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Vessels utilize anchoring systems to prevent collisions and other hazards, to maintain their position, to minimize movement, and

to anchor safely, Among these systems, the bell-mouth is a key component that keeps the anchor stored safely without touching

the hull, It is typically manufactured as a cast steel product using a mold, However, due to its complex shape, size discrepancies

can occur between the design and the produced product, which can lead to problems when using the anchor, These issues increase

both costs and safety risks, as they often require the re—production of the bell-mouth or necessitate field workers to perform

dangerous modifications at height, This study aims to examine the feasibility of applying the semi—pocket type anchoring system

as a replacement for the conventional bell-mouth type anchoring system on a Suezmax crude oil tanker, To apply this system

the bow structure of the existing vessel was redesigned, and mock—up tests were conducted to identify potential operational issues,

Subsequently, structural strength evaluations were performed by applying the Minimum Breaking Load (MBL) of the anchor chain,

confirming that the required strength criteria were satisfied, Through these steps, this study sought to verify the feasibility of applying

the semi—pocket type anchoring system to large vessels such as Suezmax crude oil tankers,
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Fig. 1 Suezmax crude oil tanker (Daehan sﬁip building
Co., Ltd, 2004)
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Fig. 2 Main structure of the bell-mouth anchoring system
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Fig. 3 Operational issues of bell-mouth anchoring system
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Fig. 4 Structural strength evaluation flowchart of bow
section with semi—pocket type anchoring system
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system
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Fig. 7 Types of stockless anchors

Table 1 Applicable anchoring systems

Anchor type Applicable anchoring system

JIS stockless Bell-mouth, bolster

Spek stockless On-deck, pocket, semi—pocket

On-deck, bell-mouth, pocket,

H.H.P stockless semi—pocket, bolster

Stud chain

i (High Holding Power)
H.H.
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(c) Anchor chock and stopper mock up

(d) Semi—pocket type anchoring system mock up

Fig. 9 Assembly of the bow section mock up with a semi-pocket type anchoring system applied
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(c) Storage check of anchor

Fig. 10 Results of semi—pocket type anchoring system
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(a) FE model of the ship bow section

(b) FE model of the semi—pocket type anchoring system
Fig. 11 FE model of the ship bow section with the semi-
pocket type anchoring system applied
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Section. 105
(a) Structure of the ship bow with the applied
semi—pocket type anchoring system

Stopper

Reinforcement member of guide bar

Guide bar

Lo

Reinforcement member of bolster

Bolster
(b) Structure of the semi—pocket type anchoring system
Fig. 12 Main structures of the semi—pocket type anchoring
system

Table 2 Dimension and properties information of the
semi—pocket type anchoring system

Structural members Material Thickness

Chock 20mm
A grade
Stopper 20mm
Section. 101 20mm
Section. 105 30mm
Bolster 70mm
Guide bar 40mm
Relrr:;);:t)eg:ent AH32 30mm
Reinforcement 60mm
member of bolster
Reinforcement 15mm
member of guide bar

2[51%cf
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Table 3 Material properties
Properties A grade AH32 é 40mm
Young’s modulus(GPa) 206 206 5
Poisson’s ratio 0.3 0.3 § M £
Tensile strength(MPa) 400~520 440~570 c 8
Yeild strength(MPa) 235 315 1 (A

f—.* I s
Fig. 13 Boundary condition

Table 4 Information of anchor chain load

Diameter Grade 3
Proof load | Breaking load| Design load
97mm
4,680 kN 6,690 kN 5,352 kN

14(p)e| F 78| FE 7Hdsict

ool w2} &2 37ollME Fig. 152 2ol & J7HX| Z=Z4ol| CHal
db et W A|AEIS| S1F A2 fXE MFSINCE Fig.
15(a)= Y7 Aol 7 37t EAH HEE =HS LIER
of, MPC(Multi Point Constraint)2 AR50 379 &4 =
(dependent node)2t 1712 =& T=(independent node)E A
Halal, & 11702] o5 =712 MMsIICE Fig. 15(b)= YH7t
M| ohRof mpX|E 35t =AS LIERD, B A7l ALESt &

Anchoring

(a) Anchor operating condition

L
1
]

582mm

(a) 3 Chain links load application location

40mm

291mm

1358mm

243mm

582mm

)

(b) Ultimate load application location
Fig. 15 Loading cases of the semi—pocket type anchoring
system

Table 5 Total loading cases of the semi—pocket type
anchoring system based on application location

Loading case for
ultimate load

Bolster-01-ULT
Bolster-02-ULT
Bolster-03-ULT
Bolster-04-ULT
Bolster-05-ULT
Bolster-06—-ULT
Bolster—-07-ULT
Bolster-08-ULT
Bolster-09-ULT
Bolster—-10-ULT
Bolster—-11-ULT

Loading case for
3 chain links

Bolster—01-3CL
Bolster—02-3CL
Bolster—03-3CL
Bolster—04-3CL
Bolster—05-3CL
Bolster—06-3CL
Bolster—07-3CL
Bolster—08-3CL
Bolster—09-3CL
Guild bar-10-3CL
Guild bar—11-3CL

22742 315 =2 Table 50l M2l
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ch 5152 71Ee2 F 7| 29 =A(Fig. 14) 718 227K

515 ZA(Fig. 15)0l Ciet TxsiME $AFIHCE FxaAl2

(b) Operation under ultimate cnditi Meb xsiM ME Z2a#QI SeaTrust-HullScans £-25107
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Table 6 Material factors

Material Yield stress Factor
Mild steel 235 MPa 1.00
AH 32 315 MPa 0.78

Table 7 Fine mesh yielding stresses

Material Element not adjacent | Element adjacent
to weld factor to weld factor
Mild steel 319.600MPa 282.000MPa
AH 32 409.744MPa 361.539MPa

T 7|zl w2l 7= oMM S mElsiQit &S AT IACS At
MalEM ¥ REME Qg 38 7= #EACS, 2024)2] Fine
mesh vyielding criteriag 7[2t22 4| (1), (2), (3), (4)2} Table 6
ol 20ix|= ME Al<=(material factors)E &-E35104 2‘57 a3
M AHSIHCO, Table 70 2oiX|= &t UEE =2
PRI} 7| =02 ARRSISIC

rﬁ_|
E

oy =Ry X, (1)

R, = 235MPa / Material factor )

v, = Element adjacent to weld factor
Static = 1.20 (3)

v, = Element not adjacent to weld factor
Static = 1.36 (4)

(a) Analysis results(Bolster-03—-3CL) of the maximum
stress load application of 3 chain links

Element Stress
Von Mises (N/mm~J
348.933

319.857

290.781

261.705

232629
203.553
174.477
145.401
116.325
87.250

58.174

29.098

0022 g I

(b) Analysis results of the ultimate load
application location

319855
200778
261700
22623
203545
174468
145390
16313
87235

58158

29.080

s |,
(c) Analysis results(Bolster—-11-ULT) of the maximum
stress at the bow section with the semi
pocket type anchoring system

Element Deformation
Displacement (mm)
8.601

7.806
7.012
6.217
5.422
4627
3833
3.038
2.243
1.448

0.654
L» ®

(d) Analysis results(Bolster-01-ULT) of the maximum
deformation at the bow section with the
semi—pocket type anchoring system
Fig. 16 Analysis results of bow section with the semi—

pocket type anchoring system
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Area: 20842 mm'2 /

Thickness: 20,0 mm

Corrosion: 0.0 mm
A

(a) Analysis results(Guld barr—11-3CL) of the maximum
stress point at the guide bar load application location

Element Deformation
Displacement (mm)

4.894
H 4.471
4.049

3.626
3.203
2.780
2.358

1.935

1.512
I 1.089
z
0.667 “4» x !‘

(b) Analysis results(Guld bar—10-3CL) of the maximum
deformation point at the guide bar load
application location

Fig. 17 Analysis results of guide bar

Table 8 Analysis results of the bow section with the semi
pocket type anchoring system at the 3 chain links
load application location

Loading case Max.stress | Deformation Result
(MPa) (mm)
Bolster-01-3CL 262.280 5.665 OK
Bolster-02-3CL 194.341 4.928 oK
Bolster-03-3CL 263.588 4.934 OK
Bolster-04-3CL 187.566 4.898 oK
Bolster-05-3CL 234.579 4.815 OK
Bolster-06-3CL 190.755 4.769 oK
Bolster-07-3CL 246.761 4.658 oK
Bolster-08-3CL 188.384 4.823 OK
Bolster-09-3CL 251.576 5.336 OK
Guld bar-10-3CL | 225.161 4.894 OK
Guld barr-11-3CL | 253.960 4.385 oK
4. 2 E

Table 9 Analysis results of the bow section with the semi
pocket type anchoring system at the ultimate load
application location

Loading case Max.stress | Deformation Result
(MPa) (mm)
Bolster-01-ULT 335.495 8.601 OK
Bolster-02—-ULT 289.638 7.989 OK
Bolster-03-ULT 338.190 7.283 OK
Bolster-04-ULT 272.039 6.928 OK
Bolster-05-ULT 335.930 6.022 oK
Bolster-06—ULT 251.778 6.425 OK
Bolster-07-ULT 337.329 5.214 OK
Bolster-08—ULT 261.820 6.373 OK
Bolster-09-ULT 334.204 5.323 oK
Bolster—10-ULT 320.785 6.685 OK
Bolster—11-ULT 348.933 5.850 oK
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