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Abstract

Bangladesh is one of the most populous countries in South Asia with a high level of seismic susceptibility, which
increases disaster-related destruction and mortality prospects. Geologically, the country lies at the juncture of a
number of tectonic plates. It is also prone to earthquakes, tsunamis, and natural disasters like flooding since it’s
located on the largest river delta in the world. Specialists have noted the country's lack of preparation for a major
earthquake, a factor heightened by the high probability of disastrous seismic events as a direct consequence of
the fact that it is situated over five different geological fault lines. Significantly, major seismic events affected
Northern Bangladesh in 2019, highlighting the increased chances of an imminent earthquake of large magnitude,
the fallout from which would include disasters caused by the build-up of seismic energy. A greater magnitude of
earthquake, registering more than 7 in this country, will be destructive. This paper aims to help build knowledge
in the field of prevention of causality, determining factors, and delineations of hazard territories, preparation,
impacts, and earthquake prevention solutions in the context of the country where many have not delved before,
and that is Bangladesh. It therefore serves as a source for policymakers, stakeholders, and society.
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1 Introduction

An earthquake is a sudden shaking of the Earth’s surface because of seismic movements. These shakes may be unnoticeable
or disastrous. Bangladesh is also home to some of the most hazard-prone countries, mainly because it is susceptible to
tropical cyclones, flooding, and overpopulation in areas of critical risk. However, Bangladesh is also very vulnerable to
earthquakes because it sits on top of a meeting point of three gigantic tectonic plates, such as the Eurasian, Indian, and
Burmese plates. This tectonic positioning of Bangladesh is the reason why the region is highly vulnerable to earthquakes in
the world. Bangladesh has suffered small and large earthquakes in the past. The reported seismic activities were between 3.0
and 4.9 in magnitude in the North of the country, and the eastern part of the region experienced seismic activity with varied
magnitudes of 4.0-5.9. Notably, the Northern part of Bangladesh was impacted by major seismic activities in 2019, reflecting
the skyrocketing risks of a possible earthquake of high magnitude, with its aftermath constituting the disasters attributable to
the accumulation of seismic energy. Among the worst was the Great Indian Earthquake of 1897, which had a magnitude of
8.7 and killed over 1,500 people and had an extremely devastating impact on the region (Hossain et al., 2021). In the last ten
years, about 581 earthquakes of magnitude 4.0 and above have been recorded within a radius of 300 km around Bangladesh,
with an average of about 58 earthquakes per year, or about four earthquakes each month, which is equal to one every 6 days.
It is noteworthy that the level of seismic activity increased in 2020, with 86 magnitude 4.0 or higher earthquakes observed at
the same radius, the largest one measuring 5.9 in magnitude (Bangladesh Earthquake Report). According to Bilham (2004),
there is a high possibility of an earthquake that would have a magnitude of more than 7 in the Himalayan region with an
imbalance between the stored and the release of energy. (Bilham, 2004). Dhaka is a highly populated city with a million
residents and a vulnerable infrastructure, so there is a high level of severe seismic activity. The core of countering any future
disaster is based on science and seismic evaluation, and disaster planning. The way to save lives and infrastructure in this
high-risk (Hossain et al., 2021) environment is through an emphasis on earthquake resilience in Bangladesh. In addition, past
records of earthquakes are to be maintained. This paper aims to achieve the following-

e  To examine the tectonic environment and seismic movements that determine the risk of earthquakes in Bangladesh.

e  To analyze the past earthquake data to determine the high-risk area and recurrence pattern.

e  To evaluate socio-structural factors that enhance earthquake risks in the urban and rural settings.

e To offer viable preparedness and mitigation efforts that would lead to a reduction of seismic impacts.

e To create the policy and planning guidelines that can support the implementation of the earthquake risk

management.
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2 Materials & Methodology

The present study offers a literature-based review of the seismic activity, which seeks to understand the active tectonic plate
of Bangladesh and neighboring states, as well as assess their potential to generate seismic activity based on the historical
contexts. The evaluation is based mostly on peer-reviewed journals and credible electronic databases to uphold the
consistency and accuracy of the information under processing. Further, institutional reports, conference proceedings, and
academic networks related to seismology and tectonics were carefully inspected in order to unite the latest discoveries and
regional outlooks. The integrative approach makes it easier to understand the geotectonic structure and seismic dynamics that
prevail in Bangladesh and the region around it.

3 Results & Discussions

3.1 Forces beneath Bangladesh

Bangladesh consists of a small territory in South Asia. It has a unique landscape that distinguishes it from other
locations on the planet. Bangladesh is found in the north of the Himalayas, the largest mountain range in the
world. All of them either start at the Himalayas or the related mountains, and they merge into one river in
Bangladesh, which is the Brahmaputra, Ganges, and Meghna. These rivers produce a lot of mud and sand. This
material forms the world's biggest delta. Bangladesh is also one of the wettest countries in the world. Rivers and
floods do not encompass Bangladesh. The effect of the movement of tectonic plates that move under the ground
also affects the environment. It joins three other tectonic plates that include the Indian plate, Eurasian plate, and
Burmese plate. The Indian Plate is moving northeast, which appears to clash with the Eurasian Plate. The
Himalayan Mountains were a result of a collision that occurred millions of years ago, and they are still rising to
date. This plate boundary has several active faults, where a giant fault of Dauki, located in the northern part of
Bangladesh, is big. The upward movement of the fault resulted in the creation of the Shillong plateau. The
Burmese Plate moves westwards in collision with the Indian Plate. Burma Arc is based on the subduction of the
Indian Plate under the Burmese, where rocks are usually forced to fold and fall down, thus causing hills and
valleys. There are enlarging faults, and huge earthquakes can erupt due to them, and a big one may occur around
Bangladesh in just a given time. (Hossain et al., 2021)

Bangladesh, being one of the most seismically active regions of the world, is located where three major
lithospheric plates: Indian, Eurasian, and Burmese come together. They are the Dauki, Shahjibazar, Tripura-
Assam, and Sitakunda-Teknaf zones, which have been building tectonic stress over decades without sufficiently
shedding loads in large earthquakes, which better the chances of occurrence of a disastrous earthquake. There are
eight active fault line crossings within the country, and the series of tremors currently experienced on them
indicates a likelihood that there will be a bigger quake. The five highly relevant tectonic blocks are Bogra,
Tripura, Sub-Dauki, Shillong, and Assam fault zones that can generate tremors at up to magnitude 7.0-8.5. There
is also the highest risk, particularly the Assam fault zone, whose possibility of occurrence is 8.5. Bangladesh is
divided into three areas of seismic activity.

Zone 1 (Sylhet-Mymensingh): chance of an earthquake of magnitude 7.0

Zone 2 (Chittagong, Comilla, Dhaka, and Tangail): chance of an earthquake of magnitude 6.0

Zone 3 (the rest of the country): potential of a 6.0 magnitude earthquake

Sylhet, Mymensingh, Chittagong, and Dhaka are especially prone to this. The danger is ramped up by hasty and
premature city development, towering skyscrapers in crowded cities like Dhaka. Even though the seismic activity
in Bangladesh is not as severe as in California, its inappropriate infrastructure, insufficient enforcement of
seismic codes, and ineffective disaster planning all contribute to the development of greater risk. In the absence
of efficient planning of response after an earthquake, a major earthquake could cause massive fatalities and
destruction of infrastructure within a few minutes. (Raihanul Islam et al., 2016)

3.2 History of earthquakes in Bangladesh

Due to a close relationship with geological structures, seismic threat in Bangladesh should be calculated with the
help of credible information about past earthquakes. The table provided right below shows the distribution of all
earthquakes that occurred around Bangladesh within 300 kilometers during the past decade. No earthquakes have
been registered in the past 20 years within the vicinity of Bangladesh with a magnitude of 7 or more. This is in
general since higher magnitudes are less frequent than lower magnitudes. This summary does not include such
mild earthquakes that have a Richter scale of below 4. (Bangladesh Earthquake Report)
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Table 1. The magnitude of the earthquakes in the past ten years near Bangladesh. (Bangladesh Earthquake

Report.)

Magnitude Earthquakes Percentage
Mag. 4 538 93.4%
Mag. 5 35 6.08%
Mag. 6 3 0.52%
Mag. 7 0 0.0%
Mag. 8 0 0.0%
Mag. 9 0 0.0%
Mag. 10 0 0.0%

Seismologists detected that the strongest earthquake of the last decade has come close to Bangladesh's territory.
The earthquake had a magnitude of 6.7 and occurred 112 miles away from Sylhet and at a depth of 55
kilometers. On January 15, 1934, at 14.36, a MAG-8 earthquake occurred 286 km (178 miles) east of Rangpur. It
is the deadliest earthquake in the modern history of Bangladesh since 1900, the most violent earthquake close to
Bangladesh for nearly 125 years. The List of the biggest earthquakes around Bangladesh is given below.

Table 2. List of the biggest earthquakes around Bangladesh. (Bangladesh Earthquake Report.)

Date and time Magnitude  Focal Depth Location
(Observed from Dhaka) (KM)
Jul 08, 1918, 04:15 PM M7.1 15 41 km ESE from
Mymensingh
Sep 10, 1923, 03:57 AM M 6.9 15 42 km NE from
Mymensingh
Jul 03, 1930, 02:57 AM M7.0 15 89 km N from
Sherpur
Jan 15, 1934, 02:36 PM M 8.0 15 249 km NW of
Dinajpur
Aug 16, 1938, 10:21 AM M7.0 75 218 km ENE from
Chattogram
Oct 23, 1943, 11:53 PM M7.2 15 281 km NE from
Syhlet
Aug 21, 1988, 05:09 AM M 6.9 57.4 238 km WNW
from Dinajpur
Sep 18, 2011, 06:40 PM M 6.9 50 229 km NNW of
Saidpur
Jan 04, 2016, 05:05 AM M 6.7 55 180 km E from
Syhlet
Aug 24,2016, 04:34 PM M 6.8 51 272 km ESE from
Cox’s Bazar
Jan 03, 2017, 03:09 PM M 5.7 32 99 km S from
Sylhet
Apr 16, 2020, 05:45 PM MS5.9 10 231 km ENE of
Chattogram
Jun 22, 2020, 04:40 AM M 5.6 10.8 174 km ENE from
Chattogram
Oct 10, 2020, 11:38 PM MS5.5 53 166 km E from
Syhlet
Apr 28,2021, 08:21 AM M 6.0 34 217 km NNE from
Sylhet
Nov 26, 2021, 05:45 AM M 6.2 26.7 180 km ENE from
Chattogram
Jan 21. 2022 04:12 PM M5.4 59 220 km ENE from
Chattogram
Dec 02, 2023, 09:35 AM MS5.5 45.1 44 km SW from
Comilla
Jan 21, 2025, 01:04 PM M 4.4 10 71 km NW from
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Syhlet
Jan 22, 2025, 09:27 PM M4.4 35 129 km E from
Syhlet
Feb 01, 2025, 06:40 PM M 4.4 10 224 km ENE from
Chattogram
Feb 01, 2025, 06:41 PM M4.5 58.9 219 km ESE from
Syhlet
Feb 22, 2025, 04:33 PM M 5.0 59.2 186 km E from
Cox’s Bazar
Feb 27, 2025, 02:55 AM M53 10 163 km NNE from
Sylhet
Mar 05, 2025, 11:36 AM M54 88.2 288 km E from
Sylhet
May 19, 2025, 01:15 AM M 4.9 6.2 300 km SSE from
Cox’s Bazar
May 28, 2025, 02:24 AM M5.1 50 205 km ESE from
Syhlet

3.3 Factors Affecting Earthquake Risk
The factors that influence the increase in the danger of earthquakes, both in urban and rural areas of Bangladesh,
can be listed in the following way:
e Ignorance about earthquakes in general on the part of people tends to be prevalent in urban and rural
contexts.
High population density and shoddily engineered seismic codes.
Poor building practices and low-quality building materials are used.
There is no possibility of investing in good infrastructure, which narrows down the economy.
In the case of an earthquake, there may also be fires, because at the moment of the tremor, there is a risk
of gas pipeline rupture or electrical faults.
e Narrow streets and clustered houses limit fire and emergency services.
e Buildings with numerous occupants do not have sufficient emergency exits.
e Vital infrastructure, such as utilities, bridges, and power plants, does not usually have earthquake
protection.

3.4 Pre-Disaster Preparedness

Earthquakes are unavoidable. The best way to reduce the risk caused by the earthquake is through preparedness,
mitigation of the risk, and vulnerability reduction in the structure before it happens. All these, including rapid
rescue, relief, temporary shelters, and long-term rehabilitation, form critical post-disaster responses. Measures
must be ranked depending on the degree of risk as short-term (immediate), medium-term (1-5 years), and long-
term (5-15 years). More importantly, it is not earthquakes that trigger fatalities but poorly constructed buildings,
and hence, structural resilience is critical. This is done through prior intensive preparations, including well-
trained personnel, as well as coordinated after-quake response strategies that will be vital in preventing loss of
life, and so that recovery is rapid, especially in high-risk areas.

Long-term measures: Bangladesh should strive to come up with accurate seismic risk maps, especially in
Dhaka, and enact stringent building codes by imposing punishment on lawbreakers. The components of high-risk
buildings and the services of the general population should be earthquake-resistant, coupled with contingency
measures. Earthquake mitigation systems are essential for public buildings, for example, schools and hospitals.
To increase national resilience, it is possible to support non-governmental organizations in disaster management
and incorporate disaster risk education in the curriculum of architecture, engineering, and technical courses.
These long-term practices are vital in reducing the risk of earthquakes while protecting lives and properties.
Medium-term measures: Refitting of hazardous buildings is essential, mainly in Dhaka, since 60% of its
buildings are dangerously prone. It would be important to invest first in the community-based earthquake risk
management and awareness initiatives, capacity building, and networking of local non-governmental
organizations (NGO) for disaster preparation and response.

Short-term measures: The worst part about earthquakes is that it is not predictable; therefore the most sensible
steps that a person should take are to nail heavier and breakable objects that are too big to fit in a cupboard, to
strap the moveable appliances, to store flammable materials in safer places, not to put beds against the window,
and finally that all members of the family be aware of emergency shut off switches and primary first aids, having
a first aid box there. (Raihanul Islam et al., 2016)
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3.5 Response to Earthquake Mitigation

Bangladesh needs a multi-sectoral, combined approach to the mitigation of earthquake hazard. Public awareness
campaigns, as well as the training programs of major stakeholders like engineers, doctors, volunteers, and local
leaders, should be carried out by a national coordinating agency. Community disaster risk reduction ought to be
advanced by resurrecting Ward Disaster Preparedness Committees (WDPCs) and by offering volunteer coaching.
It is necessary to create seismic hazard maps and a historical earthquake database, and this is needed with the
help of trained local experts. The Bangladesh National Building Code (BNBC) should be implemented legally,
and retrofitting of the existing risky structures, especially in Dhaka, should be mandatory. An emergency
preparedness master plan must have zoning, rescue logistics, equipment, communication systems, and
interagency coordination. Earthquake insurance and other methods of risk transfer, and the establishment of
designated emergency response stations, play a very important part. The cooperation between civilians and the
military, and the acquisition of modern rescue gear, are to be managed. Dispersing national functions that are not
based in Dhaka is essential in terms of resilience. The loss of navigable water routes around Dhaka can provide
backup transport to face emergencies. The hospitals, the firefighting infrastructure, as well as the blood banks,
will require capacity analysis and adjustment. A powerful information and communication structure is required
in order to disseminate public advice in case of an emergency. Efforts of international collaboration with donor
nations and nature-resilient partners such as Japan, the United States, and China are needed to help in the rapid
restoration after the quake and provide technical support. (Raihanul Islam et al., 2016)

3.5 Earthquake Guideline for People

Before Earthquake

At home: Home preparedness has a significant impact on the consequences of seismic events. In order to
minimize the risk of injury occurrence, large furniture must be fastened, and delicate items must be moved to
lower levels. Citizens are expected to know about proximate shelters, escape routes and the position of gas and
electrical regulators. A collection of emergency first-aid kits, tools and fire suppression equipment should be
prepared. The buildings with structural shortcomings should be inspected and strengthened by trained
professionals. A regular inspection of safety equipment and the actions of evacuation exercises is essential in
terms of the readiness of operations. These prophylactic measures enhance resiliency and reduce victims in terms
of seismic events.

At Public facilities: Response in readiness in public facilities requires organization and alignment.
Administrators should devise an emergency response plan, appoint personnel in charge, and routinely inspect fire
and structural systems. Potential risks such as unsteady signage and overhead systems must be taken care of. The
facilities are supposed to perform regular simulation exercises to accustom the occupants to the evacuation
policy. Open communication and quick coordination in case of an emergency will help against panic and protect
both personnel and the people.

During Earthquake

It is necessary to remain calm during seismic events. Inside buildings, people should use the drop, cover and hold
on method under strong pieces of furniture, thus covering the head and neck areas with falling items. They
should also avoid windows, glazing, and large fixtures and stay in the premises until the seismic activity ends.
The use of elevators is discouraged. When outside, people should move to areas that are open, far away from the
building, trees, or electrical wires. In mobile vehicles, operators are encouraged to stop in clear areas and wait
within close spaces until things become conducive. During entrapment, even a small movement is wise; a cloth
must cover the mouth and the distress messages should be communicated by tapping or whistling instead of
shouting.

After Earthquake

After the occurrence of seismic activity, people ought to consider their own safety first before participating in the
rescue operations of others. To reduce the risk of injuries caused by falling materials, it is necessary to adopt
protective clothing, such as sturdy clothes and shoes. Small fires should be suppressed promptly, and gas valves
should be closed in case of suspected leaks. Careful cleaning of spilled chemicals should be performed with care.
The evacuation of affected buildings and delivery of aid to citizens at risk must be carried out in a calculated and
planned way. Compliance with officially issued broadcasting stations is key to receiving legitimate instructions
whenever the post-earthquake event occurs. Recurrent aftershocks that follow should involve repetition of the
protective measures that were prescribed (namely dropping, shielding, and maintaining hold) to guarantee safety
further. It is suggested that the use of battery-operated lighting as an alternative to candles, banning indoor
smoking, and cautious re-entry into damaged properties are useful in minimizing fire risks and additional
injuries. Documentation of structural damage made via photography is important evidence to aid recovery efforts
and insurance claims in the case of a disaster. (Raihanul Islam et al., 2016)
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4 Conclusions

The study has mainly reported earthquake records in reviewing the available data and gave a preliminary analysis
of the seismic frequency and occurrence zones. However, a more comprehensive seismic hazard survey of the
affected areas is still needed. The geographical factors of the area and the past seismic activity of Bangladesh
make it clear that the respective authorities of the country have to be ready for possible natural disasters in the
country, to undertake proper mitigation steps. It is imperative to improve the disaster management system of the
country to reduce losses in case of disasters. Moreover, strict adherence to the building codes should be
undertaken and claborate awareness campaigns should be initiated where people should be educated on topics
concerning earthquake precautions and mitigation measures.
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