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Bangladesh being a riverine country depends on her 230 rivers and Bay of Bengal for her economic
growth to a considerable degree from time immemorial. Fishing is an important industry throughout
the region in terms of generating employment, foreign exchange earnings, food supply and providing
income for local communities. Hilsa is an important diadromous fish considered as national fish in the
country and contributes to the national economy, employment and export. Hilsa has more than 13.4%
contribution to the country’s fish production as the single fish species. Keeping in view of the immense
potential of Hilsa sector requires a new hull design and construction thought of such a high-tech Hilsa
Research Vessel to survey underwater river bed to find Hilsa enriched region, collect samples, process
research and interpret previous data to enhance the Hilsa harvest from riverine areas of Bangladesh.
From the shipyard point of view, there is used trained professional team with rich industry expertise
and highly customized flexible supply chain solutions for the client with unified technology systems.
Becoming a leading maritime power through this high-tech research vessel, it is possible to know the
nature of the movement of Hilsa, where it lays its eggs, whether it is migrating or not and the level of
oxygen in the river bed which is equipped with a Hilsa research laboratory, netting system and a portable
mini hatchery. Besides that, the ship will also help protect other fish biodiversity. Most important, it will
act as a game changer in Hilsa research. Meanwhile, developing a new design for a Hilsa research vessel
requires considering various factors, such as the scientific objectives, the operational requirements,
the environmental conditions, the safety standards, the cost-effectiveness, and the sustainability of the
vessel. In this paper, the authors propose a design method for a small research vessel of 25 meters in
length which will be cost-effective and meet the operational requirements of users at a 10 knots research
speed.
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1. Introduction.

In Bangladesh, Hilsa is the largest and most important sin-
gle species of our ’national fish’.

Hilsa fish has been playing an important role in the coun-
try’s economy, employment and non-vegetarian food supply
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since time immemorial. In recent times exports are also playing
a very important role in earning foreign exchange and alleviat-
ing poverty in the country. The contribution of hilsa fish to the
total fish production of the country is about 13.4%.

The annual average production is about 2.0 (two) lakh mil-
lion tonnes and the value is BDT 4,000 thousand crores [1].
The contribution of Hilsa fish to GDP is more than 1 percent.
About 4-5 lakh fishermen are engaged in Hilsa extraction ei-
ther full-time or part-time on 712 km long coastline and 700
rivers [2]. Fish provides 60% of national animal protein con-
sumption. Fisheries sector also plays an important role in rural
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employment generation and poverty alleviation.
Bangladesh is a riverine country. The pride of Bangladesh is

its rivers with one of the largest networks in the world with a to-
tal number of about 230 rivers including tributaries, which have
a total length of about 24,140 km [3]. The ship repair [11,12,13]
and new shipbuilding sector in Bangladesh are of great signif-
icance to both the nation’s economy and its maritime industry.
Given Bangladesh’s strategic position along the Bay of Bengal,
it is exceptionally well-suited for ship repair and construction
activities. This industry plays a pivotal role in job creation, of-
fering opportunities for skilled labor and contributing substan-
tially to the country’s GDP. Furthermore, as the need for mar-
itime transportation steadily increases, a strong ship repair and
new shipbuilding sector becomes indispensable for preserving
and extending Bangladesh’s influence in maritime affairs, pro-
moting economic development, and safeguarding national se-
curity.

Though 57000 mechanized and non-mechanized boats and
200 industrial built steel body trawlers are engaged in fishing
the coastal waters up to 60km [4-5], there is no high tech re-
search vessel is available in riverine areas for hilsa research to
know about the safe heavens of Hilsa and identify feasible re-
gions of their existence, breeding areas along with new migra-
tion areas in different rivers, estuaries and sea tributaries of the
country. Also, a deep research can be conducted on their habits
and bio diversity of their life.

2. Research Methodology.

The methodology followed in this research is on user re-
quirement based. The basic requirement comes from the de-
mand of concerned personnel of fishery department. Based
on user requirement and experienced crews opinion the prin-
cipal particulars of a Hilsa research vessel which will be oper-
ated in riverine areas of Bangladesh was selected considering
the plying area, weather condition, draft limitation and voy-
age duration. The efforts are given to fulfill all requirements of
Bangladesh Fisheries Research Institute (BFRI). After finalize
the principal dimensions, the design work is started to generate
preliminary General Arrangement Plan using AutoCAD. After
that, the three-dimensional hull was generated using Rhino3D
hull modeling software. Then, the stations/frames, buttocks,
waterlines and body plan are obtained to develop the lines plan.
In the meantime, the weight of hull is calculated by item wise
weight calculation of hull elements, section modulus and thick-
ness of stiffeners are calculated based on Department of Ship-
ping (DOS) rules and regulations. Once the hull form is final-
ized by checking all criteria, then the resistance components
were calculated to find out propulsion power requirement using
software. Then the load cases are defined and stability analysis
was carried out using Maxsurf software analysis for confirming
IMO intact stability criteria. And checked the hydrostatic data
for stability in different load cases. In this consequence, the hull
form and general arrangement plan is finalized. So, the design
spiral of a Hilsa research vessel is as shown in Figure 1:

Figure 1: Design Spiral for Hilsa Research Vessel.

Source: Authors.

3. Development of Design.

Pursuant to research methodology, the design of Hilsa re-
search vessel began with the owner’s requirement and aspira-
tions. At the same time the requirements were matched with
operational ability of the said vessel in the riverine stations in
Bangladesh. Smooth research works, comfortable stay of sci-
entists & crew, smooth performance of onboard sophisticated
equipment, the length available in quay, river operational draft
are the prime factors to select principal particulars. Besides this,
some research vessels around the works have taken into consid-
eration [6-9]. Here, multiple relevant ships concept are used to
generate new hull [10]. The selected principal particulars for
the target vessel are: Length overall (LOA) = 25.00 m, Breadth
(B) = 6.00 m, Depth (d) = 2.80 m and Draft (t) =1.40 m.

3.1. General Arrangement Plan.

Keeping in mind the principal particulars, Mono Hull type
V shaped and single chine was chosen from practical experi-
ence for this type of research vessel and a preliminary general
drawing was sketched in AutoCAD. Since, the vessel will oper-
ate only in riverine areas and will never go to sea, wave making
resistance is very less and provision of using Bulbous Bow is
not kept during design. The design was developed with hybrid
structure: the hull is to be made of mild steel and the super-
structure is to be of Aluminum.

The General Arrangement drawing is shown in Figure 2.
Here, framing spacing is kept 500 mm. Fig 2(a) shows the
outline of the vessel in profile view where there are two decks
above the main deck. On the aft of main deck, there is a hatch-
ery compartment and one stern A-frame for net operational fa-
cility to collect the hilsa sample. The middle portion of the
main deck is covered by superstructure to keep accommodation
arrangements for 02 senior scientists, 04 junior scientists and
12 crews as indicated in figure 2(b). Galley, Dining space, cold
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storage, dry ration store and washroom are also accommodated
here. At the front side of main deck there is an anchor windlass
for anchor operation and a freezing compartment under main
deck.

Figure 2: General Arrangement Plan.

Source: Authors.

On the bridge deck of superstructure, aft side is scientist’s
laboratory and front side is wheelhouse Figure 2(c). Scientist’s
wet lab will be equipped with different Hilsa research equip-
ment where initial processing of the specimens is done. In sci-
entist’s lab, there are 04 high performance computers. To fulfill
the requirement of SOLAS convention, there will be one 18
men auto inflatable life rafts for life savings. And the wheel-
house is equipped with different navigational and communi-
cational equipment. Furthermore, the vessel is equipped with
a high tech fish finder to detect fish school and provides vari-
ous underwater information, such as water depth, distribution of
fish school, and the condition of the riverbed. Also, have nav-

igational radar aided to navigation used in identifying, track-
ing and positioning of vessels to safely navigate a ship. It is
also equipped with a Single-Beam Echo Sounder (SBES) and a
Multi-Beam Echo Sounder (MBES) to determine the depth of
water, HF Set and Public Address (PA) system for communica-
tion.

Figure 2(d) shows the under deck arrangement which is
just beneath the main deck, where the provision for engine and
steering gear room, tank arrangement, freeze box are kept. At
the Engine room (Frame 1 to 17) of length 8m, two in nos. main
engines, one main generator and one Emergency generator, and
4 in nos. pump are placed along with steering system at the
end of the engine room. Two in number fuel oil tank and one
in number fresh water tank is placed in parallel middle body of
under deck and separated by tank boundary. Chain locker room
is also placed at the forward end.

Table 1: Weight Distribution of Major Items.

Source: Authors.

3.2. 3D Hull Form & Lines Plan Generation.

The hull form has been generated using Rhino 3D and its
analysis has been carried out by changing all of its parameters.
After some trial and error process, optimized hull form is found.
The block coefficient is found 0.45. The final hull is shown in
figure 3. Principal Particulars as: L=25.0m, B=6.0m, D=2.8m.

Figure 3: Hull Generated by Rhinoceros.

Source: Authors.

The design load waterline is taken at 1.40m from the base-
line and number of stations, buttocks and waterlines are 50, 11
and 11 respectively. The vessel hull is optimized to reduce the
resistance and increase the fuel efficiency. With this hull form
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the lines plan and corresponding offset table have been gener-
ated of which profile, half breadth plan and body plan are shown
in figure 4.

Figure 4: Profile, Half Breadth and Body Plan.

Source: Authors.

4. Resistance and Power Calculation.

The most accurate and reliable method for calculating a
ship’s resistance is by performing a model test. But in design
stage, using software (resistance module of Maxsurf) the resis-
tance and power requirement can be assumed.

In Maxsurf software three methods namely: Holtrop, Comp-
ton and Fung method are used. Then, power is calculated at the
maximum value, taking the cruise speed 6-8 knots and maxi-
mum speed 10-12 knots. Since numerical simulation may con-
tent some erroneous result, there is a requirement to obtain
maximum resistance value using multiple methods, which will
ensure safer selection of propulsion engine.

It is seen that Fung method is demanding the highest power
requirement in comparison to other three methods. If we would
follow the most popular Holtrop method, the predicted power
would be quite less. The power graph is presented as figure 5.

Figure 5: Power vs. Speed Curve.

Source: Authors.

5. Defining Load Cases.

Since this vessel will carry very small amount fish, the change
in loading condition is not remarkable too. Therefore, two load
cases can be defined for this vessel, i.e., Full load departure and
full load arrival. For full load departure case, the collected sam-
ple is assumed to be zero tonne but the fresh water tanks, fuel oil
service tank and reserve tanks are considered to be completely
filled up. The dry and fresh provisions required for a 15 days
voyage have to be loaded during sailing of the vessel. On the
other hand, for the full load arrival case, the provisions are con-
sidered to be partly consumed while the fuel oil service tanks
are about half filled and the reserve remains 30 percent. The
deduction of provisions and fuel is filled up by the fish samples
collected for research activities.

6. Stability Analysis.

The upright hydrostatics analysis performed using the Max-
surf stability module is presented in figure 6. The result indi-
cates that the displacement wetted surface area, moment change
to trim be increasing linearly with the rise of draft. On the other
hand water plane area, metacenter and longitudinal center of
buoyancy vary nonlinearly.

Based on hydrostatics analysis and load case definitions,
large angle of stability calculations was performed in both for
full load departure and full load arrival conditions for intact
conditions. During this stability analysis, the even keel con-
dition is presumed i. e. trim is kept to be at zero. The values
of righting lever are coupled with their corresponding heeling
angles for two load cases defined conditions are presented in
figure 7. Figure 7(a) and 7(b) indicate that the initial GMT val-
ues are 1.754 m and 2.413 m respectively. The maximum GZ
values are found to be 0.777 m and 1.058m respectively at the
heeling angle of 34 and 40 degree.
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Figure 6: Upright Hydrostatics Analysis.

Source: Authors.

Figure 7: Stability Curve for full load departure and arrival.

Source: Authors.

7. Construction Procedure.

Ship construction is the sum of designing and fabrication
works. It is also a total combination of architectural works
and engineering. In Construction site, from which the ves-
sel is launched fabrication process is chosen to assemble the
blocks depends on the facilities and logistics support available
in the yard. A shipbuilder carries out construction activities to
deliver the vessel within a stipulated time period that is men-
tioned in contract. To meet the contractual obligation the yard
can take either the conventional ways or block construction pro-
cess. Block constriction is the most effective process in ship-
building which is proving in recent years at worldwide ship-
building company. In block construction process, initially the
GA plan is segmented into some unique blocks keeping mind
the weight of each block to handle during erection process.
Then block wise nesting & coding is prepared for CNC ma-
chine. The cut plates are sub-assembled and assembled ac-
cording to production drawing. Mentionable that, the blocks
are assembled on previously made Jig as like top side down to
ease the overhead welding[14] on decks. When all blocks are
ready for erection then erection process started. Bottom blocks
are erected at first then side shell blocks and deck blocks are
placed on bottom blocks. When underwater hull blocks erec-
tion will be completed, the superstructure blocks will be placed
on main deck and erection work is completed. Then outfitting
works and machinery installation works can be started. After
fitting the propulsion system and painting the vessel will be
ready for launching. After launching the vessel, the remain-
ing works needs to make complete and commissioning works
started. When main engines, gen set, gearbox, steering gear
system, navigational items are ready, the jetty or river trial may
be started. After successful completion of river trial, the sea
trial is completed in presence of Class surveyor and owner rep-
resentatives. Finally, the vessel is handed over to owner.

Figure 8: Construction Procedure.

Source: Authors.

The function of a shipyard is to fabricate the ship engag-
ing required steelworkers, welders, ship-dockers, plumbers, en-
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gine fitters, electricians painters etc. as per approved design and
drawing. The summarized construction process in shipyard is
as below:

Conclusions.

The vessel designed for the hilsha research will be operated
in the riverine stations of Bangladesh where scientists are able
to carry out research activities incessantly for almost 15 days
and more. The vessel equipped with a hilsa research laboratory,
netting system and a portable mini hatchery will help to play
an effective role in getting a real picture of the hilsa population
and its behavior. This 25 m long vessel is well suited for re-
search activities in our narrow riverine areas; the big ships may
have obstructed in entering shallow water. The ship will also
be able to continue its research activities during monsoon and
bad weather in rainy season due to its very good stability condi-
tions. Hence, the preference has been given to ease the comfort
of researcher. For this purpose, modern sophisticated equip-
ments are set up to help researchers for assessment the kind of
impact climate change would have on reproduction of hilsa in
future. The ship can be used to go to all relevant places, includ-
ing the sea bay and collect information. Also the vessel would
enhance the strategies and skills of the hilsa research team. So,
the technical specifications of all machinery and equipment and
design will be very much well suited to fulfill the demand of
hilsa researchers.
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