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Abstract

This paper present e the investigation roii on-roii ofif (ro-ro) ship huii design thar wiii be used as te wuck
carrier for route Tanjung Priok (Jakarta) to Tanjung Perak (Surabaya) where the main objective of this paper to get
the best hull model from certain proposed hull model. The scope of investigation in this work cover on resistance,
stability, and seakeeping analysis. The resistance analysis cover the prediction of resistance and main engine
requirements. The stability analysis were performed to compare the stability of proposed model using IMO A.749(18)
Chapter 3 criteria. And seakeeping analysis focused on criteria:Motion Sickness Incidence (MSI), slamming, and
deck wetness, Five proposed hull model with the difference on displacement, block coefficient and forepeak form
were investisated Madel 1-Madel 4 have hinck eofficient in ranpe 0 4R — 0 51 from <hip comparison In other side,

Model 5 using block coefficient 0.65 according toAyre’s block coefficient formula. The result of investigation
indicates that Model 1- Model 4 has similar trend characteristic in resistance, stability, and seakeeping analysis. And
Model 5 inferior than Model 1 — Model 4 in resistance performance but better in seakeeping performance especially

il oCK WCtingss Ciiiciia.
Keywords:Ro-ro ship, resistance, stability, seakeeping

1. Introduction

In the age of globalization, transportation becomes an important and essential for human liveto
perform any daily mobility. As if transportation becomes inseparable from community life. Its very rare
phenomena thet nacnla in 3 country on Asrily that da hot nes tanenartation for thair activihrthacaidaviomd
because of that, transportation continues to evolve over time. We already know that the society is already
changing and evolving from a simple society into a complex society with high mobility and activity. This
phenomena affects the paradigm and functio of transportation for the people in this world. This
developments also have an impact on the behavior of the industry in line with the times. Industries in
ancient times and presentproduce something and distribute it using transportation. And today, the modes
of transportation by air, land and sea can be used to distribute products to markets.

in Indonesia itseif, Java is the center of industry and government where the cycie industry
constantly spinning rapidly. The growth of vehicle itself is high enough which reach point 21% per
year.[1]As the result, the distribution the products of the industry which mostly based in Jakarta to
markete nrimarile in Tava reaion will continua to onaaing, Maocthy, the indnctry choose land franeportation
mode to transport the product through the Pantura Road. As the result, the volume of vehicles passing
through the Pantura Road so high. Inevitably, this situation causes many traffic accidents, damage to
roads and congestion occurs. Traffic accidents can be caused by damage to roads and cause congestion.
Similarly, damage to roads caused by strong volume of passing vehicles and can lead to accidents and
traffic jams. And congestion itself is a result of damage to the road and traffic accidents.Large vehicles
such as industrycontainertrucks contribute greatly to the damage to roads in the Pantura Road. And this
wiii continue and resuit in materiai iosses such as deiay in distribution of product and soaring fuei costs.
This situation would be its own obstacles for industry players to develop their business. The distribution
of industrial products should be done more easily, quickly and cheaply. And to obtain them, necessary
tranenortation medes other than land franenortationic necded, Ac a maritime nation, sca transportation hag
the potential to be a solution to congestion on Pantura Road due to the high volumeof industial vehicle.

The sea transportation that can be used to distribute the product in Indonesia are general cargo
ship, container ship and roll on - roll off (ro-ro) ship. From these three option, ro-ro ship is the best choice
from the aspect mobility and money investment. In the aspect of mobility, the cargo in ro-ro ship can be
moved in and out from ship itself because it is carried by truck and this methods really saving many time
for loading and unloading activity. In the other side, general cargo and container ship need more time to
ioading and unioading irom ship and aiso ioading 1o wuck that wiii diswribure the product irom harbour 10
other region. In the aspect of money investment, ro-ro ship is the cheapest one than other two option
because ro-ro ship do not need the supporting facilities such as warehouse or container field and crane in
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ihe process of fvading and uniovading. S0 ie ro-ro ship is more fiexioie, if' in ihe fuiure beiween ihe rouie
Tanjung Priok to Tanjung Perak, ship must stop in certain harbour to do loading and unloading activity,
there will be no problem even if the new harbour destination do not have warehouse, container field or
crane Ta get the bect hull decign, come analysic into come propased hull decign are requirad euch ac
resistance, stability and seakeeping analysis.

Resistance analysis is used to predict the resistance of ship hull and capacity of main engine that
needed to overcome the resistance. Holtrop and Mennen developed a method to determine the required
propulsive power at the initial design state of ship. This method was developed through a regression
analysis of random model experiments and full-scale data, available at the Netherlands Ship Model
Basin.[2]And in their next work, the prediction for resistance was presented. Where the extension of the
weiiod was fvccused on improving ihie power prediciion of higi-biock ships wiili fow L/B-raiios and of
slender naval ships with a complex appendage arrangement and immersed transom stern.[3]

In stability aspect, since coming into being in 1959, IMO has adopted numerous international
conventione and otherinetriments which are designed to improve maritime safety in general Some of
these are particularly relevant to ro-ros. The feature which distinguishes the ro-ro ship from other types is
the open vehicle deck (or decks) which run the full length of the ship with a door at either end. It is
crucial to the whole ro-ro concept and one of its most controversial features, since it has led to
considerable concern about the safety of ro-ro ships is their stability in both the intact and damaged
condition.As far as SOLAS is concerned, subdivision and damage stability requirements for passenger
ships are contained in part B of chapter II of the 1960 version and chapter II-1 of the 1974 version. In
buily, iie standard of subdivision vaties according v ihe feugiln of ships and e number of passengers vn
board. Passenger ships are defined as ships which carry more than 12 passengers.[4]

Seakeeping performance is becoming of increasing importance. With fast computers and
saphisticated snflware readily availahle tn designers it is now pnssihle for 8 veseel's seakeening
characteristics to beaddressed much earlier in the design spiral. Regulatory bodies and operators are
becoming increasingly aware of the importance of specifying seakeeping requirements which the vessel
must meet. The software tools described in this paper will helpdesigners address these issues.In general
there is a demand for increased performance, this tended to be speed and endurance, but now many
tenders also specifically address seakeeping requirements. This has been demonstrated by the large
seakeeping budget spent on the development of the Stena HSS. However, for most smaller projects, this
ievel of iuvesimeni is noi feasibie, especially in ilie carly siages of the design spital o1 wien bidding for
tenders.[5]

A major goal of the present paper is to investigate and choose the best from allproposed hull
design that will he nrojected tn aail for Taninng Prink-Taniung Perak route Therefore all nrannaed model
are modelled and simulated by numerical approach in the present paper.

2. Materials and Methods

This section describes the characreristic every proposed modei which is focussed on the biock
coefficient and displacement characteristic. Here we shall first assume that the dimension of length over
all is similar. For beam and draught of all proposed model are same. Also this section describe the method

and criteria that were need in the simulation of proposed meodel,

2.1. Hull Design Model

In present paper, there are five proposed model that will be investigated. The pronnsed hull model
noted as Model 1, Model 2, Model 3, Model 4, and Model 5.Principal dimension of proposed model is
presented in Table 1. And three-dimension illustration model of proposed model is presented in Figure 1

Tabie 1.Principal dimension from proposed modei.

Model No. Design Length LOA Beam | Draught Block Coeft. Displacement | Service Speed
(m) (m) (m) (m) (tonnes) {(knot)
1 184.30 198.03 30.00 7.50 0.4820 20486 20
2 177.30 198.03 30.00 7.50 0.5042 20615 20
3 184.30 198.03 30.00 7.50 0.4921 20918 20
4 184.30 198.03 30.00 7.50 0.4862 20665 20
5 177.30 198.00 30.00 7.50 0.6499 27486 20
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Figure 1. The proposed hull model: (a) Model 1; (b) Model 2; (¢) Model 3;
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2.2, Simulation Method and Critoria

Simulation and analysis of proposed model were done to investigate three main performance:
resistance, stability, and seakeeping. Each of simulation have their method and criteria. In simulation of
resistance, the present work used Holtrop method to predict resistance. According to the work of Holtrop

and Mennen [3], total resistance of a ship has been subdivided and presented in Equation 1:

Repowt = Ri(1 +Ky) + Rapp+ Ry + Ry + Ry + Ra m
where:

Rrow  : total resistance

Rg : frictional resistance according to the ITTC-1957 friction formula

!tk form factar deccrihing the viccoue recictance of the hull form in relation to R;

Rapp : resistance of appendages

Ry : wave-making and wave-breaking resistance

Ra : additional pressure resistance of bulbous bow near the water surface

R : additional pressure resistance of immersed transom stern

Ra : model-ship correlation resistance

in simuiation of stabiiity, the present work used the internationai Maritime Organization (IMU)
criteria, resolution A.749(18) chapter 3 regard to code on intact stability for all types of ships.[6][7] And
in the simulation of seakeeping, the present work used JONSWAP wave spectrum, JONSWAP spectrum

e e )

equation of JONSWAP wave spectrum is presented in Equation 2 and 3.[8][9]
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where:

S'(w)  : wave specrum

S")(w) :wave spectrum 1

S (w) : wave spectrum 2

o ! the intencity of the cnectra, defanlt value = 0 0081
g : gravity force

0] :the wave frequency

Wy :the peak wave frequency

B :a shape factor (rarely changed),default value = 1.25
Y :peak enhancement factor,default value = 3.3

G :0.07 if © <apand 0.09 if w>a,
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The characteristic of wave that used in seakeeping simuiation, the present work use the wave
characteristic at Java Sea because the proposed hull design is projected to be used for route Tanjung Priok
(Jakarta) to Tanjung Perak (Surabaya). The wind and wave characteristic of Java Sea is presented in

Figure 2 and Table 2,

Table 2. Monthly analysis wind characteristic for Indonesia water region [10]

Wind 10 m |Significant height] Maximum height |[Wave Frequency
No Location Average Awerage Average Wavwe >3 Meter
(Knot) (meter) (meter)

1 |Aceh north sea 8-18 1.0-3.0 1.25-3.75 30-60%
2 [AcchwestseatoNorth | -, 10225 125-325 0-30%

Sumatera
3 |West Sumatera Sea 2-5 06-1.5 1.0-20 0-5%
3 [Poogiikiscato 2-7 04-15 07-20 0-5%

Lampung west sea
5 |Sunda Strait 2-6 04-1.5 05-20 0-5%
5 |resinsoubisciiy 511 10-1.75 12-225 0-5%

West Java sea
7 |Central Java south sea 5-10 0.6-13 0.75-20 0-5%
8 |East Java South Sea 5-12 06-1.5 0.75-20 0-5%
9 |Balisouth seato NTB 6-15 04-16 06-22 0-5%
10 {Sawu Sea 4-16 0.75-1.75 10-225 0-5%
11 |Timor Sea 5-15 LO-1.75 1.5-25 0-5%
12 |Malaca Strait 3-10 04-22 06-25 0-5%
13 [Natuna sea 7-15 0.75-13 125-2.0 0-5%
15 |Bali Sea 4-10 075-125 1.0-16 0-5%
16 |Flores Sea 5-15 075-15 12-20 0-5%
17 |Maluku Sea 5-10 0.75-125 1.0-20 0-5%
18 |Buru Sea - Seram Sea 3-1 05-16 075-20 0-5%
19 |Sulawesi Sea 2-8 04-0.75 06-125 0-5%
20 {Halmahera Sea 4-10 07-125 1.0-15 0-5%
21 |Banda Sea 10-19 1.5-20 20-325 0-15%
22 Arafuru Sea 10-17 1.2-20 1.5-25 0-5%
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Kigure 2, Wave height and primary wave direction at java Sea [i ]

3. Results and Discussion
Thin nontines conataden ha woanatt Fuassss anervenl afoveslot e sl menaluintn fonese Moin svmovsnonnce? cxyinstond
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Resistance, stability and seakeeping are three main focussed of hull design characteristic that will be also
discussed.

3.1. Kesistance Anaiysis

Resistance analysis was performed to predict resistance that will be experienced by all proposed
hull design if they sail until their service speed. Also from this analysis, we could predict the propulsive
power to overcome the resistance and reach the desireable service speed. The result of resistance analysis
is presented in Figure 3 and prediction of propulsive power in Figure 4.

© 2 4 6 B 10 12 1w 15 w8 2 2
Speed (Knat)

Figure 3. Interaction graph between resistance and speed

5000

© 2 4 6 8 10 12 1& 16 13 20 2
Speed (Knot)

Figure 4. interaction graph detween propuisive power and speed
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From ine resuil, we obiain ihe informaiion ihai iviodei i, Miodei Z, iviodei 3, and Modei 4 nhas
similar trend in resistance-speed graph as well as in propulsive power-speed raph. The range of block
coefficient 0.48 — 0.51 did not give the significant difference. But for Model 5 with block coefficient 0.65
or hae significant difference hlack coefficient than the ather one experienced higher recistance and of
course the will need higher propulsive power to overcome the resistance. Model 5 which use Ayre’s
method to determine the block coefficient experience the higher resistance because higher block
coefficient will affect the form of hull design which is fat or slim. With Ayre’s method, ship will gain
more capacity but do not suitable for high service speed that have been decided before. The prediction of
propulsive power requirment is not acceptable or in this case much higher than the other model.

3.Z. Stability Anaiysis
Stability analysis is performed to predict and obtain the information about stability of hull design
and verify the result with stability standard. In stability analysis, IMO A.749 (18) Code on intact stability,

f-'.lr cmvtan T vmnn yvinad I #!au- I“I‘Hﬁf‘u!‘f‘ eavraral rpﬂ‘nmmnnt that et Tast ara:
e OOWWAD LS. AGATG, STOVETGL TSfuilcintlin Wikl HiUoL hes aie

Area 0 to 30

Area 0 to 40

Area 30 to 40

Max GZ at 30 or greater

Angle of maximum GZ

Initial GMt

Passanger crowding: angie of equiiibrium
Area 0 to angle of GZ maximum

P NO LB LN

All tha :'\ﬂt'n}f muct maat unf‘\ ﬂ'\o fhﬁr‘iﬂ"l" Fuen rF nna ﬂF tha .r-r'lfnn-: n'F rhnri':ﬁ‘" ic f:lt' f]'\e Aﬂcwn-n

4 e saiw

is recommended to fix so meet with the standard. Stability characteristic is highly connected ‘with safety
for passenger, crew, asset, and also ship itself, so all requirement of IMO according to stability safrty
must meet.

From stability analysis we obtain the result of length of arm for heel from 0° to 90" and
verification of stability characteristic for all proposed model. The verification the result and IMO standard
is presented in Table 3 while the graph of length of arm is presented in Figure 5.

Table 3.The verification result of stability analysis with IMO Standard

Code Criteria Value Units Model 1 Model 2 Model 3 Modeld | Model5 | Status

Area 0to 30 shall not

be kess than (>=) 243k

mdeg 113278 112753 110.734 113278 | 147539

Area 0to 40 shall not

be less than (>=) ey

5.157 mdeg 181.833 178287 182486 | 213.024 Pass

Area 30 to 40 shall not

be less than (>=) 1719

69208 67.553 69208 | 65485
MaxGZ. at 30 or greater
shall not be less than

A.749(18) Ch3 - Design =)
critcria npplicable to all | ARgle Of maximim GZ
ships shall not be kess than

&=

Initial GMt shall not be
less than (>=)

Passenger crowding:
angle of equilibrium
shall not be greater

than (<=)

0200 m 8.6 8728 8429 8746 6.650 Pass

25.000 deg B56.400 86.400 86.400 86,400 30.000 Pass

0.150 m 18,890 18,755 18.514 18.890 31.828

10.000 deg 0.000 0.000 0.000 0.000 0.000

Area Oto angle of
(iamx shall be greater
thaa (>)

s mdeg 113278 112.753 110,734 113278 147.539 Pass
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] 20 40 ] 80 100
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Figure 5. interaction graph between righting armand heei degree

From the result of stability simulation and verification that is presented in Table 3, we can
conclude all proposcd model moct with IMC criterin which is aceoplable Gom stability aspect, In other
side, from aspect righting lever curve (GZ curve)Figure 5, the lever curve from Model 5 reach maximum
at 40" and for this model, the stability vanish in 60°. Whereas the stability of other model vanished at 90°.
Bigger angle where the nasition of vanishing stahility paint exist, indicates the hull madel better in
stability performance. Even the the proposed hull meet with IMO criteria but we can choose the best from
the best in aspect of stability with compare the point of vanishing stability.For proposed model with block
coefficient 0.48-0.51, we get the similar point of vanishing stability and also indicates model block
coeificient modification in range 0.48-0.51 there are no significant difference in aspect of postion of
vanishing stability point. In other hand, the dynamic stability may be determined by measuring the area
under the righting lever curve (GZ curve) up to a certain angle of heel. The larger the area, the better is
the dynamic stebility 1121
3.3. Seakeeping Analysis

Seakeeping simulation are performed uvsing the wave and wind characteristic at Java Sea.
According to data from Badan Meteorologi Klimatologi dan Geofisika (BMKG) in Table 2 and Figure 2,
Java Sea have wave height average in range 0.75 m — 1.25 m with maximum height average in range 1 m
—2 m. Wind speed average at Java Sea is between 5 knot — 15 knot. The result of seakeeping simulation
is presented in Figure 6 for encounter wave frequency heaving, pitching, and roiiing. For the response
wave encounter 90° and 180°, Model 5 has significant difference in aspect heaving and pitching, but for
rolling motion, all proposed model have the same Response Amplitude Operator (RAO) transfer function
but different in encounter frequency for Mode! S Neverthelecs all pronoead mode! till have similar trend
for all motion. The result that is presented in Figure 6 represent the highest (RAO) transfer function for
each motion. This RAO transfer function for each motion will be compared with wave encounter
frequency for wave encounter angle: 90°and 180°. The highest wave encounter frequency in wave spectral
must not superposition with RAO transfer function of heaving, pitching and rolling because the hull
design will experiance extreme respon (heaving, rolling, or pitching). As the result, the passanger will
experience sea sickeness and the passanger comfort disturbed. For the example if wave encounter
frequency from wave spectrai reach 3 rad/s for wave encounter angie 90°, then KAO transier function of
heaving, rolling and pitching must not maximum in this frequency for wave encounter angle 90°,
Simulation for all proposed hull design indicate there are no superposition between RAO transfer function
and wave cncounter frecucney of wave spectral, This method is presented by Coureer in his work [5]

Besides carrying truck, the proposed model also will carry human, in this case truck driver.
Therefore, comfort level of passanger must be calculated. In seakeeping analysis, the level comfort of
passanger can be calculated using Motion Sickness Incidence (MSI) graph. Where this graph explain how
many passanger will experience sea sickeness during travel period. The lower diagram indicates the lower
possibility of passanger experience sea sickness. This method also was presented in Course work where
he compare MSI graph between hull with round bilge and chine.[5] The result of MSI analysis for all
proposed nuii modei is presented in Figure 8. The graphs in Figure § indicate that aii proposed huii modei
have good MSI analysis result,
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Figure 6.RAO transfer function: (a) Heaving motion with wave encounterangle 90°, (b) Pitching motion
with wave encounterangle 180° and (c) Rolling motion with wave encounterangle 90°
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Figure 7.Wave irequency: (a) Wave encounier angie 90 and (b) Wave encounier angie 30"
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Figure 8.MSI: (a) Wave encounter angle 90°, (b) Wave encounter angle 135° and (c) Wave encounter
angle 180°

The last criteria for seakeeping anaiysis are siamming and deckwetness. The probability of huil
experience slamming and deckwetness must be pressed as low as possible. Slamming and deckwetness
can affect the ship structure and stability if the propability of its occurence is high. From the analysis of
all proposed hull model, we obizin the information that Modsal 5 have great result wherse for all wave
encounter angle, the probability of deck wetness and slamming are lowest if compared by other model.
Other four model result for deckwetness is not bad, where the possibility deck wetness occur is lower
than one incidence per hours for wave encounter 90°. The result for other proposed hull model for wave
encounter 135° and 180" meet good agreement with thecriteria where the possibility of occurence per
hour almost zero. The resume of slamming and deckwetness analysis are presented in Table 4, Table 5
and Table 6.

Tabie 4. Siamming and deckwetness for wave encounter angie 90

No, Criteria Model 1 | Model 2 | Model 3 | Model 4 | Model 5 Unit
Deck wetness 0.980 0.901 0.951 0.970 0.039 iviii/n
Slamming 0.000 0.000 0.000 0.000 0.000 MIl/h

o -

Tabie 5. Siamming and deckwetness for wave encounter angie 133"

No. Criteria Maodel 1 | Model 2 | Model 3 | Model 4 | Model 5 |  Unit
1 |Deck wetness VUL L.uu1 (VAV} L.uUIL LU MIVh
2 |Slamming 0.000 0.000 0.000 0.000 0.000 MIl/h
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‘Tubie 0. Siamming and deckweiness for wave encounter angie 180

No. Criteria Model 1 | Model 2 | Model 3 | Model 4 | Model 5 | Unit
1 |{Deck wetness 0.000 0.000 0.000 0.000 0.000 MIl/h
2 |Slamming 0.000 0.000 0.000 0.000 0.000 MiVh

4. Conclusion

This paper has describe the investigation of proposed hull model that will be used as truck carrier
for route Tanjung Priok (Jakarta) — Tanjung Perak (Surabaya), where resistance, stability and seakeeping
analysis is presented. The simulation of proposed hull model is using numerical analysis to obtain the
initiai prediction of huii characeristic for severai huil periormance,

From all analysis can be concluded that every proposed hull model have their advantage and
weakness, where Model 1 until Model 4 are superior in resistance, stability RAO, MSI and slamming
nnﬂl\mw but weale in aspect nf ehmmmﬂ In the other lvmrl Maodel & 32 m'\ml\r weale in regictance and
stab:lity but good in slammmg criteria. But from overall analys:s and smulatlon, Model 3 is better than
other model. And the next step after computer numerical simulation, the choosen model could be tested in
towing tank analysis to obtain actual data from hull performance as well as to compare the result with
computer numerical analysis result. This comparison is needed because numerical prediction tools for
seakeeping have not yet reached the stage where they can reliably predict absolute motions data with the
accuracy of large scale model tests. However, they are very useful forcomparative analysis, particularly in
initiai design wilere seakeeping periormance wouid pernaps olerwise de viriuaily ignored due o
constraints of time and budget.
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