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Abstract

Balikpapan Bay connects Balikpapan City to the new capital city of the Republic of Indonesia (IKN). Currently, many
community activities in Balikpapan Bay include crossing, loading, unloading, and fishing activities. Balikpapan Bay also
offers an unforgettable water tourism experience with many intriguing attractions for all ages, such as water slides and
diving. IKN is utilized in the development of marine transportation to create marine tourism potential in Balikpapan Bay.
The purpose of this research project was to build a tourist phinisi ship that allows tourists from within and outside the
country to spend their free time on board and enjoy the splendor of Balikpapan City and IKN with a cultural concept.
Phinisi will be equipped with lodges, museums, cafes, and restaurants, depending on the design of the boat. The research
stages included designing a general arrangement that produces data in the form of main dimensions, hull form coefficients,
line plans, general arrangements, 3D designs, and interior rooms. A parentship approach was used in this study. The main
dimensions obtained in concept design of Phinisi; loa=55m, B=9m, H=5m, T = 3.5 m, Vs = 9 Knots, Crew 11
people, passengers = 15 people. The Phinisi cultural concept provides a different approach to getting to know the local
wisdom.
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1. INTRODUCTION

The Indonesian Capital City (IKN) was built not only to move the center of state administration but also with
a greater goal of equitable development and economy. The development of IKN considers various sectors that
can drive the regional economy, including tourism. We expect IKN to become the primary destination for
tourists seeking a unique maritime experience; thanks to the provision of sea transportation services. In
addition, it will make a significant contribution to local economic development and preservation of maritime
cultural heritage. Comfortable accommodation options, access to the Kalimantan Cultural Museum, and the
opportunity to enjoy the beauty of Balikpapan Bay are needed.

Balikpapan Bay is one of the places in East Kalimantan with many natural wealth potentials [1]. They are
home to freshwater dolphins, which play an important role in the local food chain. Dolphin populations in
Balikpapan Bay are threatened by various industrial activities. On the one hand, Balikpapan Bay offers
interesting water tourism for all ages, such as water slides and diving, in addition to the dolphin tourism. In
addition, IKN can be utilized by marine transportation developers to create marine tourism potential in
Balikpapan Bay. Several tourism facilities have been provided, such as Phinisi, which is relatively small in
shape and size. This Phinisi serves the Balikpapan Bay-Balang Island Bridge and Nusantara (IKN) shipping
route on a round-trip basis. The fleet serves 40-60 passengers, including the crew of the ship. Several ship
facilities are offered, such as bedrooms, cafeterias, and prayer rooms located on decks 1, 2, and 3 of the boat.
Referring to the regulations of tourist ships in Indonesia [2-5], namely, creating a safe and enjoyable tourist
experience for tourists, the ship's facilities can still be developed to provide comfort for local and foreign
tourists. Phinisi was chosen because it is a Motor Sailing Ship (KLM) of the cultural heritage of the
archipelago. Phinisi operating in IKN can function as an icon and strengthen national identity. In addition,
Phinisi is driven by engines and sails. This is in line with the vision of the capital city of Indonesia as a green
city that shows the identity and diversity of Indonesia [6].
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The specific objectives of this study were to produce data in the form of main dimensions, hull form
coefficients, lines plans, general arrangements, 3D designs, interior spaces, and scaled ship models. The
urgency of this research is at an important and urgent level because the fleet currently available requires the
development of comfort and safety services; therefore, it is necessary to design a Phinisi with comfortable
accommodation, access to the Kalimantan cultural museum, and the opportunity to enjoy the beauty of
Balikpapan Bay and accommodate the safety of sailing passengers and crew [7].

Various biota, including fish, algae, crustaceans, mollusks, ostracods, pteropods, foraminifera, and coral reefs,
are found in the waters of Balikpapan Bay. Fish need coral reefs as an important part of their environment
because they provide a place to eat and reproduce by laying eggs [8]. Coral reefs in Balikpapan Bay, are
vulnerable to extinction. Data collected by the Kalimantan Coastal Foundation (Peka) show that the damage
to coral reefs in Balikpapan Bay is very severe. As it is located in a closed bay, the coral reef in Balikpapan
Bay is the most unique coral reef in Indonesia. The level of damage to coral reefs in Balikpapan Bay was
recorded to be very severe. The coral reefs in this area are some of the most unique in Indonesia because of
their relatively protected locations in bay waters [9].

As a supporting city for IKN, Balikpapan City has promising marine tourism potential because of the beauty
of the coral reefs and rows of white sand on the beach. Balikpapan Bay is popular tourist destination. Other
tourist locations include Lamaru Beach, Benua Patra Beach, Manggar Segarsari Beach, Kemala Beach,
Melawai Beach, and jet skis [10].

One type of tourist ship suitable for the waters of Kalimantan is the water bus [11-13]. In addition, traditional
ships are still being used from generation to generation, one of which is phinisi. A classic Indonesian sailing
ship with many sails, twin masts, a wooden hull, and a long, graceful bridge, uniting the past and present. Even
today, many people use Phinisi, a masterpiece of Indonesian culture, and a typical traditional ship. The
production of study and durable Phinisi began in the 18th century [14].

Adequate transportation is very important in the context of tourism, as it offers many advantages and enormous
potential. Phinisi vehicles are used in marine tourism. The ship rented by its owner for tourism purposes can
accommodate eight 20 passengers, making it suitable for travelers who want to see the natural beauty of the
ocean in various locations. Traditional Phinisi currently have difficulty transporting commodities, because they
are no longer able to compete efficiently. Initially intended to transport commodities, the use of ships in this
capacity was gradually discontinued because of the low profits obtained. Thus, the conversion of Phinisi is
more profitable [14].

Phinisi ship was chosen because it is a Motor Sailing Ship (KLM) of the cultural heritage of the archipelago.
Phinisi operating in IKN and Balikpapan Bay can function as one of the icons and strengthen national identity.
In addition, Phinisi is driven by engines and sails. This is in line with the vision of the capital city of Indonesia
as a green city that shows the identity and diversity of Indonesia [15]. The advantages of the planned Phinisi
over the existing Phinisi are that it has comfortable accommodation, access to the Kalimantan cultural museum
is fulfilled because the ship's design adopts the concept of cultural tourism, and adequate safety and security
so that passengers feel safer. The shape of the Phinisi hull is as follows [16-18].

The ship design research that we propose is of the phinisi type with a single hull and uses a parentship method
that has not been carried out in previous research. In addition, the proposed design adopts ergonomic principles
so that the crew and passengers feel safe and comfortable using the ship [19]. The Phinisi cultural concept
provides a different approach to getting to know the local wisdom.

2. METHODS

In the world of ship design, the most widely and very popular spiral design is used. This method describes a
calculation that is carried out repeatedly, starting with the needs submitted by the owner and then continuing
to calculate and adjust the power, line planning, and other steps. This is because the initial assumptions
prepared based on the owner's wishes cannot be fully implemented before all the possible solutions are
explored. Therefore, this process requires the involvement of experienced designers to ensure optimal results,
starting from the owner's request and continuing to calculate and adjust power, line planning, and other steps.
This is because the initial assumptions prepared based on the owner's request cannot be fully implemented
before all the possible solutions are explored. Therefore, this process requires experienced designers to ensure
optimal results. The spiral design stages can be described as follows.
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One of the key elements in the spiral design model is that, with each turn of the cycle, the number of available
design options increases, increasing the level of complexity. The initial design stage begins with defining the
purpose of the ship and the criteria expected by the owner, as shown in Figure 1. Next, the designer can compile
a matrix that includes hundreds of design variations with various combinations of the length, width, draft,
height, speed, and hull shape characteristics. The research method used was the parentship approach [21-25].
Stability aspects are also considered for safety during sailing [26]. Similarly, the distribution and position of
the load [27] affect the load shift [28]. The parent- ship approach method uses one type of ship as the initial
data. Furthermore, the main dimensions are modified according to needs by considering the design constraints
for certain types and functions of the ship. This method minimizes design errors because it uses a comparison
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Gambar 1.1 Desain Spiral proses pembuatan kapal (Sumber ; (David Jhon Eyres, 2001))

Gambar 1. Spiral Design on ship design proccess [20]

vessel that is already operational and technically feasible.

3. RESULTS AND DISCUSSION

3.1. Determine of Main Dimension of Phinisi

In this study, the phinisi "Fenides" operating in the watersways of Labuan Bajo was used as a parent ship.

Table 1. Particular of Phinisi Fenides

No Item Value Units
1 LOA 41 meters
2 B 7.7 meters
3 T 2 meters
4 Vs 9 knots
5 Crew 22 people

Table 2. Particular of Phinisi Design

No Item Value Units

1 LOA 55 meters
2 B 9 meters
3 T 3.5 meters
4 H 5 meters
5 Vs 9 knots

6  Crew 26 people

Table 3. Ratio and constrain of particular of Phinisi Design

No Ratio Value Status
1 L/B 5 Acceptable for ship motion & velocity
2 L/H 9 Acceptable for longitudinal strength,
resintance, and manouvering
3 B/H 1.8 Acceptable for Intac stability and
damage stability
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No Ratio Value Status
4 B/T 2.57 Acceptable for ship stability,
resintance, and manouvering

To calculate the Froude Number (Fn), the following formula is used:

Vs

Fn = 73l (1)
where,

Fn = Froud Number

Vs = velocity (m/s)

g = acceleration (9.81 m/s?)

L = length of waterline (m)

So, the Froude Number Phinisi value is 0.448.

Based on the obtained Froude number value, the next step was to calculate the ship coefficients. These
coefficients included the block coefficient (Cb), midship coefficient (Cm), waterplane coefficient (Cwp),
prismatic coefficient (Cp), volume displacement (V), and displacement (A). The calculation of the coefficients
contained in the Parametric Design book is as follows:

a. Block coefficient (Cb)

CB = -4.22 +27.8\Fn —39.1 Fn + 46.6 Fn® 2)
= 0.562

b. midship coefficient (Cm)

Cm = 1.006 — 0.0056 Cb"-3.56 3)
= 0.86

c. waterplan coefficient (Cwp)

Cwp = Cb/(0.471 +0.551 Cb) 4)
= 0.822

d. prismatic coefficient (Cp)

Cp = Cb/Cm (5)
= 0.664

e. volume displacement (V)

\Y = LxBxTxCb (6)
= 678.990 m*

f. displacement (A)
A = Vx1.025 (7)
= 696  ton

3.2. Modeling of Phinisi Hull

The projection pattern of the body of the ship includes various cuts, such as a cross-section of the body of the
ship (body plan), a longitudinal cut of the front or rear of the ship (sheer plan), a cut of the right or left side of
the ship, and a horizontal cut of the ship's body at the waterline (half- breadth plan). The B-Spiline software
was used to design the line plan. The following are the steps in creating a line plan using B-Spiline software:
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Figure 2. Phinisi hull of Design on Software B-Spiline Application

Figure 2 is then exported to a 2D CAD application so that it can be used as a reference for arranging the rooms

and compartments planned for the Phinisi.
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Figure 3. Lines plan of Phinisi

3.3. Ship Stability Analysis
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The ship stability was calculated using the B-Spline Stability Enterprise software. The stability criteria applied
are the criteria for the general category ships based on the IMO A.749(18) Chapter 3. Selecting several load
case scenarios when phinisi is operating, namely; 1. When departing from the port with 100% full
consumables; a 2. When traveling one-third of the route with 75% consumables, 3. When traveling on half the
route with 50% consumables; 4. When arriving at the destination (arrival) with 10% consumables, the results

of the phinisi stability data analysis are as follows:

4231 ol BN i G O g oy = 1741

] o El £ [0 K] ] el ] ] i [ “

G2 Q0Mm  HelioSmiceds 010 deg  Aves e e heel « 00D0 . deg

Figure 4. GZ curve of Phinisi
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Table 4. Loadcase scenario of Phinisi Design

GZ curve of Phinisi

Area of under GZ Area of under GZ GZ GZ
Loadcase CUI'Veactual curve Mo max. max. GMacwa  GMimo
operation 030 040 3040 030 o040 3040 actual  IMO status
meters. radian degree meters

100% 023 040 0.16 0.055 0.09 0.03 51.8 25 1.74 0.15 accept
75% 023 040 0.16 0.055 0.09 0.03 51.8 25 1.72 0.15 accept
50% 023 040 0.16 0.055 0.09 0.03 509 25 1.71 0.15 accept
10% 023 040 0.16 0.055 0.09 0.03 509 25 1.69 0.15 accept

3.4. Design of General Arragement of Phinisi and Calculating of Tonnage

The general plan of Phinisi includes an engine room, an accommodation room, and a cargo room. The main
rooms are placed by considering their position in relation to the hull and superstructure, including the cargo
room, engine room, room for crew and passengers, tanks (fuel, ballast, fresh water, etc.), and other rooms. At
the same time, other important needs must also be considered, such as watertight bulkheads for each room,
adequate stability, structure/construction, and provision of sufficient access. The general plan is gradually
made through trials, tests, and adjustments to the appropriate space or size. The arrangement and placement of
the space can refer to ships that have been built or operated with features similar to those of the design of the
ship.

Figure 5. General arrangement of Phinisi

Figure 5 shows the layout of the compartments on each deck and the space of the Phinisi. The resistance and
engine power were calculated through a ship model simulation using Maxsurf Resistance software, with a
maximum speed of 10 knots in the test. The Wyman method was applied in this simulation, assuming an
efficiency of 100%. The simulation results are as follows:
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Figure 6. Calculate of Resistance total of Phinisi

Figure 6 shows the fluid flow interacting with the phinisi body, which provides flow pattern information with
a numerical approach. The simulation results in Maxsurf Resistance show that at a service speed of 9 knots,
the required power is 585.66 kW. After a correction for the local shipping area (inland waterway) of 15%,
which results in an additional power of 87.85 kW, the total required engine power becomes 673.51 kW. To
meet this requirement, the main engine specifications used for Phinisi are as follows.

Figure 7. Main engine of Phinisi

Table 5. Sprcification of main engine of Phinisi

No item value units
1 powering 749 kW
2 length 3091 mm
3 Breadth 1305 mm
4 Depth 1882 mm
5 Dry mass 3880 kg

6 type YANMAR 6EY17KW

The Phinisi general plan describes the estimated weight information, which is divided into two, namely, LWT
and DWT, as shown in Tables 6 and 7 below.

Table 6. Breakdown weight of DWT of Phinisi

No Total weight of DWT

Item Value Unit
1 weight crew & provision 5.5 Tons
2 weight of Fresh Water 0.723  Tons
3 weight of Fuel Oil 10 Tons
4  weight passenger & provision 2.2 Tons
5  weight of lubricant oil 0.440 Tons
Total 18.863 Tons
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Table 7. Breakdown weight of LWT of Phinisi

No Total weight of LWT

Item LWT value unit
1 Hull weight 483.234 tons
2 deck weight 47.98 tons
3 Anchor 1.32 tons
4 Navigation equipment 0.1 tons
5 lifejackets 0.024 tons
6 lifebouy 0.007 tons
7 Construction estim. 137.057 tons
10 machinery system 3.88 tons
11 generator 2.88 tons
Total 676.482 tons

The tonnage value, or total volume, of the watertight enclosed space of the ship, including the spaces above
and below the main deck. Calculated based on the government regulation of the Minister of Transportation
Number PM 8 of 2013 concerning the method of measuring domestic ships.

Calculation of enclosed space above deck (V1) and enclosed space below main deck (V2):

Deck 1

Area = 182 m?

Depth = 3m

Volume = 700 m?

Deck 2

Area = 145.15 m?

Depth = 3m

Volume = 499.87 m®

Vi = V deck 1+ V deck 2 8)
= 700 + 499.87
= 1199.87 m?

V2 = LxBxHxf 9)
= 40.1x9x5x0.5
= 902.94 m?

The total volume of the enclosed space above the main deck is V1 = 1199.87 m?, whereas the volume of the
enclosed space below the main deck reaches V2 =902.94 m?.

GT=025xV (10)
where
Vv =V1+V2 (11
and than,
GT =025xV
=526 ~QGT
NT =0.30x GT (12)
=0.30x 526
=158 ~ NT

3.5. Design 3D of Phinisi
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Here is the result of the three-dimensional modeling of a Phinisi complete with several rooms and
compartments that are typical of Kalimantan culture. The basic concept was inspired by the general plan design
of Phinisi. A 3D image is shoween in Figure 8-13.

Figure 9. 3D of Borneo Musical Instruments Room of Phinisi

Figure 9 show in The Borneo Musical Instruments Room was located on the main deck. With a room area of
45,941.2 m? This fairly large room provides comfort for tourists to see traditional musical instruments
originating in Kalimantan. One of the facilities provided is a musical instrument called "sampe."

Figure 10. 3D of Kalimantan Cultural Exhibition Room of Phinisi

Figure 10 show in The Cultural Exhibition Room has an area of 32,673.8 m?, located on the main deck. The
room was designed with the aim of tourists getting to know more about Kalimantan culture, such as traditional
weapons, shields, and paintings.
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Figure 11. 3D of Mini theatre Room of Phinisi

Figure present of the mini theater room was designed with an area of 42,4872 m? located on the second deck.
The room is intended for staging films or traditional cultural arts performances so that tourists can better
understand the Kalimantan culture.

Figure 12. 3D of Cabin/sleeping Room of Phinisi

Figure 12 present of Cabin rooms are distributed in several deck sections, such as the lower and second decks.
The size was adjusted to its class, which was designed to be as comfortable as possible. The sizes include
473121 m?, 14.6101 m?, and 10.7979 m?. Their function is a resting place.

Figure 13. 3D of Lodging and Cafetaria Room of Phinisi
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Figure 13 show in Lodging and the cafeteria are functionally distributed in several rooms, such as the camera,
dining, and café rooms. Their function is to make tourists more comfortable.

4. CONCLUSION

Using the main data of the parentship the design main dimensions of Phinisi were obtained through the follows
Overall Length (LOA) 55 m; width (B) 9.00 m; height (H) 5.00 m; draft (T) 3.5 m; velocity (Vs): 9 knots;
crew and passengers 26 people. Based on the results of the stability of the Phinisi tourist at all load case
scenarios accepted for operation based on the IMO. The total resistance of the Phinisi tourist resistance was
126.5 kN. Requires 756 kW of powering machinery for operation.
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