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Synopsis

The Port and Harbor Bureau of the Ministry of Land, Infrastructure, Transport and Tourism currently
studies how to improve security of harborage. However, Standards for Port and Harbour in Japan (2020)
does not discuss the design system of mooring facilities for harborage at tsunamis. Therefore, we evaluated
rough setting methods of ship tractive force to consider harborage security in tsunami impacts.

This document presents the results of a questionnaire survey on mooring methods for tsunami impact and
the maximum number of mooring ropes to be hung from a single bollard when a tsunami strikes in order to
evaluate the towing capacity of a ship during a tsunami. In addition, we consider changes of the minimum
breaking load of mooring ropes based on the revised SOLAS Convention scheduled for 2024. Based on the
results of these studies, the ship tractive force at the time of a tsunami impact was estimated by multiplying
the number of mooring ropes per bollard by the minimum breaking load of the mooring ropes. The
relationship between this estimated tractive force and the standard values of the ship tractive force of a
vessel acting on a bollard in port standards is then compared.

The questionnaire survey revealed that the number of mooring ropes that are expected to be hung from a
single bollard when a tsunami strike is approximately two to four cables. The estimated tractive force at the
time of a tsunami impact with four mooring ropes attached to bollards often exceeded the standard ship
tractive force acting on the bollards for vessels with a large side projected area, ranging from 1.4 to 6.7

times for container vessels.
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i T i 358: 010 FRA D
BERS &/ E /MR E

B2 LT kN kN

Al 50 70 34 37

A2 70 90 37 40

A3 90 110 39 42

A4 110 130 44 48

A5 130 150 49 53

Bl 150 175 54 59

B2 175 205 59 64

B3 205 240 64 69

B4 240 280 69 75

B5 280 320 74 80

Cl 320 360 78 85

2 360 400 88 96

a3 400 450 98 107

c4 450 500 108 117

Cs 500 550 123 134

DI 550 600 132 143

D2 600 660 147 160

D3 660 720 157 171

D4 720 780 172 187

D5 780 840 186 202

El 840 910 201 218

E2 910 980 216 235

E3 980 1,060 230 250

E4 1,060 1,140 250 272

E5 1,140 1,220 270 293

F1 1,220 1,300 284 309

F2 1,300 1,390 309 336

F3 1,390 1,480 324 352

F4 1,480 1,570 324 352

F5 1,570 1,670 333 362

Gl 1,670 1,790 353 384

@ 1,790 1,930 378 411

HERFR A - 2,080

@& 1,930 S48 - 2000 402 37

G4 2,080 2,230 422 =

G5 2,230 2,380 451 .

Hl 2,380 2,530 480 =

H2 2,530 2,700 480 -

H3 2,700 2,870 490 s

H4 2,870 3,040 500 s

H5 3,040 3,210 520 .

J1 3,210 3,400 554 =

2 3,400 3,600 588 -

J3 3,600 3,800 618 -

4 3,800 4,000 647 s

J5 4,000 4,200 647 .

Kl 4200 4,400 657 =

K2 4,400 4,600 667 -

K3 4,600 4,800 677 -

K4 4,800 5,000 686 s

K5 5,000 5,200 686 .

L1 5,200 5,500 696 =

L2 5,500 5,800 706 =

L3 5,800 6,100 706 -

L4 6,100 6,500 716 s

L5 6,500 6,900 726 .

Ml 6,900 7,400 726 =

M2 7,400 7,900 726 =

M3 7,900 8,400 735 -

M4 8,400 8,900 735 s

M5 8,900 9,400 735 .

N1 9,400 10,000 735 =

N2 10,000 10,700 735 =

N3 10,700 11,500 735 -

N4 11,500 12,400 735 -

N5 12,400 13,400 735 .

01 13,400 14,600 735 =

02 14,600 16,000 735 =
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KB D ARAE OREE 2 EVEDR 72 D 2 fE BRI D i
RN RICm <, A%, MRMEZ217T 5 BaiEt

U — DI OIEIZ B W TR S| ) SRRSO LA
B RIZ 72 - 7= 513100,000GT Th o 7=, LA - T,

100,000GT D #2342 8 E 41 5 1,000kNTY 4% i A 13 3 1

DERENENEZZOND.

=-4.2(a) FEWCRERFOMEES OB TR (MBLX2)
MBL*2_(fRBF2E)
oT = VT = 2Uh— Jry— REM
E5IN [mEzEsin i BEES N i WEE N B WEESN B WEES A .
(kN) (kN) (KN) (kN) (kN)
200 150 106 0.71 128 0.85 128 0.85 118 0.79 96 0.64
500 150 150 1.00 160 1.07 160 1.07 150 1.00 138 0.92
1,000 250 192 0.77 234 0.94 214 0.86 214 0.86 170 0.68
2,000 250 286 1.14 342 1.37 320 1.28 320 1.28 234 0.94
3,000 350 374 1.07 436 1.25 404 1.15 404 1.15 320 091
5,000 350 500 143 544 1.55 544 1.55 500 1.43 436 1.25
10,000 500 724 1.45 768 1.54 724 1.45 724 1.45 618 1.24
20,000 700 1,838 2.63 1,270 1.81 1,218 1.74 1,749 2.50 874 1.25
50,000 1,000 2,541 2.54 1,618 1.62 1,550 1.55 - - 1,968 1.97
100,000 1,000 3,349 3.35 2,017 2.02 1,937 1.94 - - 2,746 2.75
120,000 1,500 3,615 241 2,148 1.43 2,065 1.38 - - 3,020 2.01
150,000 1,500 3,978 2.65 2,326 1.55 2,240 1.49 - - 3,406 227
170,000 2,000 4,200 2.10 2,436 1.22 2,348 1.17 - - 3,650 1.83
200,000 2,000 4,512 2.26 2,589 1.29 2,500 1.25 - - - -
R-4.2(b) HEPFCREREOMRES O ERKE (MBLX3)
MBL*3_(fREF3%)
GT = aUTAMm s 2o h— Jx)— REM
#3lh [mEzEsn W |EEESD W |EEESR L |EEESD L |EEES "
(kN) (kN) (KN) (kN) (kN)
200 150 159 1.06 192 1.28 192 1.28 177 1.18 144 0.96
500 150 225 1.50 240 1.60 240 1.60 225 1.50 207 1.38
1,000 250 288 1.15 351 1.40 321 1.28 321 1.28 255 1.02
2,000 250 429 1.72 513 2.05 480 1.92 480 1.92 351 1.40
3,000 350 561 1.60 654 1.87 606 1.73 606 1.73 480 1.37
5,000 350 750 2.14 816 2.33 816 2.33 750 2.14 654 1.87
10,000 500 1,086 2.17 1,152 2.30 1,086 2.17 1,086 2.17 927 1.85
20,000 700 2,757 3.94 1,906 2.72 1,827 2.61 2,624 3.75 1,311 1.87
50,000 1,000 3,812 3.81 2,428 243 2,325 2.33 - - 2,952 2.95
100,000 1,000 5,024 5.02 3,026 3.03 2,905 291 - - 4,118 4.12
120,000 1,500 5,423 3.62 3,222 2.15 3,098 2.07 - - 4,530 3.02
150,000 1,500 5,967 3.98 3,489 2.33 3,361 2.24 - - 5,109 341
170,000 2,000 6,301 3.15 3,653 1.83 3,522 1.76 - - 5,475 2.74
200,000 2,000 6,768 3.38 3,883 1.94 3,750 1.87 - - - -
R-4.2(c) HERCKEREOBMR ES O ERRKFE (MBLX4)
MBL4_(REFRIE)
GT = QT = 2 h— Jz)— REM
E31N [mEEsh Ly |EEESD L |EEESR L |EEESR L |EEER S B
(kN) (kN) (kN) (kN) (kN)
200 150 212 1.41 256 1.71 256 1.71 236 1.57 192 1.28
500 150 300 2.00 320 2.13 320 2.13 300 2.00 276 1.84
1,000 250 384 1.54 468 1.87 428 1.71 428 1.71 340 1.36
2,000 250 572 2.29 684 2.74 640 2.56 640 2.56 468 1.87
3,000 350 748 2.14 872 2.49 808 2.31 808 2.31 640 1.83
5,000 350 1,000 2.86 1,088 3.11 1,088 3.11 1,000 2.86 872 2.49
10,000 500 1,448 2.90 1,536 3.07 1,448 2.90 1,448 2.90 1,236 2.47
20,000 700 3,676 5.25 2,541 3.63 2,436 3.48 3,498 5.00 1,748 2.50
50,000 1,000 5,082 5.08 3,237 3.24 3,100 3.10 - - 3,936 3.94
100,000 1,000 6,699 6.70 4,034 4.03 3,874 3.87 - - 5,491 5.49
120,000 1,500 7,231 482 4,296 2.86 4,130 2.75 - - 6,040 4.03
150,000 1,500 7,956 5.30 4,652 3.10 4,481 2.99 - - 6,812 4.54
170,000 2,000 8,401 4.20 4,871 2.44 4,697 2.35 - - 7,300 3.65
200,000 2,000 9,024 451 5,177 2.59 5,000 2.50 - - - -
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