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Abstract

Most of the domestic car ferries departing from Jeju Port in Korea were replaced through the construction of new ships or the
introduction of new used ships starting in 2018 after the Sewol Ferry accident. Amid this trend of ship replacement, the size of
passenger ship has also become larger than in the past to increase passenger sales and cargo transportation profits, but the passenger
ship berth configuration at Jeju Port have not improved significantly. In this study, the current status of passenger ships at Jeju Port
was investigated, and a mooring safety assessment was conducted on car ferries exceeding the design berth capacity of the pier.
Risk factors of the target ship were identified through mooring safety assessment. Through the sensitivity analysis of each
improvement plan, a plan to improve mooring configuration was proposed and its effect was confirmed. As a result, the in case of
Arion Jeju which is berthed at No. 2 pier, improvement plan scenario case 1 to 4 from the operator’s perspective did not secure the
mooring safety due to the problem of exceeding maximum traction force with the size of the mooring post. However in case of
scenario case 5 of the improvement plan through the additional installation of High Height Bitt, it was analyzed that a load of about
23% or less of the breaking strength of all lines acts on the mooring line and the load of 44% or less of the maximum traction force
of the mooring post acts that the mooring safety was evaluated to be secured. The results of this study are expected to be used as
reference materials for the establishment of safe passenger ship berth mooring configuration and the development of guidelines for
mooring a car ferry.
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Table 1. Replacement status of car ferry
. Before replacement After replacement
Name of Pier - - - -
Ship’s name LOA(m) Size(GT) Ship’s name LOA(m) Size(GT)

No.2 Pier Namhae Express Arion Jeju

(24 Berth) car ferry No.7 110 3,780 (Used) 145 6,266

No.4 Pier Goldsteller 21,989

(44 Berth) Goldsteller 189 15,188 (New) 160 (Int.)

No.6 Pier . Queen Mary

(62 Berth) Seastar cruise 185 15,089 (Used) 192 13,665

No.7 Pier New star

(71 Berth) Blue star 125 6,626 (Used) 163 9,997
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Fig. 1. Flow chart of the study
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Table 2. Facility status of passenger ship berth in Jeju Port

Name | Berth | Length | DesignDepth |  Capacity | Main ship
of Pier | No. (m) (m) (DWT - Ship) | for use
Governme
21 100 - 50(4) ot ship
P
No2 | 22 | 8 - 250(1) assshei‘l‘oger
Pier
(410m) | 23 | 105 6.0 3,000(1) | Passenger
> ship
2% | 120 6.5 3,000(1) | Passenger
ship
41-42 | 165 75 s000(1) | Tanker
ship
M.P.
Nod | 43 | 100 75 5.000D) | pygol ship
Pier
(605m) | 4445 | 180 8.0 8000(1) | Passenger
ship
46-47 | 160 6.0 30001) | Cargo
ship
Nog | 61 | 100 5.0 1,000(1) Passshei‘l‘oger
Pier
G0sm) | g | 205 8.0 10,0001) | Cargo
ship
No.7 Passenger
Pier |71-72| 195 11.0 20,000(1) i
(195m) P
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Table 3. Specifications of P.S. Arion Jeju

Category Description
Gross Tonnage 6,266 ton
L.O.A. 145 m
L.B.P. 132 m
Breadth 22m
Depth 1425m
Draft 54m
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Table 4. Mooring arrangement of P.S. Arion Jeju

Category Position Quantity Number
Breast 0
FWD Head 2 L1, L2
Mooring Spring 1 L3
Line Spring 2 L4,L5
AFT Stern 2 L6, L7
Breast 0
Bollard FWDb 2 AB
AFT 2 E,G
Fender ALL 7 aa~gg
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Table 5. Facility status of No. 24 berth

Category Description
Year of completion | 1977
Berthing Capacity | 1,000~3,000 DWT

Structure format Gravity type(Upper), Block type(Lower)
Length of berth 120m (No. 24 Berth)
Depth of berth 6.5m
Direction of berth | 300°

Table 6. Specifications of mooring condition for P.S. Arion Jeju

Category Description
Lin Type / Dia.(mm) | Polyester(pe) / 65
e

S.W.L(ton) 26.5 (MBL x 50%, OCIMFT 2018)
Interval(m) 20

Bollard
Max. Load(ton) |25
Type CV Type, 200H
Max. Load(ton) |40

Fender
Type Pneumatic Type, ©2000x3500L
Max. Load(ton) |95
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Table 7. Scenario of mooring safety for No. 24 berth

. Current Wave Wind
Scenario No. — - - — —
Speed Direction Height Period Direction Speed Direction

J2-1 22 All
E— 6.0sec

J2-2 30 All
— 0.5m

J2-3 22 All
—_— 8.0sec

12-4 30 All
— ] 0.1kts 210° 30°

12-5 22 All
E— 6.0sec

12-6 30 All
E— 1.0m

12-7 22 All
e 8.0sec

J2-8 30 All
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Table 8. Result of max. movement of P.S. Arion Jeju
Ship Cargo Surge Sway Heave Yaw Pitch Roll
Type Equip. (m) (m) (m) (°) (°) (°)
Ro-RO Side
Ferries Ramp 0.6 0.6 0.6 1 1 2
Case Motion 0.03 0.36 0.16 0.1 0.1 1.0
J2-1 Safety O O O O O O
Case Motion 0.03 0.36 0.16 0.1 0.1 1.0
122 Safety O O O O O O
Case Motion 0.04 0.62 0.76 0.1 0.1 2.6
123 Safety 0O X x O O x
Case Motion 0.04 0.62 0.76 0.1 0.1 2.6
J2-4 Safety O X x O o -
Case Motion 0.05 0.72 0.30 0.1 0.1 2.0
125 Safety O x O O O x
Case Motion 0.05 0.72 0.30 0.1 0.1 2.0
126 Safety O x O O O x
Case Motion 0.08 1.24 1.52 0.2 0.1 53
12-7 Safety 0O x x O O x
Case Motion 0.08 1.24 1.52 0.2 0.1 53
J2-8 Safety O x x O O x
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Table 9. Detail of improvement plan for P.S. Arion Jeju
Quantity of Mooring Line
Case Quality of Dia. FWD AFT
rope material of rope
Head Breast Spring Stern Breast Spring
1 Polyester 65mm 2 0 1 2 0 2
2 Polyester 65mm 1 0 1 1 0 1
3 Nylon 65mm 1 0 1 1 0 1
4 Nylon 80mm 1 0 1 1 0 1
5 Nylon 80mm 0 2 1 0 2 1
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Fig. 11. Result of all bearing load of mooring lines (case 1~4)
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Fig. 12. Modeling of case 5 improvement plan for P.S. Arion Jeju

B
1
o

Caseb5_Line Tension

|- = Criteria|

Load(ton)

5}
|

N
o
|

(A
S
1

N
o
|

a
o
L

Criteria

Load(ton)

T
I(+100t)

A(251) B(25t) E(25t) Gi25t)

Bollard No.

Hi+100t)

Fig. 14. Result of max. load of bollards & bitts

0.20m

Fig. 15. Effect of raising the height of bitt (case 5)

Table 10. Result of max. movement each improvement plan for P.S.
Arion Jeju

Ship | Cargo | Surge | Sway | Heave | Yaw | Pitch | Roll
Type | Equip. | (m) | (m) | m) | () | (9 | ()
Ho-RO0 &‘fp 06 | 06 | 06 | 1 | 1 | 2
Case 1 | Motion | 0.03 | 036 | 0.16 | 0.1 0.1 1.0
Case2 | Motion | 0.03 | 036 | 0.16 | 0.0 0.1 1.0
Case3 | Motion | 0.03 | 036 | 0.16 | 0.0 0.1 1.0
Case4 | Motion | 0.03 | 036 | 0.16 | 0.0 0.1 1.0
Case5 | Motion | 0.03 | 036 | 0.16 | 0.1 0.1 1.0
Work Safety @) @) @) O O O
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