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Chief Patron

Under the esteemed leadership of Honorable Prime Minister Sheikh Hasina and in alignment with
the spirit of independence, the Military Institute of Science and Technology (MIST) was envisioned
and established on April 19, 1998. Going beyond its military emphasis, MIST plays a substantial role
in nation-building by providing engineering education to civilian students. The concerted efforts of
all the members of MIST are leading to achieve its ultimate goal in making this institute a ‘Center of
Excellence’ in the true sense of the term.

I am delighted to know that the Naval Architecture and Marine Engineering (NAME) department is
releasing the second volume of “TECHNICAL PAPER as part of their ongoing efforts to enhance
MIST’s reputation as ‘Center of Excellence. I anticipate that the contents of this technical
publication will captivate the interest of scholars, students, and the general readers, inspiring them to
undertake further groundbreaking research.

I am confident that the continuing efforts by NAME department for making MIST a renowned
maritime platform will propel this institute even further ahead. I firmly believe that NAME
department will continue expanding its horizons to reach new heights in all aspects. I extend my
heartfelt best wishes for the department’s future endeavors, with the anticipation of nothing but
success. Together, let us continue striving for excellence and contributing to the advancement of
technology on a global scale.

I wish continued success of this TECHNICAL PAPER in the years to come.

Chief Patron

Major General Mohammed Saidul Islam, rcds, ndc, psc
Commandant

Military Institute of Science and Technology, (MIST)
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With praise and gratitude to the Almighty Allah, Who guides us with His infinite mercy and wisdom,
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also like to extend my heartfelt gratitude to the respected Commandant of MIST, Maj Gen
Mohammed Saidul Islam, rcds, ndc, psc, for his invaluable support and guidance throughout the
publication of this second volume. His unwavering commitment to academic excellence and his
unique leadership have been instrumental in the success of our endeavors.

Military Institute of Science and Technology (MIST) remains an indispensable partner in
Bangladesh's maritime domain. The shipbuilding and shipbreaking industries remain vital economic
drivers, creating opportunities and employment for a diverse workforce. As we evolve, these sectors
continue to present new potentials, opportunities and challenges, driving us to adapt and innovate.
At MIST engineers, technical personnel and researchers are nurtured to be well-prepared in seizing
opportunities and facing the challenges that await them. The NAME department of MIST takes
pride in its legacy of graduating 266 naval architects who have carried the MIST flag high,
contributing to the development of our nation and making their mark both at home and abroad.

I extend my heartfelt gratitude to the diligent researchers, participants and writers whose dedication
and passion have once again brought this publication to life. It is their unwavering commitment that
has allowed us to continue this journey of sharing knowledge. I must also express my sincere thanks
to the companies, industries, government and private entities, seafaring professionals, researchers,
academicians, professionals, stakeholders and our beloved students. Your direct and indirect
contributions have been instrumental in shaping this second volume.

As we move forward with this second volume, we are not only marking our commitment to
excellence but also embracing the evolving landscape of our nation. It is our hope that this paper will
serve as a source of knowledge, inspiration and guidance, reflecting our dedication to progress in an
ever-changing world.

Commodore A HM Rafiqul Islam, (E), NUP, psc, BN
Department of Naval Architecture and Marine Engineering (NAME), MIST
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EDITORIAL

Military Institute of Science and Technology (MIST) is one of the leading Engineering institutes of
Bangladesh and devoted to accelerate the nation’s technological excellence with a vision to excel in
the realm of engineering and technological progress. The Naval Architecture and Marine
Engineering (NAME) department proudly plays a pivotal role in realizing this ambition. In the
process of continuing efforts to enhance MIST's reputation as ‘Center of Excellence, NAME
department publishes TECHNICAL PAPER’ and we, the all members of Editorial Board are very
much proud being the part of this second volume.

Within the pages of this technical paper, one will find a compilation of technical insights contributed
by esteemed experts in various maritime domains, individuals possessing extensive experience and
knowledge in maritime affairs. This comprehensive paper encompasses a wide spectrum of technical
topics and the latest updates on various aspects of maritime studies. Additionally, it features
innovative ship designs submitted by participants for a ship design competition. The authors and
ship designers have certified that their submissions have not been previously published or submitted
elsewhere and are free from any security, proprietary, or copyright violations.

The publication of this technical paper was an immense undertaking that had to be completed within
a very short timeframe. We must acknowledge the unwavering support of our departmental
colleagues and seniors without whom achieving this level of quality would not have been possible. In
this context, we would like to mention the names of Captain M Enayet Kabir, (E), psc, BN and
Captain Kaosar Rashid, (E), psc, BN. Their contributions have been truly invaluable. We express our
deepest gratitude to our department head, Commodore A H M Rafiqul Islam, (E), NUP, psc, BN,
who served as a constant source of inspiration for all of us in the department during this monumental
endeavor. We would also like to extend our thanks to Commandant Maj Gen Mohammed Saidul
Islam, rcds, ndc, psc for his valuable guidance and consistent support, which played a significant role
in the success of our initiative.

We trust that this technical paper will prove to be a resource for readers, offering a valuable source of
technical knowledge about maritime affairs and marine technology. We hope that this publication
will quench the thirst for knowledge of those engaged in the respective fields.

Editor

Lt Col Muhammad Rabiul Islam, PhD, EME
Instructor Class ‘A’

NAME Department, MIST
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ARTIFICIAL INTELLIGENCE (AI) AND ROBOT: PRESENT,
FUTURE AND CONSEQUENCES OF THE WORLD

Rear Admiral Khandakar Akhter Hossain®, (E), NUP, ndc, psc, PhD, BN

¥ Corresponding author: hossaindrakhter@gmail.com

Abstract. The explosion of technology in the modern era has coincided with an equally seismic shift
in how we think and talk about it. Artificial Intelligence or Al is basically simulation of human
intelligence by machines, or computers or even mobile to do tasks that usually require human
intelligence, like seeing, hearing, making decisions, and translating between languages. Nowadays,
Al becomes a hot topic and many debates have raised many pertinent questions. It has become a
crucial issue in the 21st century, as it might affect the job market and general employment. Some
technology lover people think that, Al will lead to create lots of diversified and interesting jobs.
However, many experts think that, it will have a big impact on the workplace and all aspect of human
life in near future. In reality, Al has the ability to make jobs more creative, lucrative and flexible, and
will lead definitely to a more creative and skilled economy. We must need to change the education
system, including the curriculum, teaching methods, and many things that need to be done for
schooling. Our mass or general education system needs to be aligned with modern and advanced
technology, which will change the whole school system. National education policy and strategy must
be purposeful and sustainable for the long term. This is an analytical study in which the researcher
has taken all effort to evaluate the diversified use of Al and robots and the consequences for the
human future, emphasizing on the global education system and 4th industrial revolution (4IR).

KEY WORDS: Al, ML, logic, algorithm, networks, robot, singularity

INTRODUCTION

A procedure or formula used to solve a problem or a series of instructions that tell a computer
how to transform a data set into helpful information. All branches of information technology
heavily rely on algorithms. Computer science's multidisciplinary field of artificial intelligence
(AI) develops intelligent machines. Al is the replication of the human brain or intelligence by
machines, like computers, to accomplish tasks requiring human aptitude or talent, such as seeing,
hearing, making decisions, translating between languages, driving a vehicle or boat, operating
equipment, etc. A few common and widespread uses and examples of Al are Siri by Apple [1], [2],
Alexa by Amazon [3], [4], Maps by Google [S], [6], and ChatGPT by OpenAl Al systems are
getting smarter with each successful round of data processing because each communication and
interface gives the system a chance to test and measure solutions and get better at the job it has
been designed to do [7]. Since this can be done quickly and is far quicker than a human could [8].
Al systems are tremendously effective alternatives for any process involving intelligent
decision-making and repeated tasks since they can become experts and do it much more quickly
and perfectly than humans [9]. This makes AI an extremely authoritative and priceless
technology because it essentially allows computers to think and behave like humans, which
should be much faster and have more processing power than the human brain [10]. Again,
Machine learning (ML) is the science of using machines to interpret process and analyze data in
order to solve real-world and real-time problems instantly [11]. Deep Learning is an advanced
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field of ML that can be used to solve more advanced problems [12]. Robotics is a branch of Al
which focuses on different branches/sectors and applications of robots [13]. Al is going to
dominate the car industry by creating a self-driving car in the very near future [14]. Today's Al
programs are applied to practice such as diagnostics, treatment protocol development, drug
development, personalized medicine, patient monitoring and any physical or mental care [15],

[16].

Robotics, Al, and machine learning have advanced significantly in recent years. Automation and
extensive use of Al can help organizations, companies, or industries do better in production or
service by reducing errors, improving quality and speed, accuracy and integrity, and, in most
cases, achieving results that are impossible for humans. Peter Norvig, Google's director of
research and a pioneer of ML, the data-driven Al method behind many of the company's recent
successes, says that the most important thing is to figure out how to make sure that these new
systems related to Al, help society as a whole and not just those who control them. He added, 'Al
has shown that it can do a lot of useful things.' From an extensive study, it has been shown that
automation or the introduction of Al could boost global productivity growth by 0.8% to 1.4% per
year, which is equivalent to more than 2,000 work tasks in 800 occupations. When proven
technologies can only automate less than 5% of all jobs, about 60% of all jobs have at least 30% of
their tasks that a machine could do. Therefore, a number of professions will experience change
[17]. As a result, advances in Al and related automation technologies have led to growing fears
about job losses and increasing inequality in society. This concern is widespread in high-income
countries. Developing countries and emerging market economies should be even more
concerned than high-income countries, as their comparative advantage in the world economy

relies on abundant labour and natural resources [18]. Again, declining labour and natural
resource returns, as well as the winner-take-all dynamics brought on by new information
technologies, may lead to a further loss of control in the developing and labour-intensive world.
This has the potential to slow the rapid progress made over the last fifty years. It may also
jeopardize progress toward reducing poverty and inequality in societies around the world.

The great thinker of Al, Professor YannLeCun, said that the fear of Al being a threat to humanity
is preposterously ridiculous. According to Mr. LeCun, the entire concept of Al taking over the
globe is a 'projection of human nature on machines'. He wants to say that 'keeping Al research
'under lock and key' would be a 'huge mistake' [19]. According to the Meta scientist, when people
express concerns about future robots working at or beyond human-level capabilities, 'they refer
to artificial general intelligence (AGI) systems capable of handling a wide range of problems,
similar to humans’. He emphasized that AGI development would be slow to eventually achieve a
level of intelligence similar to that of a rat's brain. Al technology is becoming an increasingly
important component for many products and will continue in the future; that will become a
fundamental part of many people's lives. At the same time, the amount of effort Al puts into the
economy will likely vary from region to region. This may depend more on the type of economic
activity that is most common in a region than on the region's economic status. Al technology has
the potential to give benefits to different income choices and bring significant gains to both
developed and developing countries [20]. Al also has the potential to create new and innovative
job opportunities, leading to a more productive and efficient economy [21]. Any technology
usually eliminates employment that creates. It is the reality that, with the advancement of Al, the
world will become more complex and self-centred in the future, as well as there will not be
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enough jobs for all, or it will not ensure employment for everyone. So, the new generation should
be educated with advanced technology and valuable skills. Therefore, the current education
system must be transformed with a pragmatic solution [22].

FIGURE 1. (a) In future robots will work with human [23] (b) Technological revolution relate
technology and human [24]

THE IMPACT OF AI ON SOCIETY AND NEAR FUTURE

Modern Al, often referred to as 'marrow AI', predominantly utilizes data-trained models and
frequently incorporates deep learning or machine learning techniques. This influence has been
especially pronounced in recent years due to the surge in data collection and analysis facilitated by
robust IoT connectivity, the increasing number of connected devices, and rapid advancements in
computer processing. Companies are investing billions of dollars annually into Al products and
services. Tech giants such as Google, Apple, Microsoft, and Amazon are at the forefront, pouring
billions into the development of these Al-driven offerings. Concurrently, universities are placing
greater emphasis on Al within their curricula, and the military forces of developed nations are
enhancing their tactical use of Al. Andrew Ng, the former leader of Google Brain and a top scientist
at Baidu, observed that many industries experience periods he describes as "winter, winter, and an
eternal spring." He suggests that we might currently be in the "endless spring"” phase of Al [25].
Today, some sectors are at the start of their Al journey, whereas others are expert travellers. However,
both have along way to go. Whatever impact Al is having on our present-day lives is hard to overlook.
Nobody can stop or slow the very fast journey of Al. Today, Al-enabled machines can perform
specific jobs better and faster than humans and imitate human actions nicely. There are four types of
Al Such as Reactive machines Al is the most superficial level of Al. Reactive machines can do basic
operations. They cannot form memories or use past experiences to make decisions like IBM’s Deep
Blue [26]. In contrast, with limited memory, Al can store existing data and create better output using
the data like Tesla’s self-driving cars. Again, theory of mind Al can connect with human thoughts and
interpret them better, but these are still works in improvement or progress. On the other hand,
self-aware Al will have independent intelligence and make its own decisions. These machines will be
smarter than human minds, and it is coming soon and will make a new history of civilization.
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FIGURE 2. (a) Al and future of life [27] (b) Working relationship between human and robots
[28]

Professor Klara Nahrstedt of the University of Illinois' computer science department has
emphasized the importance of substantial investment in education to prepare individuals for new job
opportunities, especially as Al becomes increasingly specialized and intentional in its functionalities.
She believes that in the near future, learning programming will be as essential as acquiring a new
language. If we delay this learning process, it could become even more challenging. Although
technological advancements might render certain jobs obsolete, history has shown that new
employment opportunities will emerge. This transition can be likened to America's shift from an
agrarian to an industrial economy during the Industrial Revolution, which had a significant impact
and played a role in the "Great Depression." The disappearance of jobs can sometimes be more
abrupt than many anticipate, but new opportunities inevitably arise [29]. If we understand what the
technology is capable of and the domain very well, we may start to make connections and say,
‘Maybe this is an Al problem, maybe that is an Al problem. It's wise to state, "There's a specific
problem I'd like to address'.

HUMAN ERROR AND USE OF Al

While the benefits of analytics are widely recognized, such as enhancing shopping experiences,
optimizing train and truck routes, identifying extraterrestrial life, and forecasting diseases,
organizations globally have been confronting the challenge of human errors creeping into their
analytical endeavors, sometimes leading to catastrophic results. Human error in data processing has
far-reaching consequences for organizations, from crashing spacecraft to sinking ships, transferring
billions of dollars to unintended recipients, and causing deaths due to pharmaceutical overdose [30].
Human mistakes in data analysis can occur for a variety of reasons, including a lack of expertise,
exhaustion or loss of focus, a lack of information, or the all-too-common biases in data
interpretation. On the other hand, the most prevalent human errors are related to humans reading,
processing, analyzing, and interpreting data. Al can successfully tackle human mistakes by parsing,
analyzing, drilling down, and dissecting enormous amounts of data. It can also do high-level
arithmetic, logical, and statistical functions on a human-led scale, whereas self-service analytics
cannot. Al-driven analytics has numerous advantages, from giving actionable insights in minutes to
removing errors or biases in self-service analytics. We may expect to see increased adoption of Al in
analytics worldwide as more business executives look to Al for insights that fuel their businesses.
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AIAND FUTURE EDUCATION

Al has the potential to be tremendously beneficial in the education industry. Many learning
programs benefit from using technology in their conception and implementation. It can also be used
to create games and software. It is possible to revamp and overhaul the entire educational system and
teaching methodologies using Artificial Intelligence. It starts with the issuance of certificates and
degrees in schools and institutions. Al-based apps can help both institutions and students. It can
influence the teaching and learning process by incorporating them into the educational field [31]. As
aresult, the procedure as a whole is benefits. It changes and adapts learning tasks to help all students
become better students. Al makes sure that the needs of children with special needs are met. Al is
used in education in many ways, from chatbots that help students 24/7 to personalized learning
algorithms that change each student'’s needs. Al-powered tools are also used to do things like grade
assignments and automatically give comments. Al is also being used to look at many data to find
patterns and insights that can be used to help make new strategies and plans for education [32].

The condition of education and training in the Fourth Industrial Revolution (4IR) is multifaceted
and complex but also offers exciting opportunities that can revolutionize society and whole nations
for better health and a superior state. Al powers the 4IR, changing the workplace from being unique
based on jobs to unique based on people. 4IR is making sure that people and machines can work
together again. This will close the gap between the arts and social sciences and between science and
technology. We need a quick response from a middle-level or higher education school because 4IR
technologies can help people or damage the environment [33]. This will necessarily require much
more interdisciplinary teaching, on-ground practice, research and innovation. So along with 4IR,
education 4.0 is a focused, purposeful and viable approach to learning and is transforming the future
of education using advanced technology and automation [34]. To stay up with the times, traditional
formal educational approaches must be revisited with a future perspective. Teachers and
students/learners must be familiar with the abilities required by today's rapidly evolving technology
and global society. As a result, students/learners should now be led rather than directed, and material
should be made available rather than given to them. However, there should be ethical internet usage
and optimal use of technical advantage for humanity. The purpose and goal of both general and
vocational education should be to guarantee that students/learners have the knowledge and skills
necessary to compete in the global workforce [35].

Our education should have a long-term goal, and be based on what we learn. So, we need to develop
outcome-based education modules to meet the accreditation needs of students and
competency-based education modules to help students learn information and skills effectively. We
need to build and improve the system to cut costs, be easy to use, and automate all middle- and
higher-level schooling processes. Every education system and institute should have project
management, reporting, and analytics tools so that we can make sure that future and modern
education processes and procedures take care of things like scheduling, virtual classrooms,
accreditation, strategic planning, modern learning, skill development, etc. [36]. We should adopt a
strategy and formulate such a useful plan that can ensure a preferable future for today’s
students/learners [37]. In keeping with the changing situation of today’s competitive world and the
induction of super technology in every aspect of life, education curriculum formulation and
development has to be prepared with supreme care and giving intense importance to technology, IT,
Al IoT, ML, big data, cloud and edge computing, social media and other knowledge and skill.
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FIGURE 3. (a) Al in Education [38] (b) Al may replace academics in future [39]

INDUSTRIAL REVOLUTION, 4IR AND IMPACT OF Al

Industrial revolution is a global phenomenon and continuous process. Al is going to lead to a
redefinition and a disruption of service models and products. Although the technical development
leads primarily to an efficiency enhancement in the production sectors, new creative and disruptive
service models will revolutionize the service sector. These are adapted with the support of big data
analyses at the individual requirements of the client and not at the needs of a company.

In the field of industrial production, the term ‘automatization’ is characterized essentially by four
elements: 1) the production is controlled by machines. Owing to the use of intelligent machines,
production processes will be fully automated in the future, and humans will be used as a production
factor only in individual cases. The so called ‘smart factory’, a production facility with few or without
humans, is representative of this. 2) the real-time production is a core feature of Industry 4.0. An
intelligent machine calculates the optimal utilization capacity of the production facility. Lead times
are short in the production process, and standstills, except those caused by technical defects, can be
avoided. Within the value creation chain, the coordination of materials, information and goods is
tailored exactly to demand. Stocks are kept to a minimum, but if materials needed for production fall
below a certain level, the machine orders more. The same applies to finished products; the machine
produces depending on incoming orders and general demand, thus reducing storage costs. 3) the
decentralization of production. The machine is essentially self-organized. This includes a network of
the manufacturing units. In addition to material planning, the handling of orders is also fully
automated. 4) the individualization of production even down to a batch of one unit. The machine of
the future will be able to respond, within certain limits, to individual customer requests. No
adjustments to the machines by humans are required. As a result, changeover times are eliminated.
The smart factory adds certain components or, in a context of optimum distribution throughout the
entire process, adapts individual stages of production to correspond with customer requests [40].

The term Industry 4.0 thus stands for the optimization of components involved in the production
process (machines, operating resources, software, etc.) owing to their independent communication
with one another via sensors and networks [41]. This is supposed to reduce production costs,
particularly in the area of staff planning, giving the company a better position in international
competition. Well-known examples from the field of robotics and Al are the so-called ‘smart
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factories), driverless cars, delivery drones or 3D printers, which, based on an individual template, can
produce highly complex things without changes in the production process or human action in any
form being necessary. Well-known service models are, for example, networking platforms like
Facebook or Amazon Mechanical Turk, the economy-on-demand providers Uber and Airbnb, or
sharing services, such as car sharing, Spotify and Netflix. Studies show that merely due to sharing
services the turnover of the sector will grow twentyfold within the next ten years. Old industry made
progress by using economies of scale in an environment of mass production, but the new
information economy lives on networking effects, leading to more monopolies [42].

FIGURE 4. (a) In future robot will replace teacher [43] and (b) Modern classroom [44]
FUTURE OF ROBOTICS AND ROBOTS

An algorithm is a step-by-step procedure for solving a problem or accomplishing some end.’ In the
field of Al algorithms are automated instructions that tell a computer what to do. The instructions
are mathematically driven and can be as simple as ‘if X, then Y’ actions or encompass complex
mathematical layers of instructions to execute a task or find an answer to a problem [45]. The
algorithm manipulates data in a variety of ways, such as sorting, inserting, replacing, or searching for
a data attribute. It solves problems when it carries out the instructions. ML can be supervised,
unsupervised, semi-supervised, or reinforcement learning depending on the kind of data being input
into the program and the type of outputs that can be expected [46]. When we hear someone talk
about a machine that learns, the machine is executing a structured set of mathematical procedures.
The machine learns how to correct itself based on data used to train the application or by iterating on
data used by the application once deployed. How the machine learns to correct itself depends on the
mathematical models selected for the task [47]. Data scientists and ML programmers are the team
members who select and adjust the mathematical models used in applications [48]. In deep learning,
a set of mathematical instructions such as an algorithm, which is called a node, works like a neuron
to fire the algorithm, process it as instructed, and pass its information to another node in the
computer. That algorithm is then used as input by another node in the neural network. Data move
through the nodes in a direction specified by the algorithm. A deep learning model can contain
billions of nodes embedded in many layers.

Future robotics and automation will serve as assistants, workmates, teachers, surgeons, drivers,
operators, and explorers. As engineers, technologists, and scientists continue to develop and advance
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robotics, the capabilities of this technology will only increase further. Today, in many ways, robots
are already an integral part of daily life. They might even assist us in expanding our horizons on our
planet and beyond, helping billions of people live better lives [49]. Today, robots have become

human friends and have been among us for quite some time and are used to separate humans from
dull, automated, dangerous or dirty jobs or tasks in warehouses and factories at the workplace. Safety
is perhaps one of the most important factors when we are talking about replacing humans with
robots. Robots injuring or, even worse, killing their human colleagues are becoming even bigger as
the use of advanced Al increases or automation rises and many more factories are adopting
automation. Forbes published an interesting story about the incident in which a semi-autonomous
driving Tesla car [50] collided with a tractor-trailer in Florida and subsequently killed its driver in
2016 [S1]. Again in 2015 when an industrial robot killed a German factory employee and in 2017,
another killed a Michigan worker. However, in the Future of Jobs Report, more than 80% of business
executives said that they are accelerating plans to digitize work processes and deploy new
technologies [52]. And 50% of employers expect to increase the speed of the automation of some
roles in their companies. So, in the age of AI, the McKinsey Global Institute declared that workforce
transitions in a time of automation estimate that as many as 375 million workers, or roughly 14% of
the global labor force, may need to re-skill in digitization, automation and Al by 2030 [53], in their
report, Jobs lost, jobs gained [54].

FIGURE $. Example of few modern robots ((a) Healthcare robot, (b) Emotional robot) [55], [56]

PREPARATION TO MITIGATE THE FUTURE CHALLENGES

The development of every nation is dependent on the proper utilization of people and physical
resources, which is dependent on manpower training and skill development. Actually, technical
education is all about developing skills. Skilled labor can undoubtedly boost production. Technical
education teaches people skills and knowledge that are necessary for society and industry. Japan's
rapid industrialization is attributed to the collection of technical skills, knowledge, and know-how, as
well as its strong dedication to education, particularly technical professional training. Technical
education not only increases analytical and functional abilities, but it also improves efficiency, skills,
knowledge, and profitability, all of which are critical for any country's economic success. Al may now
maximize profit while also accelerating inclusive growth. To decide which entrepreneurs and small
firms are positioned to win, Al helps investment decisions by utilizing data rather than
heuristics[Gunning 2019].Understanding the technologies themselves, in all their richness and
complexity, and how they work, the limits of what they can do, what they were designed to do, and
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how they are actually used, is a critical part of understanding how technology has caused global
change and, in turn, how global changes have influenced the development of new

technologies(Oberdiek 1995).

Technical education is information about finer skills in life that provide pupils with an advantage
over traditional schooling. Audio editing, video editing, voice modulation, recorded coddling, little
programming, and so on are fascinating skill sets that necessitate a finer and more nuanced
understanding. These abilities are typically found in students who are imaginative or have a gentler
side to their academic personality, allowing them to experiment and explore rather than obey the
rules and stay between the lines. Today's students and youth are rejecting traditional career paths
such as manager, accountant, doctor, lawyer, or administrator in favor of jobs that require far more
technical knowledge and skill, such as digital sound or video editing, AI, ML, or IoT specialist, robot
or data scientist, technologist, or engineer. We need to remember that, future world needs technician
or engineer or technologist in advanced digital and smart knowledge, skills, expertise and
capabilities. So, our education and skill development system and human resource development
program should be along with such purposeful curriculum and syllabus which is able to prepare our
new generation accordingly.

UNESCO and ILO at Geneva in 2002 have declared that, technical and vocational education as well
as training is the prime-mover of a developing nation in the 21st century. Earlier formal education
was mostly associated either with humanities or with fields like engineering, medicine, and
mathematics. An educated person usually involved somebody sitting in an office somewhere and
doing purely intellectual work. On the other hand, technical education is the education which
involved direct physical labor and practical application of one’s skills. Modern society literally cannot
exist without skilled labor force (Issey 2016). World’s socioeconomic landscape keeps changing. So,
the importance of technical education steadily grows and it will continue. Both students and
educational institutions now understand it. Computing Power, Smarter Devices, Datafication (such
as coding), Al and Machine Learning (ML), Extended Reality, Digital Trust, 3D Printing,
Genomics, New Energy Solutions, Robotic Process Automation (RPA), Edge Computing,
Quantum Computing, Virtual Reality and Augmented Reality, Blockchain, Internet of Things (IoT),
SG, Cyber Security, and other emerging technology trends are on the horizon (Simplilearn 2023).

FIGURE 6. (a) Machine vs human- who is wining? [57] (b) Robot will outsmart human in near
future [58]




AT AND NEXT GLOBAL CONSEQUENCE

With every new use of Al comes the scary question of whether or not robots will put people out of
work. The judges have yet to make up their minds. Some experts strongly disagree that AI will
automate so many jobs that millions will be out of work. On the other hand, other experts see this as
a serious issue. Social experts and people who think about Al thought that the organization of the
workforce was changing and that Al was taking over jobs. It lets us build a market based on
knowledge and use that to improve automation for a better way of life. It might be abstract, but we
should be worried about Al and robots taking our jobs [59]. However, some experts speculated that
algorithms are to blame for losing white-collar jobs like business analysts, hedge fund managers, and
lawyers. Again, there is some disagreement on how the rise of Al will affect the workforce, but
experts agree on several themes to look for. On the other hand, some experts feel that when Al is
integrated into the working, it will create more jobs, at least in the medium term. Wilson believes the
change to Al-based systems will cause the economy to add occupations to help transition. The
changes will be felt subliminally and will not be visible.

CONCLUSIONS

Today, Al robots are already very close to being real. Things that normally need human intelligence
are now within the capabilities of machines. ML and deep learning are only two examples of Al
techniques that can simplify any task. Data has the same value for computers as experience does for
humans. There is a great deal we can do using Al to improve the quality of our service and the success
of our company. If Al is deployed properly, it will allow us to maximize productivity across all
departments, boost sales and customer happiness, and better use our resources. This is why Al is
using every sector or business or organization. Future dangers from Al may be very significant. Al,
IoT, ML, and automation will reduce the need for human workers and the size of the global economy.
However, there is a high degree of uncertainty regarding the conceivable technological development
scenarios and their effects. So, substantial potential weaknesses and risks cannot be ignored.
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Abstract. The operational requirement of submarine needs tremendous focus in submarine construction
and structural strength. Selection of appropriate material thus became a determinant of the greater
strength of submarines. This paper will analyze the critical requirements to enhance the capability of
submarine in reaching greater depth and the importance of material for achieving the capability. In
particular, this paper will analyze the feasibility of steel as a material for submarine hull construction.

INTRODUCTION

Submarines are underwater self-propelled crafts that are designed and built to perform underwater
operations for a stipulated amount of time. The submarine design consists of a single, mixed or
double-hull system that houses all the necessary systems and manpower required for completion of
its mission.

The submarine design process is extremely difficult. Approximately 40% of the focus and priority in
the entire submarine design process is given to its structural design [1]. The full process of designing

its structure also takes up majority of the time, as it is not only related to strength factors but also to
a nexus of functional aspects that are interrelated to it.

HISTORY OF SUBMERSIBLE CRAFT

The concept of underwater combat has roots deep in antiquity. There are images of men using hollow
sticks to breathe underwater for hunting at the temples at Thebes, but the first known military use
occurred during the siege of Syracuse [2]. Later legends from Alexandria, Egypt from the 12th
century AD, suggested that Alexander conducted reconnaissance, using a primitive submersible in
the form of a diving bell, as depicted in a 16th-century Islamic painting.

The first serious discussion of a “submarine” - a craft designed to be navigated underwater, appeared
in 1578 from the pen of William Bourne, a British mathematician and writer on naval subjects [3].
Bourne proposed a completely enclosed boat that could be submerged and rowed underwater.
Bourne did not actually construct his boat. Dutch inventor Cornelius van Drebel is usually credited
with building the first submarine.

The submarine was first used as an offensive weapon in naval warfare during the American war of
independence (1775-83). The Turtle, a one-man craft invented by David Bushnell, a student at Yale,
was built of wood in the shape of a walnut standing on end [4]. During WW-1 and WW-2
submarines proved its worth in military use and went through many modifications and
modernization. Present day submarines are propelled by nuclear power, diesel-electric or air
independent propulsion system.




FIGURE 1. The design of Turtle
BASIC UNDERSTANDING OF SUBMARINE HULL

Parts of a Submarine

The basic parts of a submarine are as follows:

1. Pressure Hull. Pressure hull is designed to withstand the hydrostatic pressure at the maximum
operable depth of the submarine. It houses the important machinery and crew accommodations.

2. Non-pressure Hull. The pressure hull is housed inside the non- pressure hull, which does not
withstand pressure.

3. Main Ballast Tanks (MBT). The “floodable” spaces are compartmentalized into tanks, which in
submarine terminology, are called Main Ballast Tanks.

CHARACTERISTICS OF PRESSURE HULL

The pressure hull of submarine must have two basic characteristics. These are great strength and
ability to maintain its original shape under pressure. Considering these two factors and economy
shape of pressure hull is determined to be circular cross section.
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FIGURE 2. Deformation and Area vs materiel cost in various hull form
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DEPTH VS WATER PRESSURE ON PRESSURE HULL

The density of water causes ambient pressures that increase dramatically with depth [S]. At about 10
m below the surface, the water exerts twice the pressure (2 atmospheres or 200 kPa) as air at surface
level. And for every further 10 m depth the water pressure increased by 1 atmosphere.

Pressure vs. Water Depth
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FIGURE 3. Depth vs pressure underwater

SUBMARINE HULL MATERIAL SELECTION CRITERIA
Depth

Depth is one of the most important and deciding structural design criteria. The pressure hull is the
primary structural element of the submarine, and is designed to be able to withstand the external
hydrostatic pressure. Following depth parameter are considered during selection of hull material.

Depth Rating

Design Depth

Test Depth

Maximum Operating Depth
Crush Depth

Shock Load

A submarine is designed to withstand the loads generated by underwater detonations (for example,
mine explosions, pressures generated by bursting of large underwater gas bubbles).

Other Factors

Following other properties of hull material are also considered in selecting a submarine hull material:

Corrosion Resistance
Resistance to Stress-corrosion and Cracking
Resistance to Low Cycle Fatigue

Creep Resistance




Stress Relief Embrittlement
Resistance to Brittle Fractures
High Strength to Density Ratio
High Ductility

Fracture Toughness
Weldability

Malleability

SUBMARINE PRESSURE HULL MATERIAL USED WORLD-WIDE

Submarine pressure hulls are usually made of steel, aluminum, titanium, acrylic plastic and glass.
Aluminum is generally considered unacceptable as a pressure hull material because it is not weldable
and is subject to stress-corrosion cracking. Pure titanium is too susceptible to stress-corrosion at
high tensile stress levels, but titanium graphite alloys do not exhibit this problem [6].

Basing on the above criteria various navies worldwide selected various hull materials suitable for
their submarines.
USA

USA use HY80, HY100, HY130 grade material where the number represents the strength in square
inch per kilo Ib and HY represents High Yield.

1. HY80: Strength S52MPa (80ksi)
2. HY100: Strength 690MPa (100ksi)
3. HY130: Strength 890MPa (130ksi)

Germany

Submarine steel (U-Boot-Stahl) is available in 1.3813, 1.3952, 1.3964 and 1.3974 category.

1. 1.3964: Strength S60MPa-ship 212A (214), 206, 205, Dolphin class.
2. 1.3974:1s the strength around HY90 class (620-640MPa)

China

Following types of material are used:

1. 980 steel: Yield Strength 784MPa — Used in Type 093, Type 094 submarines.
2. 921Asteel: Yield Strength S90MPa (60kgf/mm2) — Used in Type 039 submarines.
3. TAS-A Titanium alloy: Yield Strength S88MPa (60kgf/mm?2).




YS = Yield Strength or proof stress. HY = High Yield
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# 1) steel of 550MPa and NS56 is equivalent to HY8o grade steel.

# 2) steel of 650MPa and NS-o is equivalent to HY100 grade steel.

# 3) steel 1078MPa and NSu10 is equivalent to the HY156 grade steel.

* 4) TiSo Titanium alloy under development 880MPa equivalent to NSgo or HY128 steel - source.

FIGURE 4. Pressure hull Material for Submarine Used Worldwide

PARTICULARS OF SAMPLE HULL MATERIAL
To further compare the characteristic of pressure hull material German 1.3964 type steel which is
Austenitic chromium-nickel stainless steel stabilized with niobium for use in non-magnetic

applications can be taken as example. The material composition of 1.3964 type steel is
X2CrNiMnMoNNb21-16-5-3 which is illustrated in following table:

Table 1. The physical properties of the material

Properties Typical Value Remarks

Yield strength 560 N/mm?
Tensile strength 890N/mm?

Corrosion Resistance Very Good
Weldability Good
Density 09 kg/dm3
Thermal Conductivity 14 W/mK at 20 °C

15.7 x 10-6 K-1 20 - 100 °C:
17.0 x 10-6K-1 20 -200 °C:

17.5 x 10-6K-1 20 —300 °C:
17.8 x 10-6K-1 20 —400 °C:

Thermal Expansion
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DEDUCTION

Basing on the study of requirements of structural strength for submarine to operate at greater depth
is highly influenced by the materials used for construction of hull. Moreover, the design of the hull
has also some contribution to the strength of the structure. Finally, the workmanship and industrial
capability determines maintenance of uniform strength throughout the hull. In general hull
thickness, strength of material, design and size etc. are the prime factors for the structural strength of
a submarine hull. In this regard steel alloys are a brilliant choice.

CONCLUSION

Selection of hull materials of a submarine depends on various criteria. These include the operational
requirement of the submarine such as the depth. In addition, the corrosion resistance, material
quality, yield strength, weight of material etc. are intrinsic particulars to be considered for hull
construction. Material strength is a significant factor when the required operational depth of
submarine increases. In this aspect most of the modern countries use alloys which provide better
corrosion resistance, greater strength and superior strength to weight ratio. The percentage of carbon
in material plays a determining role in increasing strength.

However, to achieve the required combination the design and industrial process is a determinant of
success. The survivability of the submarine depends on the uniform strength throughout the hull. To
achieve this thickness of submarine pressure hull is of paramount importance. Nonetheless, it is the
strength of the material which ultimately decides the survivability of the submarine underwater. In
this regard the selection of material and composition of alloys are important.
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Abstract. In modern electronic packaging industries, plastic ball grid array (PBGA) has been widely
used as the microprocessor components. Upon thermal cycling due to the generation of thermal
stresses, the PBGA package may undergo fatigue failure in the solder balls and thus it became a
matter of interest for researchers to model the PBGA package to calculate its thermal cycling life.
This study aims in 3D finite element modeling of the slice model of a PBGA package to calculate the
accumulated plastic dissipation energy per cycle in the solder joint, which is often considered as an
indication of damage accumulation in the solder joint of the PBGA package. The thermal cycling
simulation is performed between -40 to 125 oC and the associated life to failure is predicted using
obtained finite element results and life prediction theory. As researchers have already showed, the
failure of the solder joint usually starts at the corner of the solder-copper interface layer and then it
propagates along the interface or through the body of the solder depending on the mechanical
properties and shape of the solder ball. Traditionally, a flat interface layer is always maintained in the
manufacturing of the PBGA packages. For the first time, this research focuses on the effects of the
interface geometry on the damage accumulation in the critical solder joint hence the life for crack
initiation as well as crack propagation of the package. Instead of a flat circular solder-copper interface
layer, a wavy patterned interface layer is considered in the simulation. Finite element analysis results
show that thermal life and crack propagation in the solder ball greatly depends on the geometry of
the solder joints. The volume averaged plastic energy dissipation accumulated per cycle is reduced
when a wavy patterned interface layer is considered which may be due to the fact that more surfaces
come in contact with each other reducing stress and therefore the no. of cycles before failure
increased in case of wavy patterned interface layer.

INTRODUCTION

In Bangladesh's capital city of Dhaka, the Gabtoli-Sadarghat water circle transportation system is a
significant type of public transportation. For commuters, especially those from the western part of
the city who must travel to the central and eastern sectors, it offers a practical and affordable form of
transportation. The system does, however, suffer a lot of challenges and constraints that have a
detrimental effect on both its economic viability and ridership. These issues include a lack of safety
safeguards, poor boat quality, inadequate infrastructure, and infrequent service. A comprehensive
investigation is needed to identify the difficulties and suggest workable and sustainable introducing
new technologies, and all of the above are examples of feasible initiatives. By putting these tactics
into practice, the city and its residents could benefit from a more effective, secure, and appealing
water circle transit system. It is crucial to prioritize and invest in enhancing the transportation
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infrastructure as Dhaka's population expands to provide all inhabitants with a reliable and secure
mode of transportation.solutions in order to address these concerns and enhance the current water
circular transportation system. Creating a policy framework, raising public awareness, boosting
safety and security measures, upgrading infrastructure and boats.

ROUTE ANALYSIS

Two significant places in Dhaka, the capital city of Bangladesh, are Gabtoli and Sadarghat. The
waterways route is one of the most convenient and well-liked ways to get between these two
destinations, which are separated by a distance of roughly 16 kilo meters. The city's northern and
southern regions are connected by a waterways route, which offers an alternative to the typically
congested road transit system. The route was selected because it satisfied the essential physical
requirements and provided several chances for the transportation sector to prosper in the future by
obtaining the required level of precision.
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FIGURE 1: Map showing location of the study area (Satellite View)

PROBLEMS AND PROPOSED SOLUTION FORTHE ROUTE

A. Problems on the route

A significant variety of problems with the Gabtoli-Sadarghat water circle transportation system in
Dhaka, including a lack of outside frequency and slower pace. Low boat frequency causes lengthy
wait times between boats, which deters commuters from using the system. The boats' attraction is
further diminished by the fact they move at a slower speed than other forms of transportation.
Existing loads on this route are also problematic for the system, which may cause crowding and
discomfort for passengers. Safety and security pose a serious problem as well because passengers'
lives are at stake when safety procedures like life jackets and safety warnings aren't used. Further,
there is a low level of ridership due to the lack of passenger awareness about the system. The city and
its residents will profit if the frequency and speed of the boats are increased, security and stability
measures are implemented, and public awareness is risen. This would make the water circle transit
system a more practical, efficient, and fascinating means of transportation improving infrastructure,
modernizing transportation modes, and integrating different transportation modes are critical for
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the development of Bangladesh's inland transportation sector. To achieve this, the government
should prioritize investment in infrastructure development and maintenance, promote the use of
technology, and regulate and standardize different aspects of the transportation sector. The
government should also take steps to tackle corruption, improve logistics management, enhance
safety and security measures, promote environmental sustainability, and encourage skilled labour
development. Additionally, political stability and increased investment in the sector should be
ensured. The government could also consider privatization and public-private partnerships to
leverage the strengths of both sectors. Lastly, international cooperation should be explored to
enhance regional integration and the development of regional transportation networks

B. Types of Water Vessel Functioning On The Route

In Bangladesh, the waterways route between Gabtoli and Sadarghat is primarily serviced by
motorized passenger boats or ferries that can carry both people and cargo. Depending on demand
and route requirements, these diesel-powered boats come in a variety of sizes and are composed of
steel or wood.As part of the circular canal system, the Bangladesh Inland Water Transport Company
(BIWTC) launched a water bus service between Sadarghat and Gabtoli in 2004, but it was a failure
due to poor frequency and intermodal facilities. The service was restarted in 2010 after a six-year
break, but was quickly suspended once more due to a lack of landing facilities, subpar journeys, and
increasing rates. The Bangladesh Inland Water Transport Authority (BIWTA) dredged the river to
ensure a constant water flow while the BIWTC chose to expand the service frequency by
introducing four new water buses with 81 seats each. The service was restarted by BIWTA in July
2013 with six water buses, with rates ranging from 10 to 40 taka.

BIWTC intends to increase the number of water buses to twelve by the end of the year despite
suffering a financial loss as a result of the low passenger volume. It is intended that this increase in
frequency would make the water bus service more well-liked and lucrative in the future, along with
advancements in landing areas and prices.

C. Speedboat Service on Dhaka Circular Waterway

In September 2022, a private enterprise introduced a high-speed watercraft service using five swift
speedboats on two routes of the Dhaka circular waterway. The Kodda-Gabtali and Gabtali-Sadarghat
routes will be introduced later in response to passenger demand. The Tongi, Abdullahpur-Kodda
and Tongi/Abdullahpur (Gazipur)-Ulukhul (Kaliganj) routes were offered for Tk150 and Tk120,
respectively.State ministers Khalid Mahmud Chowdhury and Zahid Ahsan Russell, who stressed the
value of safeguarding waterways and asked business owners not to harm the environment by
depositing trash in the river, launched the Tongi River Port. In order to reduce road congestion and
establish effective passenger and cargo transportation systems via waterways, the high-speed
watercraft service was introduced.

PROPOSED SUBSTATION
A. Substation at Thota:

There may be a substation for travelers heading from and toward this location called Thota close to
Sadarghat (2.2 kilometers down the waterway). Although there are many ghats seen here, the ghats
(stations) are solely for local boats. inadequate or completely unavailable amenities The water route
from Thota to the Kamrangir char region can also be used.
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Figure 2: Substation at Thota (Satellite View)

Substation Near Dhanmondi Model Town (Bosila):
This substation enables the connection of a new water channel passing through Bosila in the route,
in addition to offering local residents with access to water transportation facilities.

Figure 3: Substation at Bosila (Satellite View)

On the proposed substation area, there is also a stream through that area might be helpful. The
region is densely populated.

Figure 4: Substation at Nobabchar area (Satellite View)
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B. Preliminary Design of a Vessel

A preliminary Catamaran vessel design that could be launched along on the route has been designed,
and the probability of sustainability has been evaluated using net present value calculations.

Reason for Catamaran design instead of monohull

Due to their stability, shallow draft, roomy interiors, and faster speed when compared to monohulls,
catamarans are typically chosen for carrying passengers. For people who are prone to motion
sickness, they provide a gentler ride in choppy waters. They have additional options for itineraries
and destinations because they can access beaches and shallow waters. They provide a more pleasant
and delightful trip since they offer more space for passengers and amenities. Also, because of their
greater speed, they provide speedy and effective transit, which benefits ferry services and vacation
operators. Generally, catamarans are preferred over monohulls for passenger transport due to their
many advantages.

"
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Figure 5: Comparison of Monohull and Catamaran vessel resistance

Rhino 3D design

Figure 6: Top view
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Length overall-24 meters
Breadth-9.5 meters
Draft-1.5 meters
Depth-1.7 meters
Displacement-72 tonnE

Figure 7: Perspective view

Figure 8: Right view

C. Dimensions

D. Estimated Total Capital cost

Engine cost 1768200

Steel cost 1170000
Generator cost 1500000
Accommodation and 4561800

interior costs

Shipyard costs 3000000
Other machinery costs 3000000
Total Capital cost 15000000

Table 1: Capital cost for Catamaran vessel
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E.NET PRESENT VALUE ANALYSIS

Fare per trip=300x3=9000 taka

Fare per day=3x9000=27000 taka

Maintenance day per year=1S5 days

Working day per year=350 days

Fare per year=27000x50 =9450000taka

Expense per year-

Salary of 1 skipper 4 crew=200000x12=2400000tk
Fuel consumption=0n 50% load 5.7 liter per hour
Operating hour 6 hours

Fuel cost per year=6x5.7x109x12 =450000taka
Lubricating oil cost=100000 taka

Maintenance per year=1500000tk

Other costs=450000taka

On the boat capacity =160 passengers
Considering 150 passengers will travel on per trip
Office hour=10 am to 4.30 pm

Minimum trip per day =3 days

Table 2: Net Present Value Calculation

CASH EXPENS Depreciati TAXABL TAX CASH
INFLOW E on E 30% INFLO
BEFORE INFLOW W
TAX AFTER
TAX

-20000000 -
2000000
0
9450000 4800000 4650000 1395000 8055000  0.92592 7458333.
6 3
9922500 5040000  1052631.57 3829868.4 1148960. 8773539. 0.85733 7521896
9 21 5 47 9
10418625 5292000  1052631.57 4073993.4 1222198 9196426. 0.79383  7300420.
9 21 97 2 2
10939556. 5556600  1578947.36  3804008.8  1141202. 9798353. 0.73503 7202082.
25 8 82 7 59 4
11486534. 5834430  1578947.36 4073156.6 1221947 10264587 0.68058 6985905.
06 8 95 d 3 5
NPV 1646863
7

Launching a catamaran on the route between Gabtoli and Sadarghat Water should be profitable since
the NPV is positive and has a corresponding value.Since the NPV was estimated over a period of five
years, the investment will be recovered in under five years with a substantial profit margin. This NPV
ought to draw investors and businessmen.




F. DISCUSSION and RECOMMENDATION

A. Infrastructure Development

The growth of Bangladesh's inland transportation industry depends on the infrastructure, including
roads, bridges, and ports, being improved. To make sure that the transportation system can handle
the growing volume of traffic, the government should prioritize investments in infrastructure
development and upkeep.

B. Modernization of Transportation Modes

The government ought to make investments in the modernisation of the rail network, including
modernizing the machinery and technologies in use. This will increase the railway system's effectiveness
and dependability, making it a more desirable alternative for both enterprises and individuals.

C. Integration of Diverse Modes of Transportation

The government ought to try to integrate various means of transportation, including those involving
the road, rail, water, and air. By doing this, efficient and effective transportation of both people and
products will be possible.

D. Corruption

Government should take action to combat corruption in the inland transportation industry.
Anti-Corruption Measures This can entail bolstering anti-corruption legislation and rules, boosting
accountability, and improving transparency.

E. Improved logistic management

For Bangladesh's inland transportation industry to operate effectively and efficiently, improved
logistics management is essential. To guarantee that commodities are carried in a timely and
economical way, the government should seek to improve coordination and planning amongst
various parties.

F. Steps to Improve Safety and Security

The government needs to take action to improve safety and security in the inland transportation
industry. This can entail hiring more security guards, upgrading security tools and technology, and
putting safety precautions in place to stop theft and hijacking.

G. Sustainability in the environment

The government needs to take action to solve environmental problems in the inland transportation
industry. This could entail encouraging the use of eco-friendly transportation options, such as electric
or hybrid cars, and making the necessary investments in waste management and disposal systems.

H. Political Stability
The government should take action to maintain political stability in the nation, which will lessen the
impact of strikes and protests on transportation.

I. Increased Investment
By fostering a welcoming investment environment and decreasing the risks connected with the
industry, the government should promote more investment in the inland transportation sector.

38




J. Development of Skilled Labour

The government ought to make investments in the inland transportation industry's need for skilled
workers. This can entail offering chances for education and training as well as encouraging the
growth of practical skills.

K. Increase efficiency and cut costs
The government may want to privatize various facets of the inland transportation industry, such as
the operation of ports and railroads.

L. Public-Private Partnerships:
To take advantage of the strengths of both the public and private sectors, the government might
promote the growth of PPPs in the inland transportation industry.

M. Usage of Technology

To increase effectiveness and lower costs, the government should encourage the use of technology in
the inland transportation industry, including the use of GPS, real-time monitoring, and automated
systems.

N. Regulation and Standardization
To provide a level playing field for all stakeholders in the inland transportation industry, the

government should regulate and standardize many areas of the industry, such as tariffs.

O. International Cooperation

In the inland transportation industry, the government should look at prospects for international
cooperation, such as regional integration and the creation of regional transportation networks.

CONCLUSIONS

A review of the Gabtoli to Sadarghat water circle transportation system reveals serious issues,
including traffic, delays, and safety worries, which have an adverse effect on Dhaka citizens.
Increasing the number of vessels, expanding infrastructure, setting safety measures in place, and
better stakeholder collaboration are all suggestions for how to improve this system. To satisfy the
growing demand and shorten wait times, more boats should be deployed. New jetties and repairs to
the infrastructure will increase accessibility and safety. Implementing safety precautions like life
jackets, boater education, and emergency supplies is a good idea. A more effective and dependable
network of water transportation depends on greater stakeholder cooperation and communication.
These adjustments attempt to increase capacity, reduce travel times, and improve mobility, but they
necessitate cooperation from the public, transport providers, and the government.
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Abstract. This comprehensive article explores the potential of the shipping industry in Bangladesh and
outlines strategic initiatives to harness this potential for economic growth. Bangladesh, strategically
located in South Asia with access to the Bay of Bengal, stands as a natural trade gateway connecting
various regions. The nation’s growing economy, driven by industries such as textiles, demands efficient
shipping services. Despite challenges like infrastructure limitations and complex regulations, the
shipping sector in Bangladesh exhibits resilience and adaptability. The article emphasizes the need for
strategic steps such as facilitating capital access, attracting investments, simplifying foreign
transactions, offering sector-specific incentives, and ensuring tax exemptions. These measures, coupled
with the development of supporting industries, can elevate Bangladesh as a prominent player in the
global shipping arena, contributing significantly to the nation’s economic prosperity.

INTRODUCTION

Bangladesh annually exports goods worth 56 billion dollars and imports goods worth 92 billion
dollars. The transportation sector accounts for a significant portion of the expenses in this import
export business. In the fiscal year 22-23, Bangladesh incurred a cost of 34 billion dollars in freight
charges paid to foreign companies. According to the Flag protection Act of 2019 in Bangladesh,
shipping of imported cargo is mandated to be done by Bangladeshi shipping companies. However,
due to the lack of domestic shipping lines, foreign shipping companies are doing business by getting
waiver from department of shipping. If Bangladesh had the capacity to handle these shipments, it
could potentially earn 15 billion dollars in freight revenue.

According to UNCTAD regulations, a country can carry 50% of its total import-export cargo
through its own carriers. Currently, Bangladesh has the potential for a 17-billion-dollar business.
Additionally, the neighboring states like Arunachal Pradesh, Assam, Meghalaya, Manipur, Mizoram,
Nagaland, Tripura, Uttar Pradesh, Jharkhand, and West Bengal collectively have a 31-billion-dollar
business potential. India, with its 400-billion-dollar industry, hires various shipping companies every
year. This suggests a substantial opportunity for Bangladesh and its neighboring states to tap into the
shipping industry and significantly enhance their economic prospects.

Moreover, there exists a lucrative opportunity worth $25 billion in the neighboring Seven Sisters
states, namely Arunachal Pradesh, Assam, Meghalaya, Manipur, Mizoram, Nagaland, and Tripura, as
well as in Uttar Pradesh, Jharkhand, and West Bengal. India, boasting a 400-billion-dollar market,
consistently attracts a wide array of shipping companies each year.

To bolster our economy, given our limited resources and a burgeoning population, a strategic focus
on the service sector is imperative. Countries such as Canada, Switzerland, Germany, and South
Korea have achieved prosperity by emphasizing the service industry. Germany, for instance,
generates $1.2 trillion from its service sector, while South Korea earns $500 billion.
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Shipping stands out prominently within the service sector. The advantage of this business lies in its
independence from land; it can operate globally with skilled manpower. By nurturing our shipping
sector, we have the potential to make a significant 100% contribution to our GDP. For instance, a
Danish company called APM contributes a remarkable 110% to its country’s GDP.

Switzerland, a landlocked country with no seaports or maritime boundaries, is home to the world’s
largest shipping company. This fact underscores the urgency for the development of shipping
companies in our region, making it a necessity of the present moment.

OBJECTIVE

By developing a shipping service right from our own home base, we're not only meeting our own
logistical needs but also tapping into a thriving global demand and earning foreign currency This is
the way to emerge as economically strongest nation of the region:

WHY SHIPPING BUSINESS

Strategic Location

Situated strategically in South Asia and blessed with access to the Bay of Bengal, Bangladesh
functions as a natural trade gateway connecting South Asia, Southeast Asia, and the global market.
This geographical positioning elevates its significance as a pivotal hub for shipping and logistics
operations.

The geographical location of Bangladesh is unique as it connects the Northeastern states of India,
Nepal, Bhutan, entire West Bengal as well as Myanmar, which is paving the way for Chittagong Port
to function as a region’s main transshipment hub.

Gle geographical 1ocation§

Bangladesh is unique as it
connects the Northeastern
states of India, Nepal,
Bhutan, entire West Bengal
as well as Myanmar, which is
paving the way for
Chittagong Port to function
as a region’s  main
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FIGURE 1. The Geographical location of Bangladesh
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Growing Economy

In recent years, Bangladesh has witnessed a remarkable and consistent upswing in its economic
growth. The nation’s Gross Domestic Product (GDP) has been on a steady rise, positioning it as one
of the globe’s fastest-growing economies. This robust economic expansion has naturally spurred a
heightened demand for shipping services, driven by the need to efficiently transport a wide array of
goods and raw materials. As industries flourish and trade networks expand, the reliance on reliable
and efficient shipping solutions has become paramount, underlining the pivotal role played by the
shipping sector in fueling Bangladesh’s burgeoning economy.

Export Import-Driven Economy

The thriving textile industry in Bangladesh presents a significant opportunity for the shipping
business. As a major exporter of textiles, ready-made garments, and agricultural products,
Bangladesh relies heavily on seamless shipping and logistics services to ensure the swift and efficient
delivery of its products to international markets. With the textile sector being one of the country’s
economic pillars, the demand for reliable shipping solutions is ever-increasing. This presents a
lucrative prospect for shipping companies to capitalize on this demand, offering tailored services
that cater to the specific needs of the textile industry. By providing efficient cargo handling, timely
deliveries, and cost-effective transportation solutions, shipping businesses can play a pivotal role in
further boosting Bangladesh’s textile exports. Embracing this opportunity not only strengthens the
shipping sector but also contributes significantly to the country’s economic growth and global trade
footprint.

A detailed statistics of our economy can reflect the nature of this industry. Following table will

highlight the nature of the shipping industry of Bangladesh.
TABLE 1. Trade Statistics

Details Quantity Units

Total Cargo Handled by Chittagong Port 117 Million MT
Import 94 Million MT
Export 23 Million MT

In 2021 - Container Handled 3,214,548 TEUs
Import 1,649,459 TEUs
Export — Laden 837,751 TEUs
Export — Empty 739,337 TEUs

TABLE 2. Regional Cargo

Import Value  Total Import Value Freight
Per MT (Millions-USD) Revenue

Total Cargo handled 64 Million MT 18,800
by Kolkata Port

Import 42 Million MT 10,400
Export 22 Million MT 8,400

In 2019-20 8,44,762 TEUs
(Container Handled)

Details Quantity Units




Details Quantity Units Import Value  Total Import Value Freight

Per MT (Millions-USD) Revenue
Import 4,22,381 TEUs 44,000 18,585 1,774
Export - Empty 1,68,952 TEUs 42
Export - Laden 2,53,429 TEUs 19,500 4,942 558
Sub Total
Nepal Bound Cargo 13 Million MT 4,550
Nepal Bound 1,80,000 TEUs
Container
Bhutan Bound 85,000 TEUs
container

TABLE 3. Volume of the Freight Market

Bangladesh Rest of Bay of Bengal
Expenses related to Foreign Trade related transport Amount (USD) Amount (USD)
cost
Total Merchandise Import Value 92,364,800,000.00 63,36,48,00,000
Total Merchandise Export Value 56,342,300,000.00 42,34,23,00,000
Total Merchandise Trade Value 148,707,100,000.00 1,05,70,71,00,000
Freight and related other charges (BD) 34,712,130,000.00 31712130000
Nepal Bound Cargo 4,591,000,000.00
Bhutan Bound Cargo 136,160,925.73
Total Freight Market USD (Billion) 66.42

Freight Market in Bay of Bengal: 101.113 USD (Billion)

Expanding Port Infrastructure

Bangladesh has been investing in expanding and modernizing its port infrastructure. Major ports
like Chittagong, Payra Port and Mongla Port have undergone significant upgrades to handle larger
cargo volumes efficiently. Also, Matarbari deep sea port will open very soon.

Connectivity Initiatives

Bangladesh has been investing in expanding and modernizing its port infrastructure. Major ports
like Chittagong, Payra Port and Mongla Port have undergone significant upgrades to handle larger
cargo volumes efficiently. Also, Matarbari deep sea port will open very soon.

Increasing Trade Volume

The trade volume of Bangladesh has been steadily increasing, with imports of raw materials and
exports of finished products. This trend creates opportunities for shipping companies to expand
their operations and services.

Rise In Shipping Technology

The adoption of modern shipping technology, such as containerization and tracking systems, has
improved the efficiency and competitiveness of the shipping industry in Bangladesh.
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Regional Trade Agreements

Bangladesh is a member of various regional trade agreements, such as SAARC and BIMSTEC. These
agreements promote trade and economic cooperation among member countries, further boosting
the shipping industry’s prospects.

OPPORTUNITIES OF SHIPPING BEYOND NATIONAL BOUNDARIES

International shipping and global trade present substantial prospects for Bangladesh, underscoring
the country’s strategic positioning and its access to the Bay of Bengal as pivotal advantages. These
factors position Bangladesh as a promising hub for international shipping and trade. Within this
context, the nation can tap into a diverse range of boundless opportunities:

Export and Import Expansion: Bangladesh can broaden its export-import activities,
venturing into global markets and diversifying beyond its strong textile sector to include
electronics, pharmaceuticals, and agro-products.

Transshipment Excellence: Due to its proximity to major global markets, Bangladesh can
establish itself as a transshipment hub. This involves efficient handling and transfer of cargo
from large vessels to smaller ones, facilitating seamless distribution across various regional
destinations.

Container Shipping Enhancement: Active participation in the global supply chain
necessitates investment in container shipping services. Establishing container shipping lines
connecting Bangladeshi ports with international counterparts is crucial for seamless global
connectivity.

Efficient Logistics and Freight Forwarding: As global trade rises, the demand for efficient
logistics and freight forwarding services grows. Specialized companies coordinating the
movement of goods between countries can flourish in this dynamic environment.

Free Trade Zones Establishment: Creating special economic zones or free trade zones
within Bangladesh attracts foreign investments. These zones serve as attractive hubs for foreign
entities aiming to set up manufacturing or distribution facilities, ensuring effortless access to
international markets.

E-commerce Facilitation: The surging growth of e-commerce offers opportunities for
cross-border trade. Bangladesh can streamline customs procedures, enhance international
shipping services, and bolster support for e-commerce platforms, fostering seamless online
trade.

Maritime Support Services Development: Establishing maritime services like ship
bunkering, ship agency, and maritime consultancy contributes significantly to the shipping
industry’s growth. These services ensure efficient vessel operations and services, bolstering the
sector.

Cold Chain Logistics Implementation: Responding to the global demand for perishable
goods, Bangladesh can establish a robust cold chain logistics network. This infrastructure
enables the country to export agricultural products such as fruits and vegetables to
international markets, meeting stringent quality standards.
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Investment in Marine Technology: Strategic investments in marine technology research and
development can lead to innovations in ship design, navigation systems, and safety measures.
These advancements enhance Bangladesh’s competitiveness in the global shipping industry.

Tailored Shipping Finance and Insurance Services: Offering financial and insurance
services customized to international shipping and trade needs can attract foreign investors and
traders. Tailored solutions enhance confidence and facilitate smoother transactions in the
shipping business.

Environmental Compliance and Sustainable Practices: In light of tightening global
regulations on emissions and environmental sustainability, businesses focusing on clean
shipping and sustainable practices are poised to thrive. Complying with these standards
ensures environmental responsibility and industry competitiveness.

Promotion of International Collaboration: Building robust international partnerships and
agreements with other countries creates avenues for joint ventures, trade agreements, and
cooperative efforts within the shipping and trade sector. Collaborative initiatives foster
knowledge exchange and mutual growth, expanding opportunities for all stakeholders
involved.

CHALLENGES

The shipping business in Bangladesh faces several challenges, both internal and external, that can
impact its efficiency, profitability, and competitiveness. Here are some of the key challenges faced by
the shipping industry in Bangladesh:

Infrastructure Limitations: Limited port capacity: The major ports in Bangladesh, such as
Chittagong Port, experience congestion and limited handling capacity, leading to delays in
cargo processing. Inadequate road and rail connectivity: Insufficient Road and rail
infrastructure connecting ports to industrial zones can cause bottlenecks in cargo
transportation.

Complex Customs Procedures: Cumbersome and time-consuming customs clearance
processes can hinder the smooth flow of goods. Inconsistent regulations: Frequent changes in
regulations and compliance requirements can create uncertainty for businesses.

Inconsistent Regulations: Frequent changes in regulations and compliance requirements
can create uncertainty for businesses.

Environmental Challenges: Vulnerability to climate change: Bangladesh’s low-lying coastal
areas are highly susceptible to sea-level rise and extreme weather events, posing risks to port
operations and shipping routes. Pollution concerns: Environmental regulations related to
emissions and ballast water management are increasingly stringent, requiring compliance
measures and investments in cleaner technologies.

Piracy and Maritime Security: The presence of pirates in the Bay of Bengal and concerns
related to maritime security can increase risks for vessels operating in the region.

Outdated Technology: Insufficient investment in modern technology and automation can
lead to inefficiencies in cargo handling and logistics.
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Competition with Neighboring Ports: Nearby ports in India and Myanmar can pose
competitive challenges, especially if they offer more efficient services or lower costs.

Political Instability: Periodic political unrest and strikes can disrupt business operations and
hinder trade.

Exchange Rate Fluctuations: Currency exchange rate volatility can impact the costs and
profitability of international shipping operations.

Inadequate Investment: Limited investment in port infrastructure and logistics: The
shipping sector may not receive adequate funding for necessary upgrades and expansions.

Bureaucracy and Corruption: Bureaucratic red tape and corruption can slow down business
processes and increase costs.

Security and Safety Regulations: Compliance with international security and safety
regulations, such as the International Ship and Port Facility Security (ISPS) Code, requires
resources and expertise.

Risk Management: Cargo damage, accidents, and liability risks require meticulous
management through insurance and safety protocols.

Despite these challenges, the shipping industry in Bangladesh has displayed resilience and
adaptability. Ongoing efforts by the government and industry stakeholders to improve
infrastructure, streamline regulations, and enhance competitiveness aim to position Bangladesh as a

key player in global trade and shipping.

DEVELOPMENT OF SHIPPING SUPPORTING INDUSTRY

The shipping industry relies on a wide range of supporting industries and services to function
effectively. These supporting industries play crucial roles in various aspects of the shipping business.
Here are some key supporting industries in the shipping sector will be developed along with

shipping business.

1.

Port Operations: Ports are the primary points of entry and exit for cargo in the shipping
industry. Port operations include cargo handling, container terminal management,
stevedoring, and customs clearance.

Shipbuilding and Repair: The shipbuilding industry produces vessels, while ship repair
facilities maintain and repair ships to ensure they remain seaworthy and compliant with safety
and environmental standards.

Marine Insurance: Marine insurance companies provide coverage for cargo, vessels, and
liability risks associated with shipping. This is essential for mitigating potential financial losses.

Freight Forwarding: Freight forwarders act as intermediaries between shippers and carriers,
coordinating transportation and logistics services, handling documentation, and ensuring
cargo moves efficiently.

Customs Brokerage: Customs brokers assist with customs clearance procedures, import/export
documentation, and compliance with customs regulations at ports of entry and exit.
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Logistics and Supply Chain Management: Companies specializing in logistics and supply
chain management offer services such as inventory management, transportation planning, and
distribution to optimize the flow of goods.

Container Manufacturing: The production of shipping containers, including standard dry
containers, refrigerated containers (reefers), and specialized containers, is crucial for cargo
transportation.

Navigation and Communication Technology: Providers of navigation systems,
communication equipment, and satellite tracking play a vital role in ensuring safe and efficient
navigation for vessels.

Environmental Services: Companies offering environmental services help the shipping
industry comply with environmental regulations, such as ballast water management, emissions
reduction, and waste disposal.

Maritime Security: Maritime security firms help protect vessels and cargo from threats such
as piracy, theft, and terrorism. They provide armed guards, security assessments, and security
equipment.

Crewing and Manning Agencies: These agencies recruit and manage crews for ships,
including captains, officers, engineers, and deckhands. They ensure that vessels are adequately
staffed with qualified personnel.

Port Infrastructure Development: Companies involved in the planning, design, and
construction of port infrastructure, including piers, terminals, and container yards, support the
growth and efficiency of ports.

Bunker Fuel Supply: Suppliers of bunker fuel provide the fuel required to power ships. With
increasing environmental regulations, there is a growing demand for cleaner and more efficient

fuels.

Container Leasing and Management: Container leasing companies provide containers to
shipping lines and logistics providers on lease, and they manage container fleets.

Cargo Surveying and Inspection: Cargo surveyors inspect and assess the condition of cargo
before and after shipment, ensuring it meets quality and safety standards.

Trade Finance and Banking: Banks and financial institutions offer trade finance solutions,
letters of credit, and other financial instruments to facilitate international trade and shipping
transactions.

Maritime Education and Training: Institutions and training centers provide education and
training for individuals pursuing careers in the maritime industry.

These supporting industries may generate job opportunities, earn foreign currency and create
resonance to the overall economy and its worth will be not less than S0 USD(billion)
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STEPS REQUIRED FOR THE SHIPPING BUSINESS DEVELOPMENT IN
BANGLADESH

In order to achieve a sustainable outcome from Shipping Business, Bangladesh can take following
steps. Although this steps alone cannot sufficiently determine the outcome of the shipping industries
development in Bangladesh but for a sustainable growth of this industry following steps is absolutely
necessary to achieve the goal.

1.  Facilitate Capital Access: To fuel the growth of the shipping industry, entrepreneurs should
be encouraged with streamlined processes to secure capital easily from banks, specifically
earmarked for ship acquisitions.

2. Simplify Foreign Currency Loans: Policies should be revised to simplify the process for
entrepreneurs seeking foreign currency loans from abroad for ship acquisitions, promoting
international investments in the industry.

3. Attract Investments: To attract investments, favorable policies should be created,
encouraging insurance and pension funds from various countries to invest in the shipping
sector, boosting financial inflows.

4.  Ensure Efficient Foreign Transactions: For effective management of shipping businesses,
facilitate the establishment of foreign currency and instant payment gateways. Shipping
companies should be authorized to transfer 85% of their foreign expenses in foreign currency,
especially for essential needs like fuel, repairs, and crew salaries, ensuring smooth operations.

5. Offer Sector-Specific Incentives: Introduce incentives tailored to the shipping sector, akin to
those provided for imports. By encouraging export-oriented industries, such incentives would
stimulate growth and investment in the shipping industry.

6. Tax Exemptions and Growth Projections: Waive all VAT and taxes related to earnings in
foreign currency. These initiatives have the potential to yield substantial annual earnings,
aiming for an impressive target of 100 billion foreign currencies within the next S years.
Furthermore, Bangladesh could earn an additional SO billion dollars through associated
businesses, propelling the sector’s growth at an annual rate of 15%. These steps are vital for the
burgeoning success of the shipping industries in Bangladesh.

7.  Policy of Opening Letters of Credit (LC) in FOB Terms to Facilitate Local Shipping
Lines: OB terms mean that the seller is responsible for delivering the goods to the port or
vessel and covering all costs associated with the delivery to the agreed point. Once the goods
are on board, the risk and costs transfer to the buyer. I am recommending that countries open
Letters of Credit in FOB terms can significantly benefit local shipping lines and foster
economic growth. FOB terms streamline the trade process, reduce costs, and mitigate risks for
all parties involved. Furthermore, they position a country as an attractive destination for
international trade and investment. By adopting this approach, countries can enhance their
competitiveness and positively impact their domestic economies.

CONCLUSION

Bangladesh stands at a pivotal moment, poised to harness the vast potential within its shipping
industry to bolster its economy and emerge as a global player. With an annual export value of $56
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billion and an import value of $92 billion, the transportation sector plays a significant role in the
country’s trade dynamics. However, challenges such as limited port capacity, complex customs
procedures, environmental vulnerabilities, and political instability have hindered the shipping
sector’s full potential.

Addressing these challenges demands a strategic approach and coordinated efforts from various
stakeholders. Streamlining capital access, simplifying foreign currency loans, and attracting
investments are critical steps to empower entrepreneurs and enhance the industry’s financial

stability. Facilitating efficient foreign transactions, offering sector-specific incentives, and projecting
growth through tax exemptions can stimulate business activities, encouraging innovation and

expansion.

The potential for the shipping industry’s growth is underscored by its interconnection with
supporting sectors like port operations, shipbuilding, marine insurance, logistics, and technology.
Investment in these areas is not only essential for the shipping industry’s development but also for
generating employment opportunities and foreign currency inflows.

Bangladesh’s strategic location as a trade gateway connecting South Asia, Southeast Asia, and the
global market provides a unique advantage. By capitalizing on this geographical positioning,
Bangladesh can expand its export-import activities, diversify into electronics, pharmaceuticals, and
agro-products, and establish itself as a transshipment hub, efficiently transferring cargo to various
regional destinations.

Moreover, embracing technological advancements, complying with international security and
safety regulations, and promoting maritime education and training will enhance the industry’s
competitiveness. Collaboration with neighboring states, involvement in regional trade agreements,
and participation in global trade events will further position Bangladesh as a key player in the
international shipping arena.

In conclusion, a comprehensive strategy encompassing financial facilitation, technological
integration, regulatory compliance, and international collaboration is crucial for Bangladesh to
unlock the vast potential within its shipping industry. By surmounting challenges, fostering
innovation, and nurturing a conducive business environment, Bangladesh can not only meet its
domestic logistical needs but also tap into a thriving global demand, earning foreign currency and
emerging as the economic powerhouse of the region. The path to economic strength lies in strategic
investments, robust policies, and a collective commitment to the growth of the shipping industry,
steering Bangladesh toward unparalleled prosperity in the global trade landscape.
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Abstract. Natural fiber composites (NFC) are made of natural resources thus possesses
environmentally beneficial properties such as biodegradability. With its natural characteristics, NFC
is obtaining more attention in recent years in various application including automotive,
merchandise, structural and infrastructure. Several studies have shown that NFC can be developed
into a load-bearing structural member for applications in structural and infrastructure application.
Natural fibers exhibit many advantageous properties as reinforcement for composites. They are a
low-density material, yielding relatively lightweight composites with high specific properties.
Natural fibers also offer significant cost advantages and benefits associated with processing, as
compared to synthetic fibers. The challenge in working with NFC is the large variation in properties
and characteristics. The properties of NFC to a large extent influenced by the type of fibers,
environmental condition where the plant fibers are sourced and the type of fiber treatments.
However, with their unique and wide range of variability, natural fiber composites could emerge as
a new alternative engineering material which can substitute the use of synthetic fiber composites.
Finally, the study will conclude with the prospects of NFC applications and the emerging trends in
novel bio-composites for future structural applications.
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Natural fiber; structural application; fiber composites.

INTRODUCTION

Application of natural fibers as a construction material is not new. The use of natural fibers in
composites dates back to three thousand years ago in ancient Egypt where straw and clay were
combined to build walls. These peoples, however, had no idea how they could systematically study
the fundamental mechanisms and processes involved in the reinforcing effect of natural fibers and
what could be done to maximize their performance in strengthening structures [2].

The meritorious services of the artificial Fiber Reinforced Polymer (FRP) composites in
construction industry are already encouraging since last few decades. The most common synthetic
fibers in practice are glass, carbon, and aramid. It has been concluded that the synthetic FRP
composites are capable to upgrade the stiffness, durability, ultimate load-carrying capacity, and
retard the cracks propagation of structures. However, such material does not address the issues of
sustainability of the non-renewable sources and imposes a higher cost during manufacturing. In
addition, the human health will be affected adversely especially in skin and respiratory system. Thus,
the research community had given more attention to natural fibers as an alternative to the artificial

fibers [3].
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The growing environmental awareness worldwide has led to an increasing interest in natural fibers
and their applications so that their study is nowadays considered an important field. There exists a
wide variety of natural fibers that can be employed as reinforcement or fillers. Fiber composites
composed of natural fibers offer such advantages as high strength, lightweight, and high durability as
well as resistance to water, chemical attacks, electric current, fire, and corrosion. Moreover, they
have proved cost effective in most applications as the properties of fiber composites can be
engineered to match the requirements of each specific application. Therefore, interest in natural
fiber-reinforced composites (NFRCs) composites is growing rapidly in the transportation sector,
aerospace, marine, construction, and automotive industry [2]

The difficulty, however, lies in the evaluation of the quality of natural fibers for use in such
applications. The real challenge in this regard lies in the development of a general relation capable of
capturing and predicting the structural and mechanical properties of NFRCs since large variations
are typically observed in their properties and characteristics [2]. It is important to note that natural
fibers have some disadvantages, such as low thermal stability (likely to degrade at 220-250°C).
Hydrophilic nature of natural fibers results very poor interface and poor resistance to moisture
absorption. The lack of good adhesion between natural fibers and polymeric matrix materials, as well
as the high moisture absorption of natural fibers, negatively affect the mechanical properties. To
develop composites with better mechanical properties and environmental performance, it is
necessary to enhance the hydrophobicity of flax fibers by treating them with appropriate coupling
agents or coating them with appropriate resins [2].

This paper aims to investigate the possibility of use of natural fiber composites in structural and
infrastructure applications.

NATURAL FIBER

Natural fibers in simple definition are fibers that are not synthetic or manmade. They can be sourced
from plants or animals. Hence, these fibers are actually in abundance stock around the world.
Several plants from which fibers can be sourced are Sisal (Agave sisalana), Hemp (Cannabis sativa),
Bamboo, Coconut (Cocos nucifera), Flax (Linum usitatissimum ), Kenaf (Hibiscus cannabinus),
Jute (Corhorus capsularis) and Ramie (Boehmeria nivea). Fibers from animals are for example wool

(Sheep) and feathers (Chicken) [1] etc.

From part of the plant where the fibers are sourced, the fibers can be classified into bast fibers (jute,
flax, hemp, ramie and kenaf), leaf fibers (banana, sisal, agave and pineapple), seed fibers (coir, cotton
and kapok), core fibers (kenaf, hemp and jute), grass and reed (wheat, corn and rice), and other

types of fibers [4].

Traditionally, especially in rural developing countries, natural fibers have been cultivated and used
extensively for non-structural applications such as multipurpose rope, bag, broom, fish net and
filters. The fibers have also been used for applications in housing as roof material and wall insulation.
In the composites industry, natural fibers are often referred to as vegetable fibers. Plant fibers
derived from bast (stem, soft tissues, or sclerenchyma); plant leaf, seed, fruit, and wood; or cereal
and grass straw are generally the most popular of natural fibers used as reinforcement in
fiber-reinforced composites [2]. Figure 2 shows the life cycle of natural fibers composites.
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FIGURE 1. Pictures of several natural fibers [1]
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PROPERTIES OF NATURAL FIBERS
CHEMICAL PROPERTIES

Cellulose is the major component in the natural fiber that develop the stability and strength of the
cell as well as fiber. The amount of percentage of cellulose in the fiber influence the mechanical
properties, economic of fiber production and usage of fiber in various type of application.
Hemicellulose is lightly crosslinked when compared to cellulose and it is the combination of
multi-polysaccharide polymer with the degree of polymerization and orientation is less than the

cellulose. Lignin is a highly cross-linked molecular complex and act like glue between fibril which
form the cell wall. Lignin provide the strength and stiffness of the cell wall and it protect
carbohydrate from physical and chemical attack [8].

Table 1. Chemical Composition of Natural fibers [ 7]

Fiber type Chemical composition percentage (%)

Cellulose Hemicellulose Lignin Pectin Waxes Moisture

Flax 64.1 16.7 2 1.8 1.5 10
Hemp 55-80.2 12-22.4 2.6-13 0.9-3 0.2 6.5
Jute 64.4 12 0.2 11.8 0.5 10
Remie 68.9 13.1 0.6 1.9 0.3 10
Kenaf 37-49 18-24 15-21 8.9 0.5 -
Sisal 65 12 9.9 0.8 0.3 10
Cabuya 68-77 4-8 13 - 2 -
Abacca 56-63 15-17 7-10 - 3 -
Coir 19.9-36.7 11.9-15.4 32.7-53.3 -

Banana 48-60 10.2-15.9 14.4-21.6 3-5

Betelnut 35-64.8 29-33.1 13-26

Rice 28-48 23-28 14 20

Wheat 29-51 26-32 16-21 7

Oat 31-48 27-38 16-19 7.5

Sea grass 57 38 5 -

Bagasse 28.3-55 20-36.3 21.2-24 0.9

Bamboo 48.2-73.8 12.5-73.3 10.2-21.4 -
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MECHANICAL PROPERTIES

Generally, the type of fiber is based on its source: animal plant or mineral. Cellulose is the main
constituent of the fiber and protein is the main constituent in animal fiber. Due to the higher
strength and stiffness, the plant fibers are used over the animal fiber. Mechanical properties of
natural fibers composite are affected by some factors, these are listed below:

Selecting fibers (type, harvest time, treatment and fiber content)
Resin type

Stacking sequence of fibers

Interfacial strength

Manufacturing process Cellulose is the major

Table 2. Mechanical Properties of Fibers [9]

Failure Tensile  Stiffness/young's Specn.ﬁc Specific
tensile

strain strength modules young's

(%) (MPa) (GPa) &;ﬁ:}fﬁl&) modules

Ramie 1.5 900-1200 2.0-3.8  400-938 44-128 270-620 29-85
Flax 1.5 5-900 1.2-3.2  345-1830  27-80 230-1220 18-53
Hemp 1.5 5-55 1.6 550-1110  58-70 370-740 39-47
Jute 1.3-1.5  1.5-120 1.5-1.8  393-800 10-55 300-610 7.1-39
Harakeke 1.3 4-5 4.2-5.8  440-990 14-33 388-761 11-25
Sisal 1.3-1.5 900 2.0-2.5 507-855 9.4-28 362-610 6.7-20
Alfa 1.4 350 1.5-2.4  188-308 18-25 134-220 13-18
Cotton 1.5-1.6  10-60 3.0-10  287-800 5.5-13 190-530 3.7-8.4
Coir 152 20-150 15-30 131-220 4-6 110-180 3.3-5
Silk 1.3 Continuous  15-60 100-1500  5-25 100-1500 4-20
Feather 0.9 10-30 6.9 100-203 3-10 112-226 3.3-11
Wool 1.3 38-152 13.2-35 50-315 2.3-5 38-242 1.8-3.8
E-glass 2.5 Continuous 2.5 2000-3000 70 800-1400 29

Density Length

Fiber (g/cm?) (HY

POTENTIAL NATURAL FIBER FOR STRENGTHING STRUCTURE

Natural fibers as construction materials are not entirely new; in fact, they have been used since the
early seventies. In Bangladesh, primary schools were constructed using jute fiber reinforced
polyester in 1972-1973 as the first natural fiber composite material to be used in a developing
country [6].

Various researchers have shown the feasibility of the usage of natural fiber composites in various
civil engineering applications including roofing and bridges. The all-natural composites which are
composites made of natural fibers and biodegradable resins are an important development that
shows feasibility not only for non-load bearing construction elements but also for structural
elements.

Rao (et al. 2008] aims at introducing new natural fibers used as fillers in a polymeric matrix enabling
production of economical and lightweight composites for load carrying structures. An investigation
of the extraction procedures of vakka, date and bamboo fibers has been undertaken.
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The cross-sectional shape, the density and tensile properties of these fibers, along with established
fibers like sisal, banana, coconut and palm, are determined experimentally under similar conditions
and compared. The fibers introduced in the present study could be used as an effective
reinforcement for making composites, which have an added advantage of being lightweight [9].

F.S. Tong (etal. 2017) present a paper reviewing the natural fibers such as jute, kenaf sisal, and silk
as current reinforcement in Polymer Matrix Composite (PMC) for strengthening of Reinforced
Concrete (RC) structural members externally in building industry. They found that among the
natural fibers, bamboo fiber is considered as the most potential fiber due to its lighter specific density
and rapid growth rate. The BFRC possessed higher mechanical properties than kenaf, jute, and sisal
fiber-based composite. Bamboo fiber is believed to be a nearly inexhaustible root of raw material for
the raising demand for biocompatible products, environmentally friendly and have achieved the
criterion of structural upgradation material [3].

Very few examples have been so far developed of bio-composites used as infrastructure
components. One example is the pedestrian bridge made by the Eindhoven University of
Technology in 2019 in which the girder is a bio-composite of hemp and flax fibers attached to a
polylactic acid (PLA)-based foam core. Three alternatives are traditionally in use for bridge building
in the Netherlands, namely concrete, steel, and composites. Even if environmental concerns are not
the most important factor, composites often come in as the winning solution. A composite bridge
requires hardly any maintenance, while a steel bridge has to be painted every S years. From a
building cost viewpoint, concrete is usually the cheapest alternative albeit a concrete bridge is
impossible in some locations because of its high weight while it also occupies more space and takes
more time to construct. In such cases, a steel bridge might be preferred but only at a higher cost. It
follows that a composite bridge stands as the really most economical solution. Moreover, a
bio-composite bridge will reasonably be the winner if environmental concerns are the main factor to
consider [11].

CONCLUSION

Application of natural fibers is on the rise and will continue to dominate the market for the years to
come. In real life situations, natural fibers will carry on to be new materials used to make reinforced
composites for different structural applications. Bio-composites or biodegradable materials (like
wood) are characterized by shorter life-spans and require more safety provisions to account for
rotting and aging. A long-lasting, load-bearing product is highly unlikely to be biodegradable
because any biodegradable material might encounter problems of moisture penetration in the long
run. The presently available mathematical and numerical models for predicting the properties of
natural fiber-reinforced composites are not always accurate enough due to the nonavailability of
reliable input data. These considerations require an enormous amount of research in future as many
of the issues raised in previous works still await reasonable and convincing answers in order to
guarantee the reliability of natural fiber composites for different applications.
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INTRODUCTION

The Buriganga River flows through the southwest part of Dhaka and known as the life this city. The
flow of this river is influenced by rivers like Jamuna, Turag and Dhaleswari. This river is
economically very important to Dhaka, it was once the main source of drinking water for this city.
The Buriganga river is one of the most important rivers in the country in respect to irrigation,
fisheries, transportation, recreational uses and so on. The water of Buriganga river is undergoing
continuous changes in terms of quality. The degradation of water quality of Buriganga has
aggravated at an alarming rate because of increasing industrialization, urbanization, and
development activities. Buriganga river receives millions of litters of sewage, domestic waste,
industrial and agricultural effluents. The Buriganga river is choked with industrial effluent and
untreated sewage through numerous outfalls. Thousands of industrial units and sewerage lines
dumping huge volumes of toxic wastes into Buriganga river increasingly polluting the water (1).
Ainun Nisat a leading environmental expert expressed, “Much of the Buriganga is now gone, having
fallen to ever insatiable land grabbers and industries dumping untreated effluents into the river. The
water of the Buriganga is now so polluted that all fish have died and increasing filth and human waste
have turned it like a black gel. Even rowing across the river is now difficult for it smells so badly.”
Today the Buriganga River is one of the most polluted rivers of Bangladesh. The most common
pollutants of this river are chemical waste from factories, household waste, medical waste, sewage,
tannery waste, plastics and oil. The city of Dhaka discharges about 4500 tons of solid waste and most
of it is released into the river. Around 21,000 cubic meters of toxic water are released into the river
by tanneries every day, according to the Department of Environment. Dhaka is a city of more than
1S million people, and its human waste is responsible for 60% of pollution in the river, industrial
waste of 30% and the rest is solid waste. This pollution ends the river into a dying river which causes
natural calamities and hazard. So, the aim is to find out the causes of pollution and suggest some
feasible mitigation process of the pollution and save the river and its ecosystem.

RIVERPOLLUTION AROUND DHAKA CITY

Dhaka is surrounded by six rivers. River Balu and Shitalakhya are on the eastern side. Turag and
Buriganga on the western side. Tongi khal to the north and Dhaleshwari to the south. Dhaka is one
of the congested cities in the world. The rivers surrounding it are an advantage to it and essential for
the survival of this mega city as these rivers provide drainage system, drinking water, different kinds
of fishes, and waterways for travelling.
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Major industrialization has been observed in Dhaka, especially dyeing, washing, and textile sectors.
Estimation reveals that there are over 7000 industries in Dhaka metropolitan area located in mostly
three clusters, namely, Hazaribagh, Tejgaon, Dhaka-Narayanganj- Demra area (2). However,
among all these industries dyeing factories and tanneries are the main polluters of the rivers. Waste
from these industries is usually connected to the sewerage system that directly follows to the rivers
around the city. The rivers have become a dumping ground of all kinds of solid, liquid, and other
chemical waste.

Polluted water of Buriganga, Turag, Balu, Shitalakhya, Narai flowing around the greater Dhaka city
is posing a serious threat to public life as the water is unfit for human use. People living near these
polluted rivers, having no other alternatives, are forced to use this polluted water which results in
skin disease and water-borne disease.

ST Ol

Figure 1: River pollution around Dhaka city

SOURCES OF WATER QUALITY PARAMETER

Water quality parameters include chemical, physical, and biological properties and can be tested or
monitored based on the desired water parameters of concern. The parameters that are frequently
sampled or monitored for water quality include temperature, pH, electrical conductivity (EC), total
dissolved solids (TDS), dissolved oxygen (DO), biological oxygen demand (BOD), sodium (Na),
potassium (k), iron (Fe), arsenic (As) and manganese (Mn) content etc. Water Quality parameters
are basic to life within aquatic systems. Impairments of these can be observed as impacts to the flora
and or fauna with a given water body. It has been observed several time that Most of the measured
water quality parameters and concentration of heavy metals exceeded the standard level set by
Department of Engineering (DoE). Among heavy metal concentration, level of chromium and
cadmium were much higher than the standard drinking level, these results indicate that surrounding
industrial wastewater discharging from textile and tannery industries, which pollute the Buriganga
river water most.

CAUSES OF POLLUTION

Buriganga river is one of the most polluted rivers in Bangladesh. The water is pitch black in color in
dry season, the smell is unbearable. A large portion of the total population, about 150 million people,
rely on the river for living and for transportation. Dhaka is not a planned city and much of its
urbanization is linked to its industrial development, which over time has resulted in decreased water
quality. Inadequate sewage and inefficient waste management contribute to the water pollution,
resulting in water quality in the river to parameters far below the critical limit. Moreover, untreated
industrial waste and household sewage are discharged into the river system, leading to the extinction
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of aquatic life and the failure of ecosystems. To evaluate the current situation of the Buriganga River, it
is essential to understand the volume, variety and types of dumping the river is receiving. The average
depth of the river is 7.6 m with a maximum depth of 18 m (3). More than 249 tanneries are located on
the bank of the Buriganga River and most of these industries do not have any effluent treatment plants
(4).Asa consequence, every day the river receives approximately 22,000 m3 of liquid waste containing
chromium, lead, ammonium, sulfur and other chemicals. In addition, other industries such as fertilizer
industries, dyeing industries, aluminum, iron and steel workshops, plastic, pharmaceuticals, battery
manufacturing, washing, hardware and cold storage units discharge around 3,500 m3 of liquid wastes
every day into the Buriganga River (5). Furthermore, industrial effluents have damaged land fertility
around Buriganga and affected agriculture. The accumulation of waste has also reduced the
navigability of the river, adversely affecting the water transportation system. This is now one of the
most polluted rivers in Bangladesh due to extensive dumping of industrial and human waste.

SOURCES OF POLLUTION

Due to poor revenue sources of the city governments, the sewerage network is absent in some
locations, so sewage is connected with the storm water lines there. The disposal of untreated
industrial and chemical waste into storm sewer lines ultimately contaminates the river water. Other
causes of pollution include the solid waste dumping points besides the river, lack of sanitary latrine
facilities for the poor living nearby, obstruction of the natural flow of water due to engrossments,
pollutants at the Sewerage Treatment Plant at Pagla (PSTP), and absence of a sanitary sewage
system alongside the Buriganga river (6).

POINT SOURCES

The point sources of pollution of the Buriganga are identified as:
Group 1: Sluice gates alongside the Dhaka Integrated Flood Protection (DIFP)
Group 2: City drains along the Buriganga, including the Dholai Khal
Group 3: Outfall from the PSTP. These sources largely make the river water contaminated and
the worst quality for human usage and underwater microorganisms (7).

GROUP 1

The sluice gate along the Dhaka Integrated Flood Protection (DIFP) Embankment: Eleven sluice
gates are found alongside the DIFP embankment. Sluice gate S-6 mainly drains out storm water and
sewage from Mohammadpur, Kallyanpur, and adjoining areas through Kallyanpur Khal and part of
Ramchandrapur Khal. During high-flow seasons, it washes all small-industrial waste and household
waste into the Buriganga, while S-7 drains out the toxic ternary waste from Hazaribagh, which
largely contributes to the pollution of the Buriganga. Along with the tannery waste, it discharges
household waste from the neighboring areas through Kantasur Khal. A part of Ramchandrapur Khal
drains out dark and toxic wastewater through S-7. Household waste from Rayerbazar, Nimtala,
Sultanganj, Zigatala, Nawabgonj, Gajmahal, Kantasur, and West Dhanmondi is discharged to
Buriganga through S-7, which also carries the tannery waste from Nimtala Beel to Buriganga. S-8
also carries tannery waste from Borhanpur, Kanipara, and Battola areas, which is later discharged
into the Buriganga river. Both sources pollute the water of the Buriganga, while S-9 drains out
wastewater from Pilkhana, Enayetgonj, Ganaktuly, Azimpur, Bhagalpur, and Nawabgonj, and S-10
drains out wastewater from Shahidnagar, Balughat, and Amligola into the Buriganga.
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GROUP 2

Municipal drains: 41 drains in Dholai Khal area carry municipal wastewater into Buriganga. Mostly
earthen canals pass over Postagola-Shashan Ghat to Balubazar. In the Dholai Khal area, one of the
major channels of water pollution of the river Buriganga, 40% of the total pollutants is discharged at
these points (Bhuiyan, Rakib, Dampare, Ganyaglo, & Suzuki, 2011). Gerani Khal, connected with
Dholai Khal, discharges wastewater from part of Narinda, Saidabad, Farashganj, and the adjoining
area of Hrishikesh-Dash Road. Untreated wastewater through these channels flows directly into the
Buriganga river and deteriorates its water quality.

GROUP 3

The Pagla Sewerage Treatment Plant (PSTP): The PSTP is the only point where municipal
wastewater is treated before falling into the Buriganga. This plant is located at S-7 and Dholai Khal,
which controls the pollution level of wastewater at that point. As such, the level of pollution is less at
S-7 and Dholai Khal, compared to that of other sluice gates alongside the Buriganga river. However,
the PSTP treats a lower volume of wastewater than its capacity due to the low flow of wastewater
during dry seasons (approximately 48,000 m3 /day), and such plants are absent at points of other
sluice gates alongside the Buriganga river. The following Figure 2 demonstrates the dark wastewater,
which directly falls into the Buriganga in the absence of the Sewerage Treatment Plant at the points
of all sluice gates except S-7 and pollutes the river water.

NON-POINT SOURCES

Numerous non-point sources of domestic and industrial waste also contribute to water pollution of
the Buriganga. Significant domestic wastewater is discharged into the Buriganga water from the
Lalbagh area throughout the Babubazar area. The indiscriminate release of wastewater deteriorates
the quality of water, particularly in the dry season when the volume of water is lower, resulting in the
river water becoming darker with a pungent smell. Moreover, industrial wastewater from the
densely populated Zinzira to Keraniganj significantly contaminates the Buriganga water. Oil spillage
is one of the main sources of water pollution in Buriganga river. Oil spilage from boats and other
sources hampers riverine life and ecosystem. River dumping or waste dumping from boats and ships
in the river, especially plastic substances crush water life and enough plastic waste can slow the flow
of the river. Groundwater pollution is another major non-point source. Buriganga receives a high
amount of garbage, plastic, clinical waste, domestic waste everyday by the people living along side.

POSSIBLE MITIGATION PROCESS FOR REDUCING POLLUTION LEVEL

Pollution in the Buriganga River has reached such alevel that mitigation and prevention of pollution
alone cannot bring it back to life. A restoration plan must be followed in order to revitalize the river.
The possible mitigation measures that must be undertaken include the following.

PUBLIC AWARENESS TO CONTROL TO POPULATION

The huge population explosion of Dhaka is one of the main reasons for Buriganga river pollution.
According to several studies, each day about 900 cubic meters untreated domestic and industrial
effluents are discharged into the Buriganga-Turag system. An individual person means an extra number
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of pollutants. So, to prevent the Buriganga river pollution we should make public awareness not to
dump in river and stop population growth of Dhaka city.

INCREASE WATER FLOW OF BURIGANGA

During the dry season, the river has a flow of only 50 cubic metre per second (cumec). One solution
is to connect the rivers of Dhaka with the Jamuna River which has a minimum dry season flow of
around 3500 cumec. This will not only improve the water quality of the peripheral rivers of Dhaka
but also will benefit water supply, agriculture irrigation, fisheries, and navigation. This is an ideal case
of integrated water resources management.

CONTROLLED DISPOSAL OF SOLID WASTES

To control disposal of solid wastes into river Dhaka City Corporation (DCC) and BIWTA should
work together. BIWTA must force the owners of the vessels and traders on the bank of the river to
dump the solid wastes at the fixed places provided by DCC. For any type of construction work
within 50 meters of the riverbank, clearance from BIWTA should be mandatory. All structures,
especially brick fields within 200 meters from the riverbank should be demolished.

RIVER DREDGING

The government must allocate a budget so that BIWTA can buy sufficient dredgers for routine
dredging of the riverbed for smooth navigation. River pollution cleanup solutions like river dredging
and debris containment river boom, will attempt to curb some of the pollutants in the water.

MOVING TANNERY FROM HAZARIBAGH

The Ministry of Industries must take initiatives to shift the leather tanneries from Hazaribagh to
Hemayetpur, Savar with Common Effluent Treatment Plant (CETP) facilities, which was supposed
to be done in 2006, under the recommendation of a task force on Buriganga formed by the
government in 2003.

MITIGATING MARINE POLLUTION

CONTROLLED DISPOSAL OF BALLAST WATER

The discharge of ballast water from ships is a major cause of river pollution. The huge amount of
ballast water being disposed in the river. Around 1000 metric tons of ballast water discharged every
year. ‘Ballast Water Management Plant’ should be implemented under IMO rules and regulations
on almost all types of ships. Most of the ballast water treatment systems use 2-3 disinfectant
methods together, divided into different stages. A general ballast water treatment plant comprises
two stages with one stage using physical separation while the second stage employing some
disinfectant technology. The choice of treatment system used in combination depends on a variety
of factors such as type of ship, space available on the ship, and cost limitations as mentioned before.




CONTROLLED DISPOSAL OF GREY AND BLACK (SEWAGE) WATER

The discharge of grey and black water directly into the river needs to be controlled. Sewage treatment
plants are used for treating gray and black water. The Sewage treatment plant must be installed
onboard ship to reduce the pollution caused by grey water from sinks, laundries, showers and galleys
and Black water or sewage water.

CONTROLLED DISPOSAL OF TOXIC CHEMICALS AND OTHER SOURCES

Toxic chemicals should be discharged under strict rules as per IMO and inland rules to reduce
pollution due to chemicals. These chemicals should be treated before discharging.

CONTROLLED DISPOSAL OF BILGE OIL

Right after an oil spill, the immediate concern is to prevent the oil from spreading and contaminating
the adjacent areas. While mechanical methods like using oil booms effectively contain the oil, they
have certain limitations to their use. Experts have recently been using compounds like ‘Elastol,
which is basically poly iso-butylene (PIB) in a white powdered form, to confine oil spills. The
compound gelatinizes or solidifies the oil on the water surface, thus preventing it from spreading or
escaping. In addition, the gelatin is easy to retrieve, and this makes the process highly efhicient.

CONTROLLED DISPOSAL OF SOLID WASTE

IMO conventions such as MARPOL Annex S- Garbage from Ships and other related guidelines have
to some extent been able to streamline the waste and garbage management onboard marine vessels
by implementing methods such as Garbage Management Plan for Ships. This also makes it vital for
the vessels’ waste management teams to work together in order to understand and comply with
waste reduction, recycling and management. The waste and Garbage generated onboard ships which
contribute to river pollution comprise of chiefly plastics, dunnage and packing material, cleaning
material and rags, paper products, food waste, remains of paints, solvents, and chemicals. Proper
handling of these waste products is critical to prevent marine pollution. Maximum efforts should be
put into waste reduction and management to permit a safe and healthy work environment onboard
as well as preserving a pollution free River Buriganga.




CONCLUSION

The Buriganga River represents a good case study about the emerging problems and threats that the
rivers in Bangladesh are now facing. The problems related to environmental degradation are widely
observed recognized and discussed, but the key issue is to take some initiatives for the ecological
restoration of the riverine environment. The cost involved in mitigation, restoration, and protection
programs of the Buriganga River can be justified by the resulting benefits that the people of Dhaka
expect from the river, which is inextricably linked with the history and development of Dhaka. It has
been found that the Buriganga river is strongly polluted and unsuitable for drinking and irrigational
purposes. Proper care should be taken when disposing of industrial effluent, sewage water and sludge
to protect aquatic environment as well as existence of lives. Again, to control marine pollution ships
need to follow the IMO rule. Proper sewage treatment plants, chemical plants, and oil treatment
systems need to be installed onboard the ship. Ship owners and service providers should be liable for
strict compliance with IMO standard on installation of various treatment plant onboard ship. The
overall general people awareness needs to be developed against pollution of water of Buriganga river.

RECOMMENDATIONS
The following recommendations should be followed:

1. Definite measures should be taken against the effluents from the industries discharged directly
to the Buriganga river without any proper treatment.

Strict rule should be imposed for ensuring use of proper Sewage and Chemical treatment plant
onboard ships to minimize marine pollution.
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Abstract. There are a number of distinct meanings for the term "corrosion.” Some definitions are
extremely specific, addressing only a single type of corrosion, whereas others are extremely general,
encompassing a wide range of deterioration. This study examines the corrosive behavior of Smm
and 6mm shipbuilding plates in freshwater and saltwater. The primary focus was on the effects of
corrosion and the changes in mechanical properties of Mild steel induced by corrosion, as well as the
necessity of understanding how materials corrode. To complete the investigation and collect the
necessary data, several tests were conducted. Samples of precisely machined mild steel were
submerged in saltwater and freshwater for four months. The samples were removed from the water
and weighed several times over the course of a few days to ascertain the rate of weight loss and
corrosion. To gain a greater understanding of the variation in mechanical properties and surface
morphology, tensile tests, hardness tests, and microscopic observation were conducted. Weight loss
and corrosion rate curves were plotted to make the comparison more visible. For shipbuilding
purposes, it is essential to comprehend how corrosion can disrupt ship operations and eventually
contribute to the ship's premature failure. This study’s findings can be used to choose the finest
materials for applications with a high rate of corrosion.

INTRODUCTION

Almost every manufacturing or manufacturing-related application makes use of mild steel. It is a
category of low carbon steels characterized by high tensile strength, plasticity, and affordability, and
has a carbon content between 0.15 and 0.3 percent. Carburizing also increases its surface hardness.
In addition to being the most cost-effective form of steel, its weldability, strength, and hardness
make it ideal for usage in a broad range of steel products.

Although it contains very little carbon, mild steel is nonetheless considered to have rather robust
mechanical qualities. Mild steel's superior tensile and impact strength over High Carbon Steel is due
to the fact that it may be readily bent at room temperature. Mild steel may be bent or deformed
when pressured, however high carbon steel cracks or breaks under the same conditions. Weldability,
processability, high ductility, and excellent stiffness [8] were just a few of mild steel's benefits in the
building business.

Materials including fiber-reinforced polymers (FRP), nonferrous metals, and polymers are used in
the construction of ships. However, marine steels make up over 90% of all materials used in
maritime engineering. Carbon and mild steel kinds with high tensile strengths and outstanding
workability are among the requirements of master shipbuilders. Timber and wrought iron remained
the most common materials in marine applications for decades after steel became increasingly
prevalent in shipbuilding in the late 1800s. Before World War II, steel was used almost exclusively in
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the construction of large boats like cargo freighters and war ships because it was stronger and lighter
than wrought iron, enabling for quicker and more durable vessels to be created for crowded
battlegrounds. Due to its lower initial cost and lighter overall weight, steel quickly replaced iron in
the shipbuilding industry after World War II. The use of prefabricated steel components in block
construction heralded the beginning of a new era in shipbuilding. These days, ships' superstructures
are made almost entirely out of steel. When one or more electrons are lost in the bulk of a metal due
to corrosion, the binding energy of that metal decreases, and the metal oxidizes. Corrosion
resistance is an essential property since it determines how reactive a metal or alloy will be in a certain
setting. The expanding usage of this metal in manufacturing and construction sectors presents a
number of challenges, one of the most significant being the control of corrosion when exposed to a
variety of corrosive environments [10]. The rate of corrosion of steel structures in hostile marine
and offshore settings impacts the economic interests of offshore structures because steel loss may
have a substantial influence on structural safety and performance. More and more people are
interested in delaying the expense of replacing existing structures by estimating the corrosion rate at
a specific site for a given amount of exposure once the protective coating or cathodic protection has
been removed [9].
2. RESEARCH METHODOLOGY

To acquire results, this study employs the following methodology:
« Collection of uncoated mild steel plates
« Collection of saltwater and freshwater [Figures 1(a, b)]
« Cut steel plates to the specified dimensions using a CNC machine from Machine Tools Lab

[Figure 1(c, d, )]

Acquiring the essential supplies and apparatus for the experimental arrangement

Establishing the experimental arrangement at the Hydrodynamics Lab on the ground floor
of tower 4

Necessary experiments were conducted, and based on experimental data, conclusions were

{30+ 2008 )mem

(d) (e)
FIGURE 1. (a) Sea water. (b) Fresh Water. (¢) Samples for weight loss & corrosion rate calculation.
(d) Samples for hardness test. (¢) Sample for tensile strength test
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3. SAMPLE COLLECTION & PREPARATION

Water and steel plate samples were collected. Samples have been prepared according to the required
size, which is shown above.

4. EXPERIMENTAL SETUP

In The Hydrodynamics Lab Of The Name Department At MIST, The Following Components Were
Assembled For An Experiment:

« Two 40-Liter Containers Were Carried, With One Containing Pure Water And The Other
Containing Salt Water [Figure 2(a)].

« A Piece Of Wood Was Placed Atop The Containers, And Samples Were Suspended From It
Using Fine Threads [Figure 2(b)].

« Barrels And Samples Were Plainly Labelled To Prevent Error During The Reading
Procedure, And Samples Were Submerged In Water [Figure 3(c)].

[FRESH WATER) 1SEA waTER)
DEPT: NAME DEPT: MAME

f 201824025 v 201824005
10182403 01824001

FIGURE 2. (a) Barrels of fresh water & sea water. (b) Piece of wood placed on top.
(c) Samples immersed in water.

S. EXPERIMENT

To conclude the investigation, a total of five experiments were conducted.
» Weight loss calculation
« Corrosion rate calculation

« Hardness test




« Tensile strength test

» Microscopic examination

6. RESULT & DISCUSSION

6.1 Weight Loss Calculation
6.1.1 Weight Loss in Fresh Water

When both samples [ Smm, 6mm] are submerged in fresh water for the first few days, weight loss
increases dramatically, indicating the corrosion assault is at its height. The first-day weight loss for
Smm and 6mm samples were 0.036 and 0.1. The sample materials lose less weight as immersion
duration increases, reaching 0.001 and 0.02 respectively. Lower weight loss over several days may
indicate that protective coatings produced during the preceding days lower corrosion attack rates by
inhibiting sample-corroding medium contact. The quick weight loss during submersion may be
related to the time needed for the exposed surface to form a protective coating on the samples.

TABLE 1. Data for Smm & 6mm samples in freshwater

Weight Loss, AW (gm/mm?2) Weight Loss, AW (gm/mm?2)
Smm 6mm
0.036 0.1

0.027 0.08
0.023 0.056
0.02 0.054
0.02 0.032
0.005 0.03
0.003 0.028
0.001 0.025
0.001 0.0248
0.001 0.0242
0.001 0.0235
0.001 0.02

Weight loss curve in Fresh water

(5mm,6mm)

weight loss (gm/mm2)

®—5mm ®— 6mm

FIGURE 3. Weight loss curve in fresh water (Smm, 6mm)
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6.1.2 Weight Loss in Sea Water

Again, in the case of samples[ Smm,6mm ] immersed in seawater, a similar trajectory is obtained in
which a greater quantity of weight loss is observed during the first few days, but weight loss is
observed to decrease with increasing immersion time [Table 2]. The same explanation applies to
this phenomenon as it did to fresh water.

TABLE 2. Data for Smm & 6mm samples in seawater

Weight Loss, AW (gm/mm2) Weight Loss, AW (gm/mm2)
Smm 6mm

0.148 0.248

0.432 0.532

0.425 0.526

0.25 0.264

0.151 0.228

0.238 0.153

0.224 0.139

0.189 0.125

0.156 0.173

0.148 0.098

0.14 0.095

0.12 0.085

Weight loss curve in
Seawater[5mm,6mm]

weight loss (gm/mm?2)

days

—@—5mm —@—6mm

FIGURE 4. Data for Smm & 6mm samples in seawater
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6.2 Corrosion Rate Calculation

Variable corrosion rate is also associated with progressive weight loss. Using the following
equations, the corrosion rate was computed for each reading.

Reorrosion = ((Kx AW))/((pxT))
AW = Weight loss per exposed surface area (gm/ cm?2)

Wo = Initial weight (gm);

Wf = Weight after designated period (gm);
A = Exposed surface area ( cm2);
Rcorrosion = Corrosion Rate (mm/year);
K = Unit conversion factor;

p = Density of metal (gm/ cm3);

T = Exposed time (hour)

6.2.1 Corrosion Rate in Fresh Water

Low corrosion rates observed after many days are probable indications that protective coatings
(corrosion products) developed over the previous days tend to reduce corrosion attack rates by
preventing sufficient interaction between samples and corrosive media. On the last day of
immersion, the corrosion rate for Smm and 6mm samples decreased to 0.00015 and 0.002
respectively, whereas on the first day it was 0.32 and 0.86.

TABLE 3. Data for Smm & 6mm samples in freshwater

Corrosion Rate, Cr (mm/year) Corrosion Rate, Cr (mm/year)

Smm

6mm

0.328212814

0.123079805

0.069897173

0.0405201

0.01215603

0.003039008

0.001215603

0.000303901

0.000243121

0.000202601

0.000173658

0.00015195

0.861052135
0.344420854
0.160729732
0.103326256
0.036738224
0.017221043
0.010715315
0.007175434
0.005694425
0.004630547
0.003854233

0.002870174
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Corrosion rate curve in fresh
water(5mm,6mm)
1
0.8
0.6
‘

0.4 *
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days

Corrosion (mm/year)

—@—5mm —@—6mm

FIGURE 5. Corrosion rate curve in fresh water (Smm, 6mm)

6.2.2 Corrosion Rate in Sea Water

After ten days of exposure, the corrosion rate of the initial phase has significantly increased. When
the plates are immersed in seawater, the corrosion rate is initially sluggish and then becomes rapid
between the second and fifteenth day as the passive coatings that formed between the second and
fifteenth day disintegrate, allowing corrosion to commence. Oxygen and chloride participate in
electrochemical reactions in seawater, which accelerates the corrosion rate. After the initial phase,

the rate of corrosion decreases progressively for both types of water until approximately 110 days of
exposure; after 120 days, it approaches "0" [Table 4]. Due to the increased presence of dissolved

ions, sea water exhibits the greatest quantity of weight loss, and thus the highest corrosion rate,
when compared with pure water.

TABLE 4. Data for Smm & 6mm samples in seawater

Corrosion Rate, Cr (mm/year) Corrosion Rate, Cr (mm/year)

Smm

6mm

1.349319346
1.969276883
1.291578202
0.506501256
0.183556055
0.144656759
0.090765025
0.057437242
0.037926814
0.029984874
0.02431206
0.018234045

2.135409295
2.290398679
1.50971141
0.505150586
0.261759849
0.087827318
0.053193887
0.035877172
0.039723205
0.018751802
0.015580943
0.012198239
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FIGURE 6. Corrosion rate curve in sea water (Smm, 6mm)

6.3 Tensile Strength Test by UTM

Overall, corrosion has had a significant impact on the yield strength of the immersed samples, as
evidenced by the incremental decrease in load in both bodies of water [Figures 7, 8, and 9].
Consequently, corroded samples require less force to begin plastic deformation. This means that
corroded materials fail with minimal force and in a relatively shorter amount of time. [Tables S, 6,
and 7] All corroded samples had higher ultimate tensile strength than non-corroded samples. This

may be due to the different deformation properties of the samples and the cross-section utilized in
the stress calculation.

TABLE §. Data from UTM for samples (without immersion)

Specimen|[mm] Load at Tensile Tensile extension at Tensile stress at
strength [KN] Tensile strength [mm] Maximum Load [MPa]

93.615 38.734 461.67566

109.159 37.901 448.01569

Load Vs Extension Curve before
immersion (5mm,6mm)

Load [kN]

50

Extension[mm]

FIGURE 7. Load vs. Extension Curve before immersion (Smm, 6mm)
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TABLE 6. Load vs. Extension Curve before immersion (Smm, 6mm)

Load at Tensile Tensile extension at Tensile stress at

Specimen|[mm]
strength [kN] Tensile strength [mm] Maximum Load [MPa]

5 93.71 47.034 483.14221

6 105.377 39.56 471.00

Load Vs Extension Curve for Fresh
Water (5mm,6mm)

Load [kN]

(%
(o)

Extension[mm]

FIGURE 8. Load vs. Extension Curve in fresh water (Smm, 6amm)

TABLE 7. Data from UTM for Smm sample in sea water

Load at Tensile Tensile extension at Tensile stress at

Specimen[mm)]
strength [kN] Tensile strength [mm] Maximum Load [MPa]

5 106.571 37.903 554.45856

6 91.27 43.729 470.55963

Load Vs Extension Curve for Sea
Water (5mm,6mm)

50 100

Extension[mm]

FIGURE 9. Load vs. Extension Curve in sea water (Smm, 6mm)




6.4 Hardness Test
6.4.1 Samples before immersion

TABLE 8. Vickers & Rockwell Hardness Values for samples before immersion

Smm 6mm

HV HRA

151.1 49.6

138.8 47.2
148.9 49.2
145.7 48.6
148.0 49.1
141.6 48.0
143.7 48.3
146.5 48.8
144.5 48.4
152.0 49.8

Avg 146.08 48.7

6.4.2 Samples immersed in fresh water

When 6mm samples are submerged in fresh water, a decrease in hardness value is observed. For
example, the HV value for a 6mm sample fell to 147.36 and the HRA value fell to 48.74 [Table 9],
whereas the initial HV and HRA values were 150.75 and 49.57 [Table 8] respectively. However,
there is a minor increase in the case of Smm specimens. HV and HRA values increased from 146.08
and 48.7 [Table 8] to 147.67 and 48.91 [Table 9], indicating that wear resistance increases with
increasing hardness.

TABLE 9. Vickers & Rockwell Hardness Values for samples in fresh water

Smm 6mm




150.8 150.8
148.7 49.6
140.3 49.6

Avg 147.67 48.91

6.4.3 Samples immersed in sea water

If we compare the values of the corroded samples in sea water to their initial values, we can conclude
that the hardness values for both samples have decreased as a result of an increase in immersion time
[Table 10]. This happens when the specimen is immersed for an extended period of time and

exposed to ion chlorides for alonger period of time. As the sodium content percentage increases, the
hardness value falls. This is due to the presence of additional chloride ions in the saline water, which
accelerates the decomposition of the passive layer and decreases corrosion resistance.

TABLE 10. Vickers & Rockwell Hardness Values for samples in sea water

Smm 6mm
HRA HV HRA
48.6

47.6
49.5
48.3
47.4
48.1
47.0
HV HRA
145.7 48.6
137.7 46.8

Avg 142.07 47.9

6.5 Microscopic view observation

Observations at the microscopic level indicate that samples prior to immersion have a smooth,
line-like surface with no holes. [Figures 10(a), 11(a)] The micrographs of the sample materials
reveal new refining traces and a complete absence of grain boundaries. After 120 days of immersion
in pure water, the specimens exhibit severe surface damage, indicating that the surface has been
severely corroded. [Figures 10(c), 11(c)] The uneven, pitted, and fissured surface of the corroded
sample indicates uniform corrosion. In the case of seawater, the corrosion morphologies are
relatively homogenous, although pitting corrosion occurs on a small portion of the surface [Figures

10(b), 11(b)].




6.5.1 Smm sample

FIGURE 10. Microstructure of Smm sample (a) before corrosion. (b) after corrosion in sea water
(c) after corrosion in fresh water.

FIGURE 11. Microstructure of Smm sample (a) before corrosion. (b) after corrosion in sea water
(c) after corrosion in fresh water.

CONCLUSIONS

Within the limits of experimental error, conclusions drawn based on observations and results of
the research are stated below:

Based on the data and analysis, mild steel has a high corrosion resistance, as it is evident from
the graphs that even as the number of days of exposure increased, both weight loss and
corrosion rate progressively decreased. For instance, the corrosion rate of Smm and 6mm
samples in pure water was observed to be 0.000151 and 0.00287 per day on the 120th day,
respectively. In the first few days, both samples exhibited a degree of corrosion, with 0.328
and 0.861, respectively, for the same samples in fresh water at their apex.

Initial immersion period weight loss and corrosion rates were greatest, then progressively
dropped to stable levels. The protective films (corrosion products) made in the preceding
days reduce corrosion attack rates by restricting sample-corroding medium contact.

Due to the higher concentration of dissolved ions in sea water compared to fresh water in the
experiment, sea water had the greatest propensity to corrode. Saltwater's chloride content
has the ability to dissolve oxide deposits on metal surfaces and form complexes with metal
ions that, when hydrolyzed, release hydrogen ions, increasing the water's acidity and
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enhancing local mild steel corrosion. Ions may be deposited on metal by salt spray and salt water
in the air.

Of the two samples, the sample immersed in seawater for six millimetres experienced the
greatest weight loss and corrosion rate.

Of the two specimens, the Smm specimen immersed in seawater demonstrates the lowest
Vickers and Rockwell hardness values.

Optical microscope photos reveal uniformly distributed corrosion in both corrosive media.
Micrographs reveal that fresh water-corroded samples had fewer, shallower pits than
seawater-corroded ones. Greater pits mean greater weight loss and quicker material
degradation.
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Abstract. Vessel accident in Bangladesh inland water is a recurrent phenomenon and most of
accidents taken place in stormy weather. If strong wind sustains for a long time, wind generated
surface waves generate and it may roll a vessel beyond the limit. Bilge keel is the most prominent roll
damper for a vessel. Currently there is no provision in statutory rules of Bangladesh for fitting bilge
keel in inland vessels. This study has investigated the effect of bilge keel of different sizes on the
rolling characteristics of a sample Bangladesh inland passenger vessel. Both the ship rolling in calm
water (without wind and wave) and rolling due to combined action of wind and wave have been
investigated. Wind velocity corresponding to Bangladesh River Danger Signal - I1I is considered for
both wind and wave action. In inland waterways, waves are wind generated surface waves. Damping
amplitude has been estimated by well-known Ikeda method. International Maritime Organization
(IMO) has proposed a method to estimate roll damping coefficients from equivalent linear
damping coefficients by simplified Tkeda method. The characteristics of roll motion (due to
combined influence of wind and wave) namely standard deviation, zero crossing frequency and zero
crossing period could be estimated from the estimated roll motion spectrum which is a function of
the total moment spectrum of wind and wave.

Key words: bilge keel, roll motion, Ikeda method, damping coeflicients, Bangladesh inland vessel.

INTRODUCTION

International Maritime Organization (IMO) has developed ‘Interim Guidelines on the Second
Generation Intact Stability Criteria’ and circulated by MSC. 1/Circ. 1627 [1]. The ‘Explanatory
Notes’ to the guideline was approved and circulated by MSC. 1/Circ. 1652 [2] in very recent time.
Series of program by committee and subcommittee were held and lots of working paper were dealt
with before the development and approval. The second generation stability criteria are formulated
from the understanding of vessels vulnerability to 05 different identified stability failure modes.
Intact Stability Code (IS Code), 2008 [3] is the mandatory criteria of IMO for ensuring the
minimum stability requirement of a vessel. From the very beginning of adoption of the IS Code
2008, it was felt by researchers and other stake holders that the criteria are not sufficient to address
the wide variety of vessel types, sizes, operational profiles and environmental conditions. Finally, the
second generation criteria are finalized as complementary measures to mandatory 2008 code.
Accidents involving passenger vessels are a recurring issue within the inland waterways of
Bangladesh, resulting in the tragic loss of thousands of lives. In their study, Igbal et. al. [4] examined
25 years' worth of data on accidents involving passenger vessels in Bangladesh's inland waterways.
The analysis revealed that in 49% of the cases, the accidents were attributed to a loss of intact
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stability. Excessive rolling beyond the limit due to unfavorable environmental condition can
rationally be said as the main reason for stability loss. Analysis shows that, stormy weather that
causes adverse external/environmental loads are behind 60% of intact ship accidents. With this
understanding, this study aims to analyze the roll motion of a sample passenger vessel. Bangladesh
River Danger Signal No — III is considered as the adverse environment. The wind velocity
corresponding to this signal is 20.83 m/s [S].

If a vessel is fitted with Bilge Keel, the roll motion characteristics of the vessel will be changed with
the effect of probable damping. A bilge keel is a flat bar that is fitted longitudinally along some part
of ship at the location of bilge plate (curved plate that connects side shell plate with bottom plate)
and acts as a roll damper (Figure - 1). A bilge keel can reduce the rolling amplitude by damping the
roll motion and the amplitude of damping will depend on geometrical parameters of bilge keel. Bilge
keel is the most popular roll mitigation device for vessels. Literature shows that, a series of research
had been conducted addressing the efficiency of bilge keel as a roll mitigation device [6]. Though
inland vessels are failing by losing stability recurrently in Bangladesh and excessive rolling is the
rationally identified cause, surprisingly there is no provision or mandatory rule of fitting bilge keel in
Bangladesh inland vessels. This study has investigated the effect of bilge keel on roll motion of a
sample Bangladesh Inland Passenger vessel. IMO ‘Explanatory Notes’ [2] recommend several
methods for estimating damping data. The simplified Ikeda method [7] is the remarkable one
among them. Ikeda method has been simplified by a number of empirical formula using regression
analysis where a large number of coeflicients and coefficients values have been defined.
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Figure 1. Vessel mid-ship section fitted with Bilge Keel

MODEL OF SHIP ROLL MOTION

Ship roll motion of two models have been considered in this study, namely ship roll motion in calm
water without any wind force (Model - 1) [2] and ship roll motion under combined action of wind
and wave (Model - 2) [8]. The effect of bilge keel for both of the models have been investigated.

Model - 1
The equation of motion in calm water is as follows:

(Ixx + A44)¢j + (Ixx + A44)(50(p + 51¢2 + 62¢3) + WGM(p =0 (D

where, # is the roll angular acceleration, @ is the roll angular velocity, W the ship weight, GM the
metacentric height, I the transverse moment of inertia of ship, A, the added mass, 5,, §,and 5, are
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linear, quadratic and cubic roll damping coefficients respectively. Introducing the equivalent linear
damping coefficient Bss(¢q) as a function of rolling amplitude #«, Equation — 1 can be written as:

(Lex + Asa) @ + Baa(0a)9 + WGM, = 0 )

Equation — 2 gets the following form where

Ao = B44(§0a)/2(1xx + A44) and Wy = \/WGM/(Ixx + A44):
¢+ 2a.¢+ wip =0 (3)

The solution of Equation — 3 is given by ¢ = @,e~%‘cos(w,t — €). In this study, the I_and 4,
are estimated from the relationships, 7..= pVr? and 44, = 0.25 I, respectively where radius of
gyration () is considered as 40% of ship moulded breadth.

Model — 2

This is the model for assessing short-term rolling motion characteristics by considering a vessel is
heeled due to the influence of the average wind and rolling at that position under action of beam
waves and gusty wind. This study assumes wind generated surface waves in Bangladesh inland
waterways in River Danger Signal - III (wind velocity 20.83 m/s). Following is the linear equation

of motion: . _ X "
¢+ 266(%)(/) + w§ . (9s) @ = wg.m(t) 4)

In Equation — 4, 66(0'4,) =6 ++(2/m). 8.0 + 1.5520(12, and m(t) = M(t)/W.GM with 5e(a¢,) is
the equivalent linear roll damping coefficient (a function of °¢) and w, is the upright ship roll

natural frequency. The standard deviation of the roll velocity, ?¢ has the following relationship:
2 _ (@ w?wg Sm(w)
O'¢ - fO (w%_e(<ps)—w2)2+(2.6e (0¢,).w)2 " (W.GM)? dw (5)

Here w, is an equivalent roll natural frequency and holds the relationship ®o.e (ps) = wo.

VGM,es(95)/GM  where GMres(@s) stands for residual metacentric height at the initial heeling angle
(¢s)  due to mean wind. The roll damping coefficients (60> 61 and 62) can be estimated from
equivalent linear damping coefficient B44(¥a) (a function of rolling amplitude #¢) by the following

relationship: Bya(pa)-w§
W = 50 +

4 3
;-51-‘00(!’11 +§52w(2)<p,§ (6)

The roll motion spectrum in this model:

Sp(w) =

o Sm(w)
(w(z),e(q’s)—w2)2+(2.5€.a))2 T(W.GM)?

In Equation — 7, @ is the wave circular  Roll standard deviation (rad): o, = \/mq ;
frequency and S, (w) is the spectrum of total

moment due to the combined influence of  Roll zero crossing frequency (rad/sec):
waves and gust. The rgll motion governing Wy = T3]y
parameters can be estimated by using the

spectrum (S, (w)) (of the roll motion as follows  Roll zero crossing period (sec):

with m, = fooo Sp(w)dw and m, = T, = 21/ (/s /my).
fooo w?. Sy (w)dw: :
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TABLE 1. Principal, Hydrostatic and
Relevant Particulars of the considered
Bangladesh inland passenger vessel

2
s

Length (overall) 70.50 (m)
Length (in waterline) 68.00 (m)
Length between perpendiculars 66.70 (m)
\ Breadth (moulded) 10.60 (m)
/ Depth (moulded) 2.60 (m)
Draft (full load condition) 1.80(m)

Coefficient (block) 0.63

Coefficient (midship) 0.956

Displacement (mass) 819 (ton)

Spectrum of Totnl Moment {{N.m)*/{(rad/s)) X 10"

10 15

Wave Circular Frequency (rads)

Figure 2. Regenerated result of Abdee et.al. [9]

Total Roll Moment of a Bangladesh inland KG (keel to center of gravity) 2.60 (m)
passenger vessel (Figure - 2) due to the wind KM (transverse) 7.08 (m)
generated waves and gust that was estimated Windage Area (lateral) 525 (m?)
in another study [9] has been considered for distance from the center of
this investigation and the same vessel (Table — lateral windage area to the 4.80 (m)

1) has been taken as the sample vessel. center of the underwater
lateral area

Vessel Speed 5.14 m/s

EQUIVALENT LINEAR DAMPING COEFFICIENT BY SIMPLIFIED IKEDA
METHOD

IMO has proposed the simplified Ikeda Method in absence of sufficient information. In the
method, equivalent linear damping coefficient B,,(p,) and the circular roll frequency is
non-dimensionalized by water density p, ship volume displacement I, breadth B and gravitational

acceleration g as follows:
g — B fi 5=w £
B4-4 - pVBZ 29’ w w 29 (8)

Here, the total roll damping (B,,) consists of five damping components, namely the skin-friction
damping component (B,), the wave-making damping component (B,), the eddy-making
damping (B,), the bilge keel damping component (B,,) and the lift component (B,). The method
is simplified with a number of empirical formula by regression analysis and by introducing a lots
of coefficients. Only the governing variables of each damping component have been shown
below:

B, = f (water density, length between perpendiculars, draught, block coefficient, breadth, center of
gravity, rolling period, dynamic viscosity, roll amplitude, roll frequency);

B, = f)( roll frequency, breadth, draught, block coefficient, mid-ship section coefficient, center of
gravity);

B, = f (roll frequency, roll amplitude, breadth, draught, block coefficient, mid-ship section
coefficient);




B, =f (roll frequency, breadth, draught, block coefficient, mid-ship section coefficient, roll
amplitude, bilge keel dimensions (length, breadth));

B, = f (length between perpendiculars, breadth, draught, vessel speed, mid-ship section coefficient,
center of gravity, displacement).

Once the equivalent linear damping coefficient 544(%a) is estimated for some specific roll amplitude
Pa the roll damping coefficients (J0> 61 and 62) and can be estimated from Equation — 6 by least
square method.

RESULTS AND ANALYSIS

Bilge keel is a flat bar that is welded to bilge plate (curved plate between shell plate and bottom plate) to
damp the roll motion. Naturally, it’s dimension specially the surface area influences the amplitude of roll
damping. Effect of bilge keel with different surface area on a sample Bangladesh passenger vessel with
traditional shape, geometry and principal particulars has been studied. Figure — 3 shows influence of

bilge keel surface area (length x breadth) on values of equivalent linear damping coefficient B,4(¢,) with

different roll amplitudes. The rate of increase in coefficient value increases with the increase of rolling
amplitude. Figure — 4 shows the roll motion simulation results in calm water for different rolling
amplitude.
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Figure 3. Variation of non-dimensionalized equivalent linear damping coefficient Bss(¢a)
with the variation of bilge keel dimensions and roll amplitude

Figure — S shows the simulation results of roll motion due to combined effect of wind and wave. Itis
observed that roll damping increases drastically in presence of bilge keel. Variation in bilge keel
breadth has higher influence on roll damping than the variation of bilge keel length. Figure — 6 shows
the variation in roll motion spectrum with the variation of bilge keel dimensions. It is observed that,
resonant roll motion may occur for the wave periods close to the ship natural period without fitting
of a bilge keel. This situation is a great threat to a vessel from stability point of view and also vessel
maneuvering will be very difficult during the situation. This dangerous scenario can be avoided by
fitting bilge keels. Finally, the estimated values of roll motion (due to combined effect of wind and
wave) governing parameters and the change in values with the change of bilge keel dimension is
shown in Table - 2.
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Figure 4. Roll damping by bilge keel (b(BK/B = 0.048; 1(BK) /Ler = 0.600) ) with time for
different roll amplitude (@,) in calm water (Model - 1)
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Figure S. Roll damping (for roll amplitude 15 degree) by bilge keel with time for different bilge
keel dimensions (Model - 2)
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Table 2. Values of roll motion parameters (due to combined influence of wind and wave) for
different Bilge Keel dimensions

Roll Standard Roll Zero Crossing Roll Zero
Size of Bilge Keel Deviation (o) Frequency (o) Crossing Period
(rad) (rad/sec) (T,) (sec)

b(BK)/B = 0.000; [(BK)/L(pp) = 0.000 2.817 1.420 4.424
b(BK)/B = 0.029; I(BK)/L(pp) = 0.375 0.244 1385 4533
b(BK)/B = 0.039; I(BK)/L(pp) = 0.375 0.235 1384 4537
b(BK)/B = 0.048; ((BK)/L(pp) = 0.375 0211 1382 4.545
b(BK)/B = 0.048; I(BK)/L(pp) = 0.450 0.201 1381 4.548
b(BK)/B = 0.048; I(BK)/L(pp) = 0.525 0.194 1.381 4.549

b(BK)/B = 0.048; I(BK)/L(pp) = 0.600 0.187 1380 4550

CONCLUSIONS

Losing stability by rolling beyond the limit due to influence of adverse environmental load is
the main reason of many Bangladesh inland vessels accidents. A vessel may roll in calm water
due to inertia force or a vessel may roll due to combined effect of wind and wave. Bilge keel,
the prominent roll damper for vessels reduces the rolling amplitude remarkably. Effect of
bilge keel on a passenger vessel’s rolling motion has been studied. It is observed that the
rolling amplitude reduced drastically with bilge keel fitting. The breadth of bilge keel has
more effect than length on roll damping. Fitting of bilge keels in a vessel may avoid the
resonant scenario where large amplitude roll may occur due to wave period close to ship
natural period. Nothing is mentioned in current statutory rules of Bangladesh regarding the
fitting of bilge keel in inland vessels. This study proves the necessity of fitting bilge keel at least
in Bangladesh inland passenger vessels and the rules may be modified accordingly.
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Abstract. Bilge water is one of the main causes of marine pollution in Bangladesh, where dumping
of untreated bilge water, containing mainly oil, poses serious threat to both human lives and aquatic
ecosystems. Due to high capital expenditure of a bilge water treatment system, inland waterway
vessels of Bangladesh are seldom seen to be fitted with such system. This research is focused on the
development of an indigenous, cost-efficient and affordable solution for the inland waterway vessels
of Bangladesh so water can be separated from the bilge water part and discharged overboard, while
the volume reduced oily sludge can be stored and sold separately. A set up is proposed to determine
the optimum sizing of gravity filtration for maximizing the free oil removal so the emulsified oil can
be removed from the water stream with optimum sized slow sand filter only. Finally, oil content is
determined to find out the oil removal rate from the discharged water to determine the social and
environmental benefits of the system.

INTRODUCTION

Marine pollution is one of the most critical issues in today’s world. With rapid increase in marine
transport system, pollution is also increasing simultaneously. To maintain a ship’s stability and
safety, collected bilge water must be discharged. But accumulated bilge water shouldn’t be
discharged without treatment. Therefore, a feasible oil-water separator must be introduced to
reduce the water and environment pollution. By observing various techniques and methods “Slow
Sand Filtration (SSF)” along with the Gravity Separation is found to cost friendly and effective for
inland vessels. Its low budget and easy installation will attract the shipping industries as well as the
ship owners. Though commercial OWS (Oily Water Separator) is available for this purpose, its
complicated installation and high maintenance cost makes it very unpopular in Bangladeshi inland
shipping industry. Separator, dust filter, probe, pump, heating device etc. are needed to set up an
OWS system whether slow sand filtration system only needs some valves, SSF unit, gravity
separation unit, filter and bilge pump which are economically available and easy to maintain.

LITERATURE REVIEW

Discharges of oily water into the sea can affect the reproduction and growth of marine organisms.
Volatile Organic Compounds (VOCs), Polycyclic Aromatic Hydrocarbons (PAHs) and other
poisonous & harmful significance comprise in oil products [1-2]. Vessels are identified as the main
reason for marine pollution [3]. Specifically, it can be said that human activities are the main reasons
to pollute the marine environment. Massive industrialization with globalization has a great impact
on water pollution. In Bangladesh, threat of oil pollution from marine vessels is a matter of concern
in coastal and port state areas [4]. By study and analysis of various cases some mentionable issues
came up for Bangladesh’s perspective regarding this pollution which are poor enforcement of laws,
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uncontrolled actions of great number of inland and merchant shipping vessels and negligence of
infrastructure by the governments. Moreover, there is no legal and written policy of the protection
of the coastal areas currently. Bangladesh has 230 rivers which pass through about 710 kilometers.
Ships and aircrafts are notified about 33% of marine pollution (Alam and Faruk, 2014) [S]. The
Sundarbans which is the largest mangrove forest of the world, is a part of the delta formed by the
rivers Ganges, Brahmaputra and Meghna. Various water vessels use this route and causes water
pollution but there are less studies and cases regarding this issue. An oil tanker accident on
December 9, 2014 on this route and then there was all over spilled oil. This causes a huge impact on
environment of the mangrove forest and human being [6]. Another incident took place on October
25,2019 when about 10,000 liters of heavy fuel oil spilled into Karnaphuli River in Bangladesh. This
oil was spread over more than 16 kilometers and causes significant threat to the hundreds of fish
species, affected a breeding ground of the Ganges dolphins and damaged the food chain of the river
[7]. After these incidents, everyone is aware about the harmful effects of contamination of oil. But
discharging of bilge water and others hazardous substances throwing into water is not reducing.
Bangladesh has given consent to most of the international convention and laws of marine pollution
but the country has no national policies of its own to protect the marine environment [8].

To reduce this pollution, the MARPOL 73/78 convention imposed a standard limit set to discharge
oil/grease (<15 mg/L) into the sea [9]. With the advent of the International Convention for the
Prevention of Marine Pollution from Ships (MARPOL), Marine Environmental Protection
Committee (MEPC), the Department of Environment (DOE), more and more regulations are
coming into place [10-11]. However, it is a matter of sorrow that inland waterway vessels of
Bangladesh seldom comply with these pollution requirements. These vessels discharge huge
amount of waste materials into the rivers. Due to lack of knowledge about the bilge handling and
large capital expenditure to set up a commercial bilge water treatment unit, the ship owners are also
inclined to comply with these. Hence, this paper is focused on designing an efficient and economic
bilge water management system. There are various types of oily water separation techniques, namely
physical treatment (gravity, coagulation, filtration), chemical treatment (adsorption,
electrochemical), biological treatment (microbial metabolism, activated sludge, biofilm), combined
treatment [ 12]. But here an ancient technique called “slow sand filtration” is introduced along with
the gravity separation method. This system has the advantage of easy installation, operation and
maintenance, high effluent quality, and low cost [13].

DESIGN ASSUMPTION

According to the particulars of a typical inland cargo vessel the equipment of bilge management
system is consummated.

According to DNV-RU-SHIP part-4, chapter-6, section-4 the minimum bilge well capacity shall be
0.15 m®. Also, according to SOLAS there shall be at least 2 power pumps, one of which may be
driven by propulsion machinery. In the considered cargo vessel, a maximum of 3.7m”’ bilge water is
considered in a particular day [14]. If the Daily Bilge Pump capacity is taken as 3.7 m?/h, it will take
1 hour to transfer all these bilge water to the gravity separation unit. At this rate, emptying a bilge
well of 0.15 m® will take 146 second. According to DNV-RU-SHIP part-4, chapter-6, section-4 the
Main Bilge Pump capacity is 45.5 m’/hour.




Main bilge line sizing is calculated as per SOLAS. Inner diameter of Main Bilge Line, d is calculated
as 75.3mm and bilge water velocity is found as more than 2 m/s. The Inner diameter of Branch Bilge
Line, d, is calculated as 52.1mm.

According to DNV minimum capacity of the Bilge holding Tank is taken as 4m’. The sludge tank
capacity, V is taken as 0.225 m’ as per MARPOL Annex I. An Average of 0.67m’ bilge water
produced per day [15]. If 20% design margin considered, then the capacity of gravity separation
tank and buffer tank will be 0.8m?. The oil content in the gravity separation tank is 40L, considering
50 ppm oil content in the bilge water.

The filtration rate of slow sand filter is taken as 100 L/m?*/h and minimum height of slow sand filter
is 750mm. So, the size of the slow sand filter is 6m* Pipe wall thickn ess is calculated as per ASME
B31.3. For 3” and 3.5” pipes, SCH STD has been considered.

SCHEMATIC AND DESCRIPTION
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FIGURE 1. Schematic diagram of system.




DESCRIPTION OF SYSTEM

Bilge wells will collect the bilge water from different lines of machineries. These will be operated
through level transmitters. When one of the bilge wells fills up, a centrifugal pump will start pumping
the bilge water to the gravity separation tank. Then with the help of pump, bilge suction will be
started and move it to the gravity separation unit. The bilge water will stay for a while in this unit to
separate the mixture of oil and water by gravitational force. Then the oil will be floated and the
contaminated water will be remained under the layer of oil. More than one gravity unit will be
installed to get better performance.

Separation of fluid by gravity settling is calculated from 3 different formula under 3 different
conditions (Newton’s Law, Intermediate Law, Stoke’s Law). Terminal velocity,V =0.0008175m/s.
For oil-water mixture height of 0.6m the settling time = 733.94 s=12 min 23s. If there is no stirring
up (by discharging to the settling) within this 12 min 23s time period, oil will be precipitated and can
be transferred to the holding tank.

After that an isolation valve will be opened to let the oil into sludge tank and contaminated water will
flow to bilge holding tank by gravity. Then the contaminated water will be transferred into the slow
sand filtration unit by pump. In this unit, fine sand and gravel will be provided to carry out the
process of filtration. The treated water will be carried out into the buffer tank. This tank will be used
as a storage tank. A pump will be installed to discharge the treated water overboard. A three-way
control valve will be placed at this discharge point with oil content ppm meter. If oil content is less
than 1Sppm, then water will be discharged from the ship and if it is greater than 15ppm, the water
will go again into the slow sand filtration unit and will repeat the filtration process.

Due to impurities in oil, the slow sand filter can be clogged. Sometimes it blocks the pores which
may resist the efficient work of this filter. Necessary steps should be kept maintain and clean the SSF
unit such as —

e  Minimum sand layer (2.5 to 3 cm) should be scrapped from the surface of the bed when it is full
of clogs and clean sand should be replaced to that place.[16]

All the valves installed, should be checked in every few months by opening and closing them to
ensure that it’s not becoming stuck or leaks.

Backwashing is a good option to remove dirt and other debris. This process is mainly reverse
water flow which passes through the filter of sand. Depending on working condition
backwashing should be introduced several times such as every month or between 2 to 3 months
or yearly.

If valve leaking, valve failure, tank failure, dirty sand filter and other disturbance and issues
occur then immediately these things must be fixed to operate the SSF properly.

It is worth mentioning that use of the correct quantity of sand to operate the filter properly
otherwise the filter will not perform efficiently.[17]
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Maintenance of Pump

Pump maintenance should also be considered along with maintenance of SSF. Proper maintenance
of pump includes:

1. Routine based maintenance
2. Overhaul or repair operations [18]

Pumps play a vital role to transfer fluid and carry out debris from slow sand filtration unit and
discharge it from ship. So, it’s maintenance must be a top prior. [19]

For daily check schedule:

If noise occurs, check bearings and cavitation.

Check temperature of bearings.

Review all pump bearings and oil rings by the help of filling ports.

Gaskets and pressure casing should be monitored if any oil leakage happens.
Check pump’s indicator and needle valve are working properly.

Check cracks in pipes/hoses.

Check inlet pressure and outlet pressure.[20-21]

For monthly check schedule:

Need to put oil in bearing reservoirs if necessary.

Oiler bulbs and level windows must be cleaned if needed.

From bearing brackets, scrap must be cleaned out. Make sure that drain hole must remain free.
Power piston, fittings and leaks should be checked by overhauling if required.

If any parts need to change or replace then it must be done.[21-22]

For yearly check schedule:

e  Check coupling alignment, axial float and driver shaft by using an indicator.
e By overhauling, every valves and linkages should be cleaned and checked properly.
e  Ifcorrosion occurs to any parts then necessary measurements should be kept to solve this problem.

Governor, spring, bearing, plunger etc. should be inspected to get optimum performance from the
pump.[21-22]

SOCIAL & ENVIRONMENTAL COST

In a case study of pollution by oil, it came up that 1(one) liter of oil can pollute 1(one) million liters
of water.[23] In Bangladesh, price of each unit (1,000 liters) of water is Tk 15.18 for residential use
and Tk 42 for commercial use[24]. So, 1(one) liter of oil can loss water of net worth Tk
(1000*15.18=15180) for residential and Tk (1000*42=42000) for commercial use respectively.
From the design assumption, it is calculated that 40L oil will be recovered from total bilge in a single
voyage. So, 40L of oil can save water of net worth Tk (4000*15.18=60720) for residential use and
Tk (4000*42=168000) for commercial use respectively. A ship typically does 20 trip in a year. So,
the minimum annual value of saving water is TK (60720*20=1214400). Moreover, oily water
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pollution has one of the most dangerous effects on the water environment. It creates a thin layer so
that sunlight and oxygen can't get into the water. For this, plants and animals under water can’t live.

Oil doesn’t affect only wild life as well as it has great impact on human life too. Discharge oil pollutes
water then this polluted water hampers irrigation and can damage the plants of water treatment. It
can be said that oil spills are difficult to clean up and cleaning process is also very costly. So,
treatment of this oil contamination before discharging into water is very important.

CONCLUSIONS

Slow Sand Filtration (SSF) along with gravity separation unit will have a great impact on
Bangladesh’s shipping industries, transportation of marine vessel and marine environment.
Implementation of this cost effective concept will reduce water pollution, resulting in a significant
social and environmental cost benefit.
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Abstract. The progressive deterioration of structures caused by operational use and environmental
influences is known as ship aging. It may cause structural deformation and cracking on the ship
structure as a result of changes in the structure's properties. Damage can be assessed using various
strength tests, such as tension, impact, and hardness tests. In this paper, tensile, hardness, and
impact tests are performed on two different types of plates (new and used). The results provide the
maximum elongation, area reduction, and ultimate tensile strength, and thus aid in the material
selection for shipbuilding.

INTRODUCTION

Since ancient times, ships have played a pivotal role in the people of this country's trade affairs.
According to the accounts of the 14th century Moroccan traveler IBN Batuta, there used to large
fleets of warships docked in various ports of the country. Fraser (1983) conducted a thorough
parametric study based on finite element analysis of beam and plate elements and proposed a few
empirical equations for determining effective beam stiffness. The effective width of the slab is
expressed as a function of column size and span for flat plate floors. The column zone in the finite
element model of floors was assumed rigid in this parametric study. Other structural parameters,
such as slab thickness, floor height by width, and so on, do not appear to be taken into account.
Based on the findings of the experimental results, Lue et al (1994) studied the response of flat plate
buildings and conducted extensive experimental investigations on plate column, sub-assemble, and
proposed an effective slab width concept to be used for hysteretic static analysis to repress type
loading. They proposed using some constant factors in their hysteretic model.

Ship building traditionally uses structural steel plate to fabricate ship hulls. Modern steel plates
have much higher tensile strengths than their predecessors, making them much better suited to the
efficient construction of ships. For different location of a ship hull, the thickness can be different.
For example, side shell plating is the shell plating on the sides of the ship that forms the watertight
skin along the ship side which are usually 6mm to 8mm thick. Whereas, keel is the steel plate with
slightly more thickness than other adjoining plates on its sides. The area needs more strengthening
because the ship sits on this area on the blocks, during construction as well as during dry docks.

This paper deals with tension, impact and hardness test on collected shipbuilding plates. The

comparison of the results unveils the strength of the material on different aspects which may help in
selection of material for ship construction.
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THEORETICAL BACKGROUND

Despite the usage of a great variety of materials like composites and aluminum alloys, various types
of steels are still utilized for shipbuilding industry [1]. Tensile test

Tensile and yield strength are determined by pulling a standardized machined sample in a special
hydraulic press and recording the pulling force at increasing elongations until the sample breaks.
The elongation at this point, and the way the fracture looks, are good indications of the steel’s
ductility [2]. Properties that are directly measured via a tensile test are

1. Ultimate tensile strength breaking strength.
2. Maximum elongation and reduction in area.

Uniaxial tensile testing is the most commonly used for obtaining the mechanical characteristics of
isotropic materials. The test process involves placing the test specimen in the testing machine and
slowly extending it until it fractures. During this process, the elongation of the gauge section is
recorded against the applied force. The data is manipulated so that it is not specific to the geometry
of the test sample. The elongation measurement is used to calculate the engineering strain, E, using
the following equation:

Where,

AL is the change in gauge length, LO is the initial gauge length, and L is the final length. The force
measurement is used to calculate the engineering stress, o, using the following equation:

o= F/A (3)

Where,
F is the tensile force and A is the nominal cross-section of the specimen. The machine does these
calculations as the force increases, so that the data points can be graphed into a stress—strain curve.

Impact Test

Impact test signifies toughness of material that is the ability of material to absorb energy during plastic
deformation. Toughness takes into account both the strength and ductility of the material. [3]

To perform this test the sample is placed into a holding fixture with the geometry and orientation
determined by the type of test that is used and then a known weight generally but not always in the
shape of a pendulum is released from a known height so that it collides with the specimen with a
sudden force. This collision between the weight and specimen generally results in the destruction of
the specimen but the transfer of energy between the two is used to determine the fracture mechanics
of the material. This energy may be used to determine the Toughness [4].

These values are important for the selection of materials that will be used in applications that require
the material to undergo very rapid loading processes such as in vehicular.

Impact test can be done in either Charpy or Izod method. In Charpy impact test, the column of the
machine is positioned at a 140-degree angle with the striker and the pendulum hammer, whereas, the
pendulum hammer is set with the column of the machine at a 90-degree angle with the striker [S].
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Fig. 1. Impact testing machine

For both the methods, the following equation is used.

Energy absorved

4)

Notch of impact = -
f imp Cross — section area

Hardness Test

Hardness tests are extensively used to characterize a certain material and to identify if it is
appropriate for its intended purpose which involve the utilization of a particularly shaped indenter
that is harder than the material under testing. The indenter is pressed onto the test surface with the
use of a certain amount of force. The size of the depth of the indent is measured in order to
determine the hardness value [6].

The Brinell hardness test method as used to determine Brinell hardness, is defined in ASTM E10.
Brinell testing often use a very high-test load (3000 kgf) and a 10mm diameter indenter so that the
resulting indentation averages out most surface and sub-surface inconsistencies [ 7].

The diameter of the impression is the average of two readings at right angles and the use of a Brinell
hardness number table can simplify the determination of the Brinell hardness.

2F
BHN = (5)

nD(D —VD? — d?)

Where, BHN=Brinell hardness number.
F=Force applied.
D=Diameter of indenter.
d=Diameter of indentation.

Microscope:

Indenter

Anvil — Hanger with loads

Fig. 2. Hardness testing machine
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EXPERIMENTAL PROCEDURE

Sample Collection and Preparation

Three types of plates were collected of three different thickness 6mm, 8mm and 10 mm from
different shipyard (Fig). Two of them are used plates (China classification society approved plates
and vhatiry plates) and unused one was collected from local shipyard of Bangladesh. For tensile test,
the samples were prepared following ASTM-A370 Code (Fig). It is usually a standardized sample
cross-section.

OVERALL LENGTH

DISTANCE BETWEEN SHOULDERS

GAGE
LENGTH
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~/
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GRIP SECTION

"REDUCED" SECTION

Fig. 3. Standardized sample cross section
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Fig. 4. (a) Sample collection, (b), (c), (d) sample preparation

Experimental Setup

By applying tension along the sample’s axial axis, the length increased and the cross-sectional area
decreased.

The Engineering stress, o from the ratio of force (F) applied to the corresponding cross-sectional
area (A). hence the strain is also calculated using the (1) and (2).

nryv ar

A

Fig. 5. Tensile test

For impact test, the sample pieces were prepared individually for both types of method. The sample
pieces of Charpy were about 10mm in breadth and 55 mm in length. For testing the impact of the
sample a v-notch was grooved at the middle position of the sample with a 45 degree angling and
2mm of depth.

On the other hand, the sample pieces of izod were about 10mm in breadth and 75mm in length. A
v-notch was grooved at the 28mm distance from one end of the sample with a 45 degree angling and
2mm of depth. During test, the sample pieces were set as the notch was in the middle f the support.
The hammer was set with the striker with 1400 and 900 for Charpy and Izod test
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respectively [S]. So that samples could absorb the impact of the hammer on that particular portion.
Equation (3) is used to calculate the notch of impact. For Brinell hardness test the samples were
placed on the table and applied a force of 187.5 kg with an indenter of 2.4 mm for 30 seconds. Using
(4) BHN is calculated. The overall results are summarized in next section along with the graphs.

RESULT AND DISCUSSION

TABLE 1 RESULT FROM TENSILE, IMPACT AND HARDNESS TEST

0Old plate (CCS) Old plate (Vhatiary) | New plate

Yield Ultim.ate Yield Ultim'ate Yield Ultim'ate

Thickness | Strength Tensile Strength Tensile Strength Tensile
(MPa) Strength (MPa) Strength (MPa) Strength

(MPa) (MPa) (MPa)

6 mm 345 450 347 472 348 460

8 mm 275 435 308 441 350 500

10 mm 332 479 310.7 459 320 482

. Izod Char, Izod Charj Izod Char,

Thickness | i) | gy | Gmd | g | gy | g

6 mm 1604167 | 2145833 | 1208333 | 1395833 | 791667 1000000

8 mm 1859375 | 2703125 | 546875 312500 781250 625000

10 mm 1562500 | 2262500 | 1612500 | 2175000 | 675000 625000

Thickness | BHN (kgf) BHN (kgf) BHN (kgf)

HARDNE | 6 mm 162.77 187.23 187.23

SS TEST 8 mm 167.33 167.3 170

10 mm 140 155.61 229

TENSILE
TEST

IMPACT
TEST

The stress strain curve obtained from the tensile test is also attached here.
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In terms of tensile strength, unused/new plate with an 8mm thickness outpaces others. It exhibits
the maximum tensile and ultimate strength comparing to the other variations. In terms of hardness,
the unused plate of 10mm thickness showing the highest Brinell Hardness Number reveals that it
can resist loading better than the plates of other variations.

Amongst used plates, old plates (CCS) with 8mm thickness, appear to withstand more impact force
than other in both Izod and Charpy test but the other one surpassed in the tensile and impact test.

Therefore, the plates of 8mm thickness, possess better impact and tensile strength than 6mm and 10
mm thick plate. Overall, the experimental findings indicate that the use of locally sourced unused
plates in the construction of various ship components could be a viable option because they are
stronger than the other two varieties.

CONCLUSION

Difterent types of plates with different thicknesses exhibit varying levels of strength, impact
resistance, and hardness, as demonstrated by the results presented. Consequently, by comparing the
results, a suitable plate for the construction of a new ship can be selected based on its above
mentioned properties.

In this study, the plates of three different thickness were collected from three different sources. The
plates were undergone strength testing and the results showed that local unused plates yield more
tensile strength and hardness. Although used vhatiary plates may absorb more impact force than
others, it is preferable to use class approved plates when tensile strength and hardness are important
factors to consider.
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Abstract. The ship hull usually constitutes of steel which operates in an environment of air and water
which stimulates corrosion of the ship plating. There are ship plating of different thickness among
them plates of Smm, 6mm are mostly used in case of construction and are vulnerable to corrosion.
Previously corrosion loss and its rate, structural and mechanical properties have been estimated in a
static condition and significant outcomes observed. Here, along with the statistical estimations in
static condition the corrosion properties in a dynamic condition caused by the plate velocity
influenced fluid flow has been calculated. A standard weight loss method has been adopted and using
a DC motor the plate rotated at a constant speed and weight loss corrosion rate reading were taken
for 120 days ata 15 days interval in 2 water samples. Besides mechanical properties and micrographic
views were observed before and after corrosion. It has been found the weight loss increased in terms
of exposure period and corrosion rate decayed exponentially though in case of salt water solution
corrosion rate increased for 3 weeks caused by the presence of ions. There is significant reduction in
the tensile strength of the material and hardness has decreased in case of salt water solution. Hence it
can be stated that sea water is the most corrosive environment on the influence of motion

Keywords: Deterioration, Corrosion rate, Weight loss.

INTRODUCTION

At present the need for ships & marine vehicles has flourished rapidly. For this purpose, the
body/ship hull mostly constructed using mild steel & its alloy. Since low carbon steel contains
carbon content not much than 0.3 % by measurement as a result are worthy for machining purposes
& other mechanical/physical properties such as high tensile strength, welding-control, ease in heat
treatment which makes it a commonly used shipbuilding material. There are various material
available used for shipbuilding which includes Glass Reinforced Plastic/Fiber Reinforced Plastic,
ferrous & non-ferrous metals, plastics & wood. Although the significant material for the purpose of
shipbuilding is plain carbon steel/carbon steel almost 90% nearly. Steel for shipbuilding must first
be certified by one or more classification societies, such as the Lloyd’s Register of Shipping (LR,
UK), Bureau Veritas (BV, France), Det Norske Veritas Germanischer Lloyd (DNV GL,
Germany)[1] . Now a days it is scarcely seen hull made without steel. Although scenario was quite
opposite 100 years ago. The event could not be avoided was iron joints were found in historic
wooden build ships & this continued for many centuries. In addition these were restricted by Mid
Age steel producers could not assure enough volumes of hot metal & mild steel smelting. First ever
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steel ship hull was constructed at the end of 1800 century. It was a barge type vessel. Steels provided
strength as well as less weight in comparison to wrought iron during World War 2. Hence steel took
place ofiron in ship construction owing to its cost efficiency & lighter weight. Which initiates an new
era of ship construction. operation & maintenance of the ship structure.

RESEARCH SCHEME & EXPERIMENTAL ARRANGEMENT

According to the objectives to achieve the final outcome which depend on the acquisition of marine
grade steel plates .Acquisition of Experimental sample waters. Employing a cutting machine
automobile shop to chop the plates to the required dimension. Procuring fundamental stores and
instruments to conduct the experiment. As experimental arrangement, a truss having inclined steel
rods, single phase DC motor, water reservoir for both sample to be immersed in water were used.

WEIGHT LOSS ESTIMATION

To determine the weight loss, specimens were quantified by an acute accuracy scale measuring
instrument prior to thons soaking in the experimental waters. The initial experimental measurement
was observed within specimens were exposed to water about 2 days (48 hours). Weight loss was
determined within span of 15 days and hence the data were correlated in order to evaluate the
deviation in the result in different erosive medium as in static condition. Following formulae was
utilized to estimate the weight loss.

Wi = Initial weight (g) W1 = Weight after the allocated time interval (g)
(Wi-W1)

AW = — (g per mm2 )

Where, a= Surface area of per specimen

CORROSION RATE ESTIMATION

Allied with spontaneous weight loss as well as corrosion rate fluctuates. Rate of decay along with loss
of weight was estimated and the outcomes were compared with respect to the experiment
conducted in static condition. We have determined rate of corrosion/decay for each observed value
by virtue of the formulae mentioned below:

kxAW

Rdecay: dxaxt

AW = Weight loss per revealed surface area, (g/cm2 ) ,R = Corrosion rate, ( mm/year)

decay
Wi =Initial weight, (g) , W,= Weight observed after required time interval, (g)
a = Revealed Surface area, (cm2 ) ,d = Density of mild steel, (g/cm3 ) = 7.85 g/cm3
t = Reveal period ( hour) , k = Unit conversion factor= 87600

TENSILE STRENGTH ANALYSIS

The strength of the metal was acutely affected by the immersion on the presence of fluid motion. The
most vulnerable specimen susceptible to corrosion was Smm plate in sea water. It can be observed
from load-extension curve the gradual decrement of load was much significant in dynamic
corrosion. It indicates that the decayed element losses it’s capability to withstand the minimum
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load. Both unblemished and submerged specimens were assessed utilizing Universal Testing
Machine. The data acquired by the means of UTM were contrasted to distinguish the divergence of
tensile strength of each specimen both in static and dynamic condition

Comparative plot of Ulimate strength Comparative plot of Yield strength
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344.52
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FIGURE 1. Comparative Illustration of FIGURE 2. Comparative Illustration of
Ultimate Strength Yield Strength

HARDNESS TEST

Hardness test was performed prior to samples were submersed in sample waters, the initial & final
reading was observed . The submersed specimens were washed prior to test in order to eliminate the
corrosion product from the exterior hence so indentation was visible. Both Vickers and Rockwell
hardness test were performed and was compared with the outcomes in static condition.

MICROGRAPH INSPECTION

In fresh water at the end of a week the specimen submersed in sample water was encompassed by a
slender coating of ferric oxide. Reddish colors the sample water which signifies that corrosion
actions took place. After washing the specimen the rust went away and progressively turned into
blackish color with a significant weight loss at that time. Brownish residue is termed as Ferric
Hydroxide. In sea water, Glowing crimson wear showing areas of ash and blackish layer on the metal
periphery. (Emmanuel Chuka et al,, 2014).Within the 2nd to 4th week, 60-85% of the metallic
periphery evolved into pitted surface in conjunction with stiff brown abrasive elements. When the
surface is cleaned increased amounts of black pits appeared on the metallic surface. Just before the
completion of the experiment spherical degrades were molded on the periphery and when cleaned
off revealed spherical hollows underneath. The pitted surface was grey in color and the rest of the
surface was black .Approximately at the Sth week the sample solution turned into deep yellow
brown. A Scanning Electron Microscope was utilized to perform high capable micrographic analysis
at different magnification as required for the steel plate after immersion test. This analysis has been
performed to observe if therein a scrap of changes in the surface fundamentals of the eroded surfaces
provoked by the sample waters. Moreover, the decayed specimens occupied with irregular edges
along with different pit holes after the complete immersion test of 120 days.




FIGURE 3. SEM image of corroded surface FIGURE 4. SEM image of corroded surface
of specimens in Fresh water of specimens in Sea water

FIGURE S. Sample Preparation FIGURE 6. Complete Arrangement

TABLE 1. Initial Hardness TABLE 2. Hardness after Fresh TABLE 3. Hardness after sea
Readings water immersion water

Before immersion Comparative final Reading after Fresh water Comparative final Reading after Fresh water immersion

: immersion
Plate thickness _ S plate S plate Smm plate 6mm plate
brum o Dymamic | S | Dysamc | Stahc

Dynamic Static Dynamic Static : » r 3
1314 119.1 Comosion | Corrosion | Corrosion | Corrosion Comosion | Corrosion | Comosion | Corrosion

123.7 118.7 1253 1492 1218 1492 1212 1453 1202 1522

13 1201 1265 | 1497 | 130 1497 a2 13 L 5.3
T 1204 TCRE BT L 156 1192 150 1232 1461
= iy i T 113 013 158 197 | 143 191 1521

5 1248 1417 1232 1417 i i 178 1491
1238 . 1193 023 1463 1838 1363 1174 1426 1195 1529

126.4 120.7 1259 151.6 1264 151.6 119.2 138.1 1218 150
1209 117.8 1174 150.8 125.7 150.8 1178 1457 1216 1526
1199 1176 1183 148.7 127.1 148.7 1179 137.7 1226 1534
123 T 1201 1403 1274 1403 11§ £ L] LE)
12426 - 119.19 Avg: Avg: Avg: Avg: Ag A Ag AL
- ' 122.98 147.67 125.022 147.67 11931 1421 12141 1505

RESULTS AND DISCUSSION

Sharp increment in weight loss in the wake of 20™ day prior to immersion which raised exponentially
at 80" day in comparison to static condition caused by the metabolic stage of decay in results into the
formation of regional pit holes effected by bio-mechanics of molecular organisms also defined as
“Biological Corrosion.”(R E Melchers, 2005; Robert E. Melchers, 2005).By noticing the weight loss
curve in comparison to static condition, considerable weight decrement takes place from 90 days to
120 days. Although the deuteration rate was diminishing from the very beginning. (Vukelic et al.,
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2021). After exposure of 2 weeks of the weight loss in dynamic corrosion was 0.4 g and in static
condition it was 0.2 g averagely, so corrosion effect in the fluence of flow velocity weight loss has
been linearly doubled. In short term exposure from 14 to 20 days, weight loss curve varies linearly
with respect to exposure time, marking the initiating stage of corrosion(Melchers,2003). The initial
stage of decay was linear with respect to exposed days it is governed by 3 parameters such as thermal
reading of the sample water, degree of dissolved oxygen and pH.(Javed et al, 2014) . Declining
nature of weight lost per day from 20 to 40 days followed by a linear rise as a consequence of
formidable molarity of Carbonate salt and hence obstructed disintegration. (AYOOLA et al,
2022)In comparison to static condition the weight loss was significant and has increased quite in
exponential from after 45 days to total exposure time. Gradually developing weight loss is
characterized by biologically influenced corrosion. Exposure about a year could result in a better rate
of corrosion, the impact of ionic bonds of salts it destructs any outer films formed as well as hinders
it building on the plate periphery. In comparison with corrosion curve of static vs dynamic, decay
rate of mild steel rises up to 0.8 mm/year on the starting week. (Royani et al.,, 2019)Gradual
exponential falling down of corrosion rate from the first week to 0.4 mm/year and hence steadied
subsequently at then end of experiment. Higher corrosion rate at the initial stage from 2 to 3 weeks
which dropped frequently and approached at a static rate of corrosion in both static and dynamic
condition. Inferior proportion of ionic charges in the sample water is the influencing factor due to
the availability of air and the media may constitute a decay sealing. The rate of deuteration is almost
the same at the final week of exposure both in relative to the stated condition. This is caused by
protective oxide film.

In Sea water Immersion, Intense ascend in the rate of decay all through initial 10 days nearly and
reached the peak. And accompanied by a progressive fall down of corrosion rate all through the rest
of the experimental immersion in sea water. The corrosion curve in seawater is characterized by
heterogeneous and discrepancy in corrosion composites. (Ejenike Ogagorojo Ovri, Igwemezie and
OOvri, 2013)Chlorine Ions displace the metallic ions aggregated on the anode through the
formation of compound solution that stimulates electro synthetic actions and deuteration rates
appreciably on low carbon steel. The decrement in rate of decay was influenced by the constitution
of iron oxides within the decaying medium because the corrosion product would be ferric ions and
carbonate salts. (Stephen et al., 2019)In seawater both for static and dynamic condition the rate of
corrosion is affected by the concentration of chlorine ions and presence of oxygen. The considerable
rise in corrosion rate is higher in strong chloride solution rather than usual salt water. Hence there is
an acute acid contamination which trend is to rise the corrosion rate before the formation of resistive
oxide layer.(Revie and Uhlig, no date b; Ismail and Adan,2014) . The strength of the metal was
acutely affected by the immersion on the presence of fluid motion. The most vulnerable specimen
susceptible to corrosion was Smm plate in sea water. It can be observed from load-extension curve
the gradual decrement of load was much significant in dynamic corrosion. It indicates that the
decayed element losses it’s capability to withstand the minimum load. After fresh water immersion
in velocity influenced media hardness of the material depends on Critical Scale Thickness. The
decrement in hardness in case of Smm plate is prominent it has reduced to 122.98, though in static
condition there is not much variation in the hardness of the of the material. after Sea water
Immersion in Comparison with the decayed specimen in sea water with their initial reading we can
see that hardness for both the condition of corrosion has decreased with respect to the time of
immersion. It is caused by a prolonged period of immersion and presence of salt ions. Magnitude of
the reading reduces as a
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percent of salt constituents increases. This is caused by the impact of greater degree of chlorine ion
in te sample water, which stimulates the attack on oxide film and hence decrease corrosion safeguard.
After exposure to 6mm plate, in sea water Regional pits indicating high molar concentration of
chloride ions and an acidic media . Cavities on the surface were constituted on account of the
cathodic actions to constitute iron chloride (FeCl,) such settled the synthesis to propagate Iron Oxy
Hydroxide ( HFeO,). (Parapurath et al,, 2022) Various sized holes at the eroded periphery. Presence
of smooth cavities reduce the risk of ruptures which could lead to the catastrophe of the structure. In
Fresh water, morphologies of the rust composites derived from the immersion experiment at the end
of 120 days were observed with different magnification. The sample exhibited a condensed wear
product covering within uniform layer on top of the metallic periphery all through the experiment.

The rust products constituted a slender and continuous exterior, layers the region of carbon steel
distributed precisely. Negligible alterations in periphery elements evolved over periods. After
exposure to Smm plate, in sea water, Extreme surface disfigurement referring to the intensely rusted
surface. The degraded specimen’s irregular periphery herewith holes and fractures symbolize that
consistent decay of the metallic surface. Few areas illustrate a regional attack, which is defined as a
chloride strike. In the inhabitance of formidable chlorine ions, the exposed laminas of remote oxide
coatings are dissociated because of influencing Ferric Ion ,Fe’* composition whereas the double
staged synthesis eventuated surrounded by transitional prolonged stabled of Iron Oxychloride (
FeOCl) . (Popov, 2015).It indicates the salty region FeOCl was freely adhered to the metal exterior,
hence wouldn’t shield it from anymore corrosive strikes. Oxychloride works like an influential
catalyst part ( anode), such layer breaks down and dissociates the steel plating. In Fresh water, in
Chloride-free medium rust composites assumed to be granular alike constitution, combination of
iron and oxygen with very less amount of salty solution and Sulphur. (Tang et al,
2014).Accompanied by negligible section of the periphery where pitting corrosion took place. It is
evidently observable on the decayed surface of Smm plate. Additionally, occupied by blackish
cavities, which indicates the specimen’s exteriors have suffered pitting deuteration. Within Fresh
water specimens ruptures are barely noticed in comparison with seawater surface morphologies.
Finally, it is to be mentioned that compared to the sample submersed in fresh water, the surface of the
sample submersed in sea water has an increased degree of pits or cavities. Defined by significant
figure of cavities indicates greater mass loss and a quicker decay rate of the metallic surface.

WEIGHT LOSS CURVE IN FRESH WEIGHT LOSS CURVE IN SEA
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FIGURE 7. Weight Loss curve in Fresh water FIGURE 8. Weight Loss curve in Sea water
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CONCLUSIONS

On the basis of the results and analysis in comparison in static condition weight loss and corrosion was

CORROSION RATE(CN/DAYS)
CORSSION RATE(CN/DAYS)

0 50 pays 100 150

significant on the influence of flow velocity. In relation with static corrosion, weight loss curve was
increasing exponentially with respect to exposure time. Weight loss curve for corrosion in dynamic
condition was linearly doubled to that of static condition. Amidst the two specimens, the utmost weight loss
and corrosion rate is identified as 6mm plate immersed in sea water at dynamic condition. It is stimulated by
the presence of chloride ions, exposure period and flow velocity. Linear increment in rate of decay at sea
water was due to the heterogeneous and discrepancy in corrosion composites. The tensile strength of the
specimen is governed by its’Plate thickness, and the fluid motion which tends to decrease the range of
elasticity of the material and stimulates plastic deformation. Increment in hardness of the metal is influenced
by critical scale thickness. SEM micrographs indicates that in fresh water corrosion is most likely uniform
over the surface and due to the impact of chloride attack pitting and regional corrosion occurs.
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3-D Ship Design Competition

Dr. S M Ikhtiar Mahmud

In order to promote naval architecture and the shipbuilding industry in Bangladesh, the Department
of Naval Architecture and Marine Engineering (NAME) at the Military Institute of Science and
Technology (MIST) held a 3-D Ship Design competition for students worldwide on World Maritime
Day 2022. Students were introduced to engineering, design, drawing, and project planning through
the competition, which also stimulated their creativity. Students who took part could choose to
design a ship individually or in small groups. The panel of judges for thorough documentation,
decisions, proper drawing and calculation accuracy evaluated the designs. This competition mainly
emphasized and promoted the significance of design in marine sector by bringing together young
dynamic designers interested in this sector and contributing to education via creative learning.

Ship design used to be an evolutionary process in which a new design was based on an existing,
similar ship design that was modified to meet specific needs. The advent of modern analysis tools,
software and powerful computers gave students the opportunity for innovation. Because ships are
complicated, designing them requires a methodical approach. The lack of a prototype or basis ship
gave the students the freedom to be innovative and inventive. This innovative thinking leads to the
capability of a ship to float, move and trade. A solid understanding of the relationships between
equipment and systems is vital for effective functionality.

The title of this competition was 3-D Ship Design Competition. The Ship Design Competition was
arranged to develop ship design skills in students from various universities and institutions over the
world. The design criteria were set as follows:

Length of the ship shall be between 24m to 200m.
Any hull shape shall be acceptable as long as it does not violate the design parameters.

Ships shall be able to adequately and reliably accommodate and secure the steering assembly
and propulsion equipment.

Ships shall be able to carry the arranged payload and remain within these design parameters.
Ships shall be unique and must not be copies of past submittals.
Calculations shall be made as per maritime rules, regulations and guidelines.

Final design package shall be submitted before end-of-day on date specified.

Assessments of the ship’s characteristics such as stability, structural integrity, powering,
maneuverability and motions were the main targets of the competition. The design must also be
cost-effective, environment friendly and require minimum manning. The safety of the ship, the
people on board and the environment in which it sails are all-important. Ship design is iterative in
nature so students should know how to follow the design spiral and understand the effect of this
spiral during project planning. Inferences to be drawn from the illustrations are those among the
interlocking constraints, which must be satisfied.

The overall design, feasibility and efficiency served as the three main factors for evaluation of
designs. According to the judges, the competition was extremely challenging and all the designs
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were of the highest quality submitted for a student competition. The awardees were invited to
present their designs on 21 August 2022 at MIST.

Winners were selected by a panel of judges evaluating the following criteria:

Principal characteristics

Concept selection/initial definition and sizing/Parameters ratio
Hull form development

General arrangements

Forward and Aft part of the vessel (Tank, BHD)

Capacity (Cargo, passenger etc.)

Outfitting items

Completeness

« Text and graphics (figures)

« Overall Quality and Originality

All the participants displayed good design skills and professionalism. Amongst them 10 (ten) were
selected as finalists and received remuneration and prizes for their excellent submissions. The
winners were from Military Institute of Science and Technology (MIST), Bangabandhu Sheikh
Mujibur Rahman Maritime University (BSMRMU) and Sonargaon University (SU). Ships design
is an amalgamation of art, technology, innovation and environment. A process brings together a
wide range of disciplines and analysis procedures. The objectives of this 3-D Ship Design
Competition for the students were to create awareness about the significance of ship design on the
eve of World Maritime Day 2022, to incorporate all the latest technologies concerning navigation,
propulsion, and cargo handling equipment and to optimize ship speed with maximum bearable
cargo weight. The competition was successfully completed with tremendous support from all the
stakeholders and fulfilled the requirements set up by the Department.

The following participants have been declared as winners by the panel of judges:

Position Name of the Participant  University/ Type of Prizes
Institute Ship

1st Md. Emam Hossain Emon MIST Inland Ro- Crest,
Shah Md Newaz Sharif Ahad Pax Ferry Certificate

Nahid Hossain Rony MIST Container Crest,
Saiful Islam Ship Certificate

S.M Fahad Hossen Munna MIST Ro-Pax Crest,
Zamiul Alam Ferry Certificate

Md. Mijanur Rahman SU Passenger Crest,
Kaniz Farzana Zinia Vessel Certificate

Md. Rabbi Raihan Imon BSMRMU  Fishing Boat Crest,
B M Faysal Certificate
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Principal Particulars: Designed by:

LOA=42m Md. Emam Hossain Emon
LBP = 36.50m Shah Md Newaz Sharif Ahad
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Speed = 12knot
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Principal Particulars: Designed by:
LOA =77.83m Md. Nahid Hossain

Breadth = 14.65m Md. Saiful Islam
Draft = 3.60m Organization: MIST
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PASSENGER DECK

Principal Particulars: Designed by:

LOA =53m S.M Fahad Hossen Munna
LBP = S50m Zamiul Alam

Breadth = 12m Organization: MIST

Draft =1.27m
Displacement = 517ton




Passenger Vessel
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Principal Particulars: Designed by:
LOA =30m Md. Mijanur Rahman
LBP =27.60m Kaniz Farzana Zinia

Breadth = 5.48m Organization: Sonargaon University, SU
Draft = 1.70m

Total Passenger = 130Persons




Fishing Boat

Elevation

Principal Particulars:

LOA =48.45m
LBP =40.08m
Breadth = 18.288m
Draft = 4.45m

Designed by:
Md. Rabbi Raihan Imon

B M Faysal
Organization: Bangabandhu Sheikh Mujibur
Rahman Maritime University, BSMRMU
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KABIR

SHIP RECYCLING
FACILITIES

Kabir Steel Limited, a concern of Kabir Ship Recycling Facilities, has been a leader in ship recycling since
1985. We've recycled over 3,800,000 LDT from 163 types of ships, boasting an annual capacity of 150,000+
tons. Qur commitment to excellence is evident in our compliance with HKC 2009 standards, recognized by
BV, IRS and ClassNK, as we strive to be the world's most trusted green ship recycler.
Our synchronized system, skilled workforce and top-notch equipment, including barge-mounted cranes,
excavators and a Negative Pressure Unit for ACM handling, ensure efficient operations. We prioritize worker
well-being with an in-house medical center, accommodations, meals and recreational facilities.
Environmental responsibility is paramount. Our cutting-edge containment system and rigorous monitoring
guarantee minimal impact. We adhere to a zero-discharge policy by treating oily water through Oil Water
Separators. Additionally, our circular economy approach connects ship recycling with our steel mill, oxygen
plant, shipbuilding yard and a fleet of bulk carriers in Bangladesh.
Our UNIQUE advantage/s over others in this area;
o Exclusive direct access road from the main highway guarantees unimpeded evacuation routes during
emergencies, free from interference by local neighborhoods or activities.
Our yard features a distinctive hydraulic shearing machine, a rarity in the recycling industry. This
advanced equipment enables us to downsize ultimate melting steel for steel mills with precision,
eliminating the need for manual gas cutting before leaving our premises.
We take pride in having the largest fleet of sea-going ships in Bangladesh where we are reusing store
items under IMO HazMat Part [lI.
Our NPU unit incorporates cutting-edge technology for efficient operations of ACM handling.
Our management team comprises highly qualified permanent employees with marine backgrounds,
including sailing engineers and class surveyors, ensuring technical expertise and operational efficiency.

Collaboration with the IMO SENSREC Project and partnerships with universities drive continuous
improvement in the ship recycling industry, solidifying our commitment to sustainability.

(@ KabirsteelLimited () Shitalpur, Sitakunda, Chattogram, Bangladesh (3) info@kabirshiprecyling.com (@) +8201713-187263 hitpst/kabirshiprecycling com
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East Patenga, Chattogram
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= \With Modern Shipping &
Logistics

M Shipping Strategy Development

M Feasibility Study

M Regulatory Compliance and
Risk Management

M Supply Chain Optimization

[M Cost Analysis and Reduction

“In the world of shipping, going by sea is
your ticket to affordability, reliability, and
limitless global opportunities. Don't get
stuck in traffic; set sail for success”

M Emergency Response Planning

o Contact Us Office
+880 1911946372 17/2 (16th floor), City Heart, 67 Naya Paltan,

Dhaka-1000, Bangladesh

More Information www.marinehousebd.com Info@marinehousebd.com
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Ship Design, Ship Building, Ship Classification or Ship Documentation

We make friendship for better management of your ship.

. 2100 DWT OPEN DECK MULTI-PURPOSE SELF PROPELLED BARGE

- LT
o § iR | .
T ri. P
% g

We are working on these milestone projects:

2500 DWT Cargo Vessel Newbuilding Advisory service under class IRS.
1300DWT Qil Tanker Newbuilding Advisory service at Radiant Shipyard under BV.
3000DWT Container Vessel Newbuilding Advisory service under class RINA.

2100 DWT Self Propelled Barge Conceptual Design for a renowned group.
Technical skill development workshop (Welding, WPS, NDT etc.)

Send us your inquiry @
Engr. Ataur Rahman
M.Sc Naval Architect (BUET), MBA, FIEB, MRINA(UK)

SEASHORE Maritime Services.

Suit#8F, Khan Mansion, 28/A-5 Toyenbee Circular Road,

Motijheel, Dhaka 1000, Bangladesh

Email: ataur.seashore@outlook.com

Mobile: +880 1755 531369 Knowledge management for sustainable future
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FROM BANGLADESH
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Awardee of National Expori Trophy Gold 2000-2010
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ANANDA SHIPYARD & SLIPWAYS LTD. 8a " (O

Head Office: 10/1, (9th Floor), City Heart, 67, Naya Paltan, Dhaka- 1000, Bangladesh

Corporate Office: House-20, Road-9/B, Nikunja-1, Dhaka-1229.
PABX : +880241040093-4, E-mail: ananda@anandagroup.biz, Web : www.anandagroup.biz
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POWERED BY SCANIA ENGINE (SWEDEN)

NEW 13.LITRE  vBmaRINEE G

e ERCTUTTITIR  scANIA INDUSTRIAL

MARINE ENGINE

BIWTC FERRY 2x DI13070M 500HP BIWTC OIL TANKER 2x DI13070M 450HP

Authorized Dealer in Bangladesh

Euro Power BD Ltd.

Head office: House 366/9 Road No: 6 Baridhara DOHS

Dhaka-1206, Bangladesh

Registered office: Plot # 1/2 Dr. M. A. Rashid Road

Aouchpara (South), Tongi Gazipur-1711, Bangladesh

Please Contact: Hasan Mahmud, Mobile; +8801711596437, E-mail; hasan@europowerbd.com

Please Contact: Bipul Kanti Das, Mobile: +8801711521010, E-mail: bipul@europowerbd.com
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l Corporate Office: 186, Shahid Syed Nazrul Islam Sarani, Bijoy Nagar,

.‘ ’——a R A D I A NT Dhaka-1000, Bangladesh

Shipyard: Daudpur, Rupganj, Narayanganj, Bangladesh

50+ 13 100+
CLIENTS YEARS OF SUCCESSFUL
EXPERIENCE PROJECTS

Our Services

|;} Design & Engineering

We are partners with RADIANT MARINE
DESIGN & SERVICES LIMITED for top-notch

naval architecture and ship design expertise. Radiant built and designed the first Ever LPG Carrier in Banglndesh

| T
\\ Shipbuilding, Repair & Maintenance — o Snt g L i
- e | @ . 4
RADIANT SHIPYARD LIMITED excels in Al | i'ﬁvﬁ\,'w
shipbuilding, repair, and maintenance, delivering . S - "

quality vessels built lo last.
DREDGING

Construction & Erection
Radiant Shipyard Limited is the sole authorized manufacturer of Ellicott

Standard Dredgers for Private C. ies in ladesh

RADIANT is your partner for constructing
durable maritime and coastal infrastructure,

including ships, shores, and offshore structures.

WATAYVAANES N0

Our team, RADIANT DREDGING LIMITED,

offers precision dredging to enhance navigability SHORE AND OFFSHOREV
in Bangladesh's waterways. - = LXe. ¢

Buildi

in g Shore and Offshore Constructions.

Connect with RADIANT Today! 53 info@rslorg.bd

W ' © +8802226664812, +8802226664813

RADIANT RADIANT RADIANT j§ wevew-ral.org tul /)
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NOT JUST DREDGERS BU
DREDGING SOLUTIONS

o

BANGLA TRAC

A House # 38, Road # 12, Block # H, Banani, Bhaka-1213, Bangladesh.

@ +8802-55041951-7 & +8802-55041997 @& info@banglacatcom _
® www.banglacatcom @ www.linkedin.com/cempany/banglacat www.focebool‘(_,' / banglacattrac/
-
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