Basin have the potential to amplify long-period ground motions from far-field 668 

earthquakes and should therefore be considered in future seismic hazard assessments for 669 

Bangladesh.  670 

The reliability of the present analyses is supported by the generally good agreement between 671 

the HVSR derived site classifications and those independently obtained from borehole SPT 672 

data (Table 4). Moreover, the systematic relationship between engineering bedrock depth and 673 

dominant spectral period provides additional confidence in the physical realism of the velocity 674 

models used in this study. 675 
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 676 

Figure 11. Comparison of the BNBC (2020) design-spectrum peak-period ranges for (a) Site 677 

Class SC and (b) Site Class SD with the average peak periods of the computed spectral 678 

acceleration from the MW 6.7 and MW 7.3 scenario events at individual seismic station. Peak 679 

periods are plotted as a function of engineering bedrock depth derived from the HVSR VS 680 

models of Farazi et al. (2023). 681 

Overall, this study demonstrates that seismic hazard in Bangladesh is governed not only by 682 

near-surface soil stiffness but also by the thickness of sedimentary deposits and the depth to 683 

engineering bedrock, providing a more realistic assessment of long-period ground motion in 684 

the Bengal Basin. Such considerations are particularly important for the seismic design and 685 

performance assessment of medium- and high-rise buildings, whose natural periods may 686 
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coincide with the amplified periods identified in this study during future large-magnitude far-687 

field earthquakes. The findings further suggest that future revisions of the BNBC (2020) should 688 

explicitly consider the influence of deep sedimentary structure and engineering bedrock depth 689 

on long-period ground motion, in addition to the conventional 𝑉ௌ30 based site classification. 690 

Moreover, while probabilistic seismic hazard assessment remains essential, analyses of 691 

observed strong-motion records are equally important for capturing the complex long-period 692 

response of exceptionally thick sedimentary basins such as the Bengal Basin. 693 

Several limitations of this study should be acknowledged. The analyses are based on two 694 

scenario-based far-field earthquakes referenced to a single hard-rock station and employ one-695 

dimensional linear elastic site response modeling through horizontally layered media. 696 

Consequently, the simulated ground motions represent regional response trends rather than 697 

project-specific design demands and should not be interpreted as design-level ground motions. 698 

The adopted methodology is appropriate for far-field, low-strain conditions but cannot capture 699 

nonlinear soil behavior, multidimensional basin effects (e.g., basin-edge effects, surface-wave 700 

generation, and seismic energy trapping), or complex source characteristics such as finite-fault 701 

rupture directivity and path-dependent attenuation. Furthermore, because the input motions 702 

were not selected or spectrum-matched following standard design procedures (e.g., NEHRP), 703 

the results should be regarded as preliminary and interpreted primarily in terms of dominant 704 

spectral period and long-period site response rather than absolute amplification levels.  705 

Therefore, future research may expand incorporating a broader suite of representative regional 706 

and near-fault earthquake scenarios to encompass a wider range of frequency contents and 707 

ground motion amplitudes. Executing nonlinear or equivalent-linear site response analyses will 708 

better model high soil strain levels and potential cyclic degradation. Crucially, deploying 2D 709 

or 3D basin models is necessary to capture complex lateral wave propagation, basin-edge 710 

induced waves, and spatial resonance effects. Future efforts should also specifically examine 711 

near-fault forward directivity effects and directional resonance phenomena, which can 712 

drastically alter structural demands over localized areas. Despite its preliminary nature, this 713 

study may serve as a vital motivator for policymakers, urban planners, and structural engineers 714 

to explicitly account for deep soil amplification effects in thick sedimentary basins like the 715 

Bengal Basin, providing a foundational step toward earthquake resilience in Bangladesh. 716 

 717 

 718 
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7. Conclusions 719 

This study presents the first regional-scale, simulation-based assessment of 1D linear seismic 720 

site response across the Bengal Basin, Bangladesh, using deep VS profiles derived from HVSR 721 

inversion and two simulated far-field earthquake ground motions. Transfer functions, peak 722 

ground accelerations (PGAs), pseudo-spectral accelerations, and seismic site classifications 723 

were evaluated for 19 seismic stations representing the Surma Basin, the central Bengal 724 

Foredeep, and the Chittagong-Tripura Fold Belt (CTFB). Rather than quantifying absolute 725 

amplification levels, this study focuses on the dominant spectral response of the deep 726 

sedimentary Bengal Basin to far-field earthquake ground motions. The results demonstrate 727 

spatial variability in site response. Stations underlain by thicker sedimentary sequences and 728 

deeper engineering bedrock generally exhibit lower transfer-function peak frequencies and 729 

longer dominant spectral periods than those with shallower engineering bedrock. 730 

Consequently, the peak period of the elastic response spectrum increases with engineering 731 

bedrock depth, with many stations in the Surma Basin and the central Bengal Foredeep 732 

exhibiting dominant spectral periods close to 1 s. These periods coincide with the natural 733 

vibration periods of medium- to high-rise buildings, indicating a potential for structural 734 

resonance during future large-magnitude far-field earthquakes. In contrast, the comparatively 735 

shallower engineering bedrock and tectonically uplifted geology of the CTFB produce shorter 736 

dominant spectral periods, suggesting a relatively greater resonance potential for low-rise 737 

structures. Although the simulated earthquakes produced relatively low PGAs because of the 738 

large source-to-site distance, they demonstrate that deep sedimentary deposits can substantially 739 

modify and lengthen the period content of incoming seismic waves. The HVSR-derived 𝑉ௌ30 740 

based seismic site classifications show generally good agreement with those independently 741 

obtained from SPT borehole data, with all stations classified as either site class SC or SD 742 

according to BNBC (2020), supporting the reliability of the velocity models used for regional 743 

site-response analysis. The findings of this communication suggest that the deep soft sediments 744 

of the Bengal Basin have the potential to amplify long-period ground motions from far-field 745 

earthquakes. Accordingly, future revisions of the BNBC (2020) should consider engineering 746 

bedrock depth and deep sedimentary effects, in addition to the conventional 𝑉ௌ30 based 747 

approach, to improve seismic hazard assessment and earthquake-resistant design in 748 

Bangladesh.  749 

While the present study is bounded by a 1D linear elastic framework and specific far-field 750 

scenario motions, leaving the investigation of nonlinear soil effects, 3D basin geometry, and 751 
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scaled ground motion suites to future research, it establishes an important baseline for 752 

understanding regional period-dependent amplification characteristics across the Bengal Basin. 753 

Ultimately, the framework and basin-scale trends identified herein serves a preliminary role to 754 

motivate and assist policymakers, structural engineers, and urban planners in mitigating 755 

structural resonance risks and enhancing long-term earthquake preparedness and structural 756 

resilience in Bangladesh. 757 
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