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1. Introduction

Many ship accidents occur at sea which cause fuel oil and lubricating oil spills to pollute the sea. This case often occurs
in ships carrying crude oil or petroleum that have leaks due to collisions[1][2][3]. Ship collision will have a significant impact
on the strength of the ship's structure related to ship safety[4][5][6]. According to data from the Lloyd Register, statistics on
ship sinking are determined by collisions and shipwrecks [7][8].

The collision on the ship that occurs will cause deformation to the tearing of the hull which causes an oil spill. Most cases
of ship accidents occur due to the collision of the ship with the pier which results in a large wave impact when the engine is
off [9][10]. The occurrence of large waves that occur periodically will cause the ship's hull to split. A large blow from the
waves would result in the bow of the ship being stuck in the jetty, while the stern would be washed ashore[11][12].

Basically, the ship's hull is deformed when the ship is going to rest on the jetty, which causes the hull to collide with the
jetty repeatedly due to ocean waves hitting the hull. This makes the ship's hull vulnerable to damage[13][14]. A ship or vessel
coming into contact with the seafloor or the side of a waterway while in operation is said to have "grounded" [2— 6]. On the
other hand, unplanned occurrences like marine accidents can also result in grounding. Extreme weights from severe
groundings put enormous strain on ship structures, leading to hull breaches, cargo spills, total vessel loss, and human
casualties. In less serious cases, grounding might simply harm the outer hull locally. Current/water flow, darkness and
reduced visibility, tide and sea states, visibility owing to fog and other obstacles, wind and weather conditions, depth of
waterways, geometry of waterways, and density of traffic volume are some of the factors that might lead to grounding
occurrences. the size of the vessel, the age of the vessel, the distribution of water depth, and the history of grounding
occurrences; the kind of vessel Speed of vessel; organizational and human elements; terrorism, war, and piracy[15][16].
Indonesia has many SPOB ships which have not been studied widely, in this study an analysis was carried on a SPOB by
modeling the ship and jetty by varying the speed of the ship.

Therefore, in the present study, the collision between the hull and the jetty using the finite element method is
performed, this study aims to determine the damage that occurs to the hull when colliding with the jetty with fenders and
without fenders at a certain speed variation[17][3]. Finally, the stress and deformation values on the SPOB 3500 DWT ship
are obtained.
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In general, the research stage is contained in the flow diagram shown in Fig. 1 and will be explained comprehensively
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Figure 1. Research Flow Chart

Data processing of the Self Propelled Barge Oil (SPOB) 3500 DWT vessel is carried out by modeling the vessel, calculating
stresses, and seeing the deformation value using finite element-based software, namely Ansys Explicit Dynamics.
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(b)
Figure 2. a) Lines Plan GT b) SPOB model design

In jetty and fender modeling it's the same when drawing midship by using the software Ansys Explicit Dynamics Space
claim shown in Fig. 2.

Figure 3. Fender Model

Collecting data sourced from the PT. Dutabahari Menara Line Dockyard which has been approved by the Indonesian
Classification Bureau and jetty or dock data sourced from the PELINDO III website. The primary data collected, among others,
are in Table 1 and Table 2.

Table 1. Dimension of ship

Dimension value unit
Length Overall 71,4 m
B 16,80 m
H 4,40 m
T 3,60 m
DWT 3500 ton
Table 2. Dimension of Jetty
Dimension value unit
L 7,0 m
B 4,5 m
H 55 m

The meshing process is carried out to adjust the distance between elements, which must be analyzed using finite
element-based software before proceeding to the processing stage.[5][ 18] In the meshing steps carried out as follows, Click
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Mesh on the Outline then on the Detail of "Mesh" in the lower left corner, in the Defaults table, the Element Order is changed
to linear and the Element Size used is 200 mm. Then in the Sizing table, Transition is changed to slow and Span Angle Center
is changed to Fine with the aim of smoothing curved geometric surfaces.[1][19]

0 de+03 Ge+03 {ram)
T 1

Ze+03 e +03

Figure 4. Boundary Conditions.

the load used on the model of the ship hitting a jetty that is not equipped with fenders and the ship hitting a jetty
equipped with fenders, namely using the calculation of the impact force which has been calculated using equation (2.1) and
using speed variations of 0,5m/s, 1m/s, and 2m/s where the results can be seen in Table 3.

Table 3. Impact Force Value based On Velocity Variation

Velocity Variation (m/s) Force (MN)
0.5 3,518300621

1 7,036601241

2 14,07320248

The load used on the model of the ship hitting a jetty that is not equipped with fenders and the ship hitting a jetty
equipped with fenders is using the calculation of the impact force which has been calculated using equation 1 and using
speed variations of 0.5m/s, 1m/s, and 2m/s where the results can be seen in Table 3.

The value of the impact force (P) used in the case of a hull collision with a jetty can use the equation according to the
AASHTO specification.

P=815xV x VDWT (1)

Where V is the speed of the ship when it will experience a collision, and DWT is the dead weight of the ship.

Deformation can occur when a material experiences a force. While deformation occurs, energy will be absorbed by the
material resulting in the presence of the force acting during the deformation. No matter how small the force acting, the object
will change shape and size. [20][21] This physical change in size is called deformation. There are two kinds of deformation,
namely elastic deformation and plastic deformation. [22][23] What is meant by elastic deformation is the deformation that
occurs due to a load which if the load is removed, the material will return to its original size. Meanwhile, plastic deformation
is permanent deformation if the load is removed [2] [24][25][26].

Fxl L 2)
0=axE- °E

Where:

F: Force (N)

A: Surface Area (mm2)
L: Initial Length (mm)
E: Elasticity Modulus
o : Stress (N/mmz2)

3. Results and Discussion
In this research, it is known that model 1 (one) is a model of a ship hitting a jetty that is not equipped with fenders and

model 2 (two) is a ship hitting a jetty equipped with a fender that has been processed with a predetermined speed variation
as shown below, the stress graph can be seen in Fig. 11.
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Figure 5. The Result of Model 1 Stress Value at a Speed of 0,5 m/s
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Figure 6. The Result of Model 1 Stress Value at a Speed of 1 m/s
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Figure 7. The Result of Model 1 Stress Value at a Speed of 2 m/s
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Figure 8. The Result of Model 2 Stress Value at a Speed of 0,5 m/s

A: Explicit Dynamics

Equivalent Stress

Type: Equivalent tvon-Mises) Stress
Unit: MPa

Time: 7.0005¢-004
Cycle Number: 9573
6/25/2021 12:01 PM

3.45095 Max
3.0751
26007
23063
18218
15376
11332
076878
038439

0 Min

g de+3 8e+03 (mm)
| T ]

2e+03 Ge+03

Figure 9. The Result of Model 2 Stress Value at a Speed of 1 m/s
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Figure 10. The Result of Model 2 Stress Value at a Speed of 2 m/s
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Stress and Velocity
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Figure 11. Graph of Stress Value in 2 Model

In the research, it is known that model 1 (one) is a model of a ship hitting a jetty that is not equipped with fenders and
model 2 (two) is a ship hitting a jetty equipped with a fender that has been processed with a predetermined speed variation
as shown below, the deformation graph can be seen in Fig. 17 .
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Figure 12. The Result of Model 1 Deformation Value at a Speed of 1 m/s
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Figure 13. The Result of Model 1 Deformation Value at a Speed of 2 m/s
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Figure 14. The Result of Model 2 Deformation Value at a Speed of 0.5 m/s
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Figure 15. The Result of Model 2 Deformation Value at a Speed of 1 m/s
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Figure 16. The Result of Model 2 Deformation Value at a Speed of 2 m/s
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Deformation and Velocity
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Figure 17. Graph of Deformation Value in 2 Model

After obtaining the results of stress calculations using finite element-based software, it was found that the maximum
stress was on the side of the ship that hit the jetty that was not equipped with fenders with a speed variation of 2 m/s. The
maximum stress obtained from each model is then compared with the ultimate stress, the material yields according to the
material certificate based on BKI Vol V 2019 Sec 4 B 6.5 as shown in Table 4 and Table 5 as follows.

Table 4. Comparison of Model 1 Maximum Stress with Ultimate Stress and Yield Stress

Velocity . . Yield Stress
.. Maximum Ultimate . §
Variation Stress (Mpa) Stress (Mpa) Material Stress Status
(m/s) (Mpa)
0.5 37914 440 355 Accepted
1 77.255 440 335 Accepted
2 164.41 440 335 Accepted

Table 5. Comparison of Model 2 Maximum Stress with Ultimate Stress and Yield Stress

Velocity Maximum Ultimate Yield Stress
Variation Stress (Mpa) Stress (Mpa) Material Stress Status
(m/s) (Mpa)
0.5 0.82138 440 355 Accepted
1 3.4595 440 335 Accepted
2 8.4501 440 335 Accepted

After obtaining the results of the calculation of deformation using finite element-based software and the maximum
stress in each model which is then compared with the allowable deformation based on IACS Recommendation No. 47,
we get Table 6 and Table 7 as follows,

Table 6. Deformation value on Model 1

Velocity Variation Deformation (mm) Deformation Limit Status
(m/s) (mm)
0.5 0.53011 8 Accepted
1 1.0594 8 Accepted
2 2.1184 8 Accepted
Table 7. Deformation value on Model 2
Velocity Variation Deformation (mm) Deformation Limit Status
(m/s) (mm)

0.5 0.36511 8 Accepted

1 0.7357 8 Accepted

2 1.4939 8 Accepted
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4. Conclusion

The conclusions obtained after conducting this research are as follows:

Damage to the ship's hull can be known based on the deformation value that has been obtained indicating that the
damage will increase with increasing ship speed. But if the jetty is equipped with or installed fenders, then the
damage can be reduced. With the deformation values in the model of the ship hitting a jetty that is not equipped
with fenders which are calculated at a speed of 0.5 m/s, 1m/s and 2m/s respectively, 0.53011 mm, 1.0594 mm, and
2.1184 mm. And the value of deformation on the model of the ship hitting a jetty equipped with fenders which is
calculated at a speed of 0.5 m/s, 1m/s and 2m/s respectively is 0.36511 mm, 0.7357 mm, and 1.4939 mm.

The calculated force values with velocities of 0.5 m/s, 1m/s and 2m/s respectively are 3.52 MN, 7.04 MN, and 14.07
MN. The stress value on the model ship hitting a jetty that is not equipped with a fender is calculated at a speed of
0.5 m/s, Im/s and 2m/s respectively of 37,914 MPa, 77,255 MPa, and 164.41 MPa. And the stress values on the model
ship hitting a jetty equipped with fenders are calculated at a speed of 0.5 m/s, 1m/s and 2m/s respectively at 0.82138
Mpa, 3.4595 Mpa, and 8.4501 Mpa.
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