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A Study on Plastic Deformation of Chock Stopper Equipped on
Submarine and its Improvement Verified using FEM
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Abstract This study presents a root cause analysis for plastic deformation of chock stopper equipped
on submarines. The improved design with more structural capacity was verified using the finite element
method. The chock stopper is subject to the tension of mooring ropes when a ship is moored at a pier.
The mechanical response of the chock stopper affects the mooring arrangement, including the number
of mooring ropes and configuration with the mooring bitt on the pier. A discrepancy was observed
between the concept of the mooring arrangement designed at the beginning of the project and the
actual operation later on. This difference overloaded the chock stopper than the design load and
subjected it to higher stress over its yield stress, which caused plastic deformation. More stiffeners were
applied, and the configuration of the chock stopper was improved to enhance the structural strength.
The material of some stiffeners was changed from DH36 steel to HY80 steel. The reliability of the
improved design of the chock stopper was verified using the finite element method. The discrepancy of
the concept between engineering at early and actual operation could cause significant problems. This

study would be useful for the engineering of mooring equipment on submarines.
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Hull Resistance Calculation when Moored
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[ Decision of Failure Strength of Mooring Rope ]
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[ Decision of Specification of Mooring Equipment ]

Fig. 1. Flow chart of basic design for mooring
equipment
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Fig. 2. External force on submarine when moored at
pier

Table 1. Wind and Current condition of Heavy Sea

Weather Condition Velocity
Wind(kts) 50
Current(kts) 3
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Table 2. Summary of External Force on Submarine
when Moored at Heavy Sea

Table 4. Specification of Nylon Ropes from BS
4928-2[4]

External Force

Diameter(mm) Breaking Strength(kN)

Longitudinal Resistance 0.2 kN 36 284
Transverse Resistance 1234.7 kN 40 353
Yaw Moment 2788.64 kN - m 44 422
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Fig. 3. Concept of mooring arrangement at pier at
basic design stage of submarine development
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Table 3. Tension Force of 6 Mooring Ropes when
Moored at Heavy Sea

No. of Mooring Rope
1 2 3 4 5 6

Tension Force

(kN) 325.0

341.51323.7 | 273.9 | 351.2 | 211.7
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(BSI, British Standards Institution) AlFEE 52
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Where, R,

chock in longitudinal and transverse direction

and £, denote reaction force of

respectively. 7%, denotes fracture strength of

mooring rope and € denotes angle of mooring

rope with longitudinal direction of hull
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Fig. 6. Result of structural analysis of chock support
and its foundation under maximum load in 90
degree direction
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Fig. 7. Typical mooring arrangement of commercial
ship
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Table 5. Chock Application in Various Submarine

Ship Name No. of Chocks
KSS-1/11/111 (KR) 2
Colins(AU) 2
Harushio(JP) 2
Oyashio(JP) 2
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=

ol QI8 & A% F k¥ A% B Fig. O3 2ol
Zgee] 23 FUFOR o Smm] AAEHo]

wgshsch

Fig. 9. Plastic deformation of chock support in
longitudinal direction of hull

Fig. 102 Fig. 89] Al ARZ=
gt ZolH, o] 230 54, 61l AFZEC]
A= At

Sea

i

Chock

Bollards

| Fender I
/
®

Pier

*F1=F2=353kN

Fig. 10. Schematic Diagram of mooring ropes'
operation practice
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Fig. 11. Result of structural analysis of chock support
and its foundation under maximum load in
90 degree direction
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Fig. 12. Isometric View of Original Design of Chock
Stopper(left) and Improved(right)
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Fig. 13. Result of structural analysis of chock support
and its foundation under maximum load
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