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Abstract - In this paper, damaged stability of a Vietnamese wooden fishing boat is analyzed by a set of Theory in Register and by using the Autoship program. The purpose of this study is to optimize the distance between bulkheads to ensure the safety of the ship and also improve the economic efficiency. The authors use the Autoship program to simulate the 3D model of the ship and its positions in cases of the its water flooded one or more compartments. In this study, we mostly use the Added Weight Method to define the position, the change of draft, the change of trim, the heeling and the change of stability of the ship.
Key words - damaged stability; wooden fishing boat; Autoship; added weight method; watertight bulkhead.
Introduction
[bookmark: _GoBack]Studying of damaged stability of ships in Vietnam has not been properly concerned with. In addition, the building process of fishing boats is mostly based on experience though wooden fishing boats play a big role in the marine economy in our country because of their popularity and low cost. In recent years, there have been many serious seagoing accidents involved in wooden fishing boats that affect the lives and property of fishermen. This topic focuses on the study of damaged stability of wooden fishing boats and offers recommendations to increase the safety of ships, minimizing accidents caused by sinking at sea.
Approach and methods
A ship is said to be in a state of equilibrium when the resultant of all forces acting on it is zero and the resultant moment of the forces is also zero [1]. There are two methods that evaluate the equilibrium conditions of the ship:
Lost Buoyancy Method [2, 3]: This method assumes that the damaged compartment does not contribute to the total buoyancy of the ship. Hence, the ship loses a part of its water-plane, and its buoyancy, therefore reducing stability. This method is easier to use but the results obtained from this method are slightly less accurate than from the other methods.
Added weight method [2, 3]: The added weight method considers the flood water to be a weight added to a certain point in the ship. The problem is solved like a traditional weight addition case, and the trim and drafts are calculated over a set of iterations. Though this process is time-consuming, it provides more accurate results.
Based on this analysis, in this study, we mostly use the Added Weight Method to simulate the positions of flooding ship. 
Input data of the wooden fishing boat in Da Nang is used in this study:
Table 1. Input data of the wooden fishing boat
	No.
	Parameters
	Value
	Unit

	1
	L
	17.7
	(m)

	2
	B
	6
	(m)

	3
	d
	1.94
	(m)

	4
	H
	2.75
	(m)

	5
	α(CW)
	0.92
	-

	6
	β(CM)
	0.92
	-

	7
	δ(CB)
	0.72
	-

	8
	φ(CP)
	0.78
	-

	9
	L/B
	2.95
	-

	10
	B/d
	3.09
	-

	11
	B/H
	2.18
	-

	12
	Δ
	152.66
	(T)

	13
	
	148.94
	 (m3)

	14
	XC
	0.063
	(m)


3D model simulation of the ship on Autoship program:
[image: ]
Figure 1. 3D model of the ship
[image: ]
Figure 2. 3D model of the ship with superstructure
The calculation is done in some cases listed in Register [4].
Fully flooded one or more compartments
In this case, the problem can be solved like a solid weight added to a certain point on the ship. 
Case 1: The fish hold No.1 is flooded
Determining the position of the ship by theory
The ship is at the condition when the consumables (provisions, potable water, and fuel) are at 100% full load. 
· Displacement: D = 152.06 (T)
· 
· 
· Draft at this condition: d = 1.94(m)
· Moment to change Trim 1cm 

From Hydrostatic curves:
·  Center of water-lane: 
· Meta-center height: 
· Long meta-center height: 
Parameters of the fish hold:
· Volume of the compartment: 
· Position of center of Gravity of the Compartment:

Based on theory:
· The weight of water considers the weight added to the ship:

· Change of draft [5,6]:

· Change of meta-center height [5,6]: 




· Change of longitudinal meta-center height [5, 6]: 
Angle of trim [5, 6]:

· Change of draft forward:

· Change of draft aft:

Using Autoship program to determine the position of the ship [7]
[image: ]
Figure 3. Position of ship with fish hold 1 flooded
Result comparison
Table 2. Comparison of the results of using Theory and AutoShip program
	Change of draft
	Based on theory
	By AutoShip program
	Deviation

	Aft
	
	
	2.7%

	Forward
	
	
	10%


Case 2: Fish hold No.2 is flooded
Determining the position of the ship by theory
The ship is at the condition when:
- Consumables (provisions, potable water, and fuel) are at 10% full load;
- Cargo is at 100% capacity.
Input data:
· D = 142.504 (T)
· d = 1.82(m)
· 
· 
· 
· 
Results:
= 49.73 m


Using Autoship program to determine the position of the ship [7]
[image: ]
Figure 4. Position of the ship with the fish hold No.2 is flooded
Result comparison
Table 3. Comparison of the results of using Theory and AutoShip program
	Change of draft
	Based on theory
	By AutoShip program
	Deviation

	Aft
	
	
	1.3%

	Froward
	
	
	5.7%


Case 3: Freshwater tank is flooded
[image: ]
Figure 5. Position of ship with fresh water tank flooded
Case 4: Two fish holds are flooded
[image: ]
Figure 6. Position of the ship with two fish holds are flooded
Partially flooded one or more compartments
In this case, the phenomenon observed like adding a liquid weight to the ship, so the problem can be solved in the same way when a liquid weight is added to a certain point on the ship. 
If the compartment is only partially full, free surface effect will exist.
Case 1: Fish hold No.1 is flooded
The ship is at the condition as follows:
- Consumables are at 10% full load.
- Cargo is at 20% capacity.
- 70% ice.
Hypothetically, the ratio of the floodable volume to the total volume of the compartment (permeability of the compartment) equals 70%.

[image: ]
Figure 7. Position of the ship with the fish hold No.1 is
partially flooded
Case 2: Fish hold No.2 is flooded
The ship is at the condition as follows:
- Consumables are at 10% full load.
- Cargo is at 20% capacity.
- 70% ice.
Hypothetically, the ratio of the floodable volume to the total volume of the compartment (permeability of the compartment) equals 50%.
[image: ]
Figure 8. Position of the ship with the fish hold No.2 is
partially flooded
Case 3: Fish hold No.2 and the net hold are flooded
Hypothetically, the ratio of the floodable volume to the total volume of the compartment (permeability of the compartment) equals 50%.
[image: ]
Figure 9. Position of the ship with the fish hold 2 and the net hold are partially flooded



Building the floodable length curve of the wooden fishing boat [5, 6]
[image: ]
Figure 10. How to build the floodable length curve of a ship
· Curve 1: Transvers plane to the margin line;
· Curve 2: Intergrals of the curve 1;
· Curve 3: Maximum volume of each compartment;
· Curve 4: Floodable length curve.
[image: ]
Figure 11. Ship demands 1 compartment standard
[image: ]
Figure 12. Two compartments standard
Result discussion
- Due to the free surface effect, the case of partially flooded one or more compartments is more dangerous than the case of all fully flooded  compartments;
- According to the Figures 11 and 12, the ship will lose the stability if the compartments with the red color are fully flooded.
Conclusions
Based on the results of this research we can see:
- Autoship program can be used to calculate the position, the change of draft, change of trim, heeling and change of stability of the ship easily and fast;
- In this study, the authors use the Added Weight Method in 2 basic cases: with and without free surface effect;
- Deviations between Theory calculating and Autoship program are relatively small;
- The watertight bulkheads of Vietnamese wooden fishing boats are arranged inappropriately. As a result, it could lead to the unsafety of the ship exploitation.
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