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Abstract

The Steering and Sailing Rules of International Regulation for Preventing Collisions at Sea
now in use direct actions to avoid collision when two power-driven vessels are meeting on
reciprocal or nearly reciprocal courses so as to involve risk of collision. But these rules do not
refer to the minimum relative distances and safety relative distances between two vessels
when they should take such actions.

In this paper the ship’ s collision avoiding actions being analyzed from a viewpoint of ship
motions, the mathematical formulas to calculate such relative distances necessary for taking
actions to avoid collision were worked out.

The values of maneuvering indices being figured out through experiments of 20 actual ships
of small, medium, large and mammoth size and applied to calculating formulas, the minimum
relative distances and safety relative distances were calculated.

The main results were as follows.

1. It was confirmed that the criterion elements for collision avoiding actions in head-on
situation of two vessels shall be the minimum relative distances and safety relative distances
between them.

2. On the assumption that two vessels same in size and condition were approaching each
other in head-on situation, the minimum relative distance of small vessel (GT : 160~ 650¢ons)
was found to be about 4.7 times her own length, and those of medium (GT : 2,300~4,500tons),
large (GT : 15,000~62,000¢0ns) and mommoth (GT : 91,000~ 194,000tons) vessels were found
to be about 5.2 times, about 5.2 times and about 6.1 times their own lengths respectively.
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3. On the assumption that two vessels same in size and condition were approaching each

other in head-on situation, the safe relative distance of small vessel (GT : 160~650tons) was
found to be about 6.8 times her own length, and those of medium (GT : 2,300~4,500tons),
large (GT : 15,000~ 62,000tons) and mammoth (GT : 91,000~ 194,000tons) vessels were found
to be about 9.0 times, about 6.3 times, and about 8.0 times their own lengths respectively.

4. It is considered to be helpful for the satety of ship handling that the sufficient safe

relative distances for every vessels shall be more than about 12~14 times, which are 2 times

minimum relative distance, their own length on above assumption.
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Table 1. Particulars of experimental ships

1. HEme ¥8 9 XBAEf

21 A8 o] &3 160~650tonT 2T A 63,
2,300~4,500t0nF A 43, 1,500~6,200t0n
Z EA 53 2 91,000~ 194,000t0nF 2P A
53 % 203 Al@AY 85 P AJPZA L Table 1
9 Table 29} Zct.

2. BBmAE N REMER SHESE

APy e ZA 8L I ste) NPHE A
ARA I EA B8 22 Fol, 239 bzl o]
258 293 S WEA 52 249 2 AH
o MBS 71553, B8 Sz 45907}
2ol A W) A1 R FoAHE A, A5,
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2FAA5E ARE P NPARE ol &
3hed (8)(9) o o7 g o 2 AR

Ship’ s size Ex;}oeyrimental L B D GT ME Speed RPM
ship’ s name (m) (m) (m) (ton) (kt)

A 30.10 7.00 2.80 159.71 800 HP 10.0 820

B 34.00 6.60 2.85 160.38 750 PS 12.0 660

160~650ton C 43.15 7.00 3.25 244.0 1,000 PS 11.8 665

(Small) D 52.25 8.80 3.50 350.0 1,200 PS 12.0 380

E 37.00 8.00 3.70 435.0 1,200 PS 10.0 640

F 58.10 11.00 4.80 653.0 1,800 PS 14.7 240

G 81.63 13.60 9.20 2,275.70 3,600 HP 12.0 235

2300~4500ton H 98.00 14.50 9.50 3,492.0 3,800 HP 16.6 230

(Medium) I 92.00 14.30 9.30 3,500.0 3,700 HP 14.0 220

J 93.00 14.30 7.35 3,700.0 3,750 HP 12.0 225

K 133.00 18.60 10.40 15,160.0 2,200 SHP 14.5 120

15,000~62,000¢0n L 154.00 19.60 12.50 16,000.0 21,000 SHP 14.0 110

(Large) M 157.00 20.00 11.80 20,583.0 23,000 SHP 13.8 125

N 150.00 20.50 12.90 22,000.0 22,000 SHP 15.5 120

(o} 250.00 40.00 22.00 62,189.0 24,000 SHP 16.0 110

P 280.00 47.00 35.00 91,098.0 27,000 SHP 145 90

91,000~ 194,000¢t0n Q 295.00 47.40 24.80  101,235.0 28,000 SHP 16.0 90

(Mammoth) R 344.40 51.80 26.50 138,764.0 36,000 SHP 16.0 85

S 276.00 43.00 22.20  162,200.0 37,000 SHP 16.5 80

T 280.00 47.00 35.00 194,639.0 3,800 SHP 14.5 80
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Table 2. Trial condition of experimental ships

Experimental F.d Ad Disp Wind direction

ship’ s name (m) m) (ton) VSBY ) Wind force
A 1.6 34 290 Fair 315 1
B 1.20 2.80 320 Fair 045 1
C 1.69 3.81 480 Fair 135 2
D 1.95 3.50 680 Fair 225 1
E 1.63 3.85 576 Fair 030 2
F 2.80 3.60 1,027 Fair 330 2
G 3.20 5.60 1,933 Fair 200 2
H 3.05 5.60 3,450 Fair 250 3
1 3.10 5.70 5,320 Fair 290 2
J 3.15 5.68 4,925 Fair 300 2
K 6.85 7.20 31,000 Fair 295 2
L 6.70 7.10 30,895 Fair 310 2
M 7.02 7.75 39,872 Fair 225 1
N 7.10 7.90 41,000 Fair 260 2
(o] 7.25 3.33 115,281 Fair 265 2
P 18.62 17.10 174,639 Fair 220 2
Q 16.80 17.64 191,264 Fair 045 3
R 8.30 9.40 198,592 Fair 023 -3
S 15.80 16.68 298,245 Fair 300 3
T 14.90 15.50 368,620 Fair 285 3
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httseayt

AP A 203 9] 30°ZA1 A 2FAAAF K Table 3. Calculated maneuvering indices K and T

2 Te] AArA & Table 3, Table 4, Table 5 2 of experimental ships(160~650ton)
Table 63} Z+t}. Experimental  , 5 o p g F
ship’ s name
K 0.147 0.145 0.152 0.13 0.09 0.093
T 418 45 50 124 50 39
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Table 4. Calculated maneuvering indices K and T
of experimental ships(2,300~4,500f0n)

Experimental

ship’ s name G H I J
K 0.055 0.042 0.05 0.04
T 7.0 6.0 10 1.2

Table 5. Calculated maneuvering indices K and T
of experimental ships(15,000~62,000tor)

Experimental
ship’ s name L M N 0
K 0.09 0.07 0.09 0.08 0.02
T 28.6 26.6 27.0 25.1 27.0

Table 6. Calculated maneuvering indices K and T

of experimental ships(91,000~194,0600¢t0n)

Experimental P Q R S T
ship’ s name
K 0.02 0.018 0.027 0.04 0.03
T 250 430 530 618 67.0
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¥ ZEAASE ol g3t (A 2 B)A ] 98
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AANPANADE 28 E AADo] 9
of 4.70) 2% U AN M & RpH Dol o 5.2
W, ZRYHANNE o 6.1 A 7PFA Mt
o] 242 o7t ZrlHE AFL Yehidd. &
ol 59 HFEL < 5.3u 7} Hrt

4. B

£%,%5%, 08 2 208 A 9459 ZA Y
N 78 ZEYA 58 o] 43t (DA &3t gt

Table 7. Minimum relative distances experimental ships of small size(160~850ton)

Experimental L B Disp K T t: t R v So M.R. Dist DL M- DL
ship’s name (m) (m) (ton) (I/sec) (sec) (sec) (sec) (m) (m/sec) ()  (Dw)(m) - -

A 30 7 290 0.147 4.18 7 7.7 66 5.1 30 152 5.0

B 34 36 320 0.145 4.5 6 7.1 82 6.2 30 177 52

C 43 7 480 0.152 5 6 8.2 77 6.1 30 191 44 4.7

D 52.8 88 680 0.13 1.24 9 9.8 91 6.2 30 184 35

E 37 8 576 0.09 5.0 7 10.1 108 5.1 30 186 5.0

F 58 11 1,027 0.09 3.9 10 10.2 161 7.6 30 284 4.8

M.Dy/L : Mean values of D, /L

Table 8. Minimum relative distances experimental ships of medium size(2,300~4,500t0on)

Experimental L B Disp K T t1 t R \" 8% MR.Dist D./L M- DL
ship’ s name (m) (m) (ton) (I/sec) (sec) (sec) (sec) (m) (misec) (°) (D) (m) b h
G 82 14 1,933 0.055 7 24 17.1 215 6.2 30 439 54
H 98 145 3450 0.042 6 13 16.0 386 8.5 30 379 4.9 5.2
1 92 14.3 5,320 0.05 10 14 16.7 275 7.2 30 378 5.2
J 93 143 4925 0.04 12 18 199 296 6.2 30 500 5.3

M.Dy/L : Mean values of D,/L

Table 9. Minimum relative distances experimental ships of large size(15,000~62,000f0n)

Experimental L B Disp K T t t R \% & MR.Dist DL M - D/l
ship’ s name (m) (m) (ton) (I/sec) (sec) (sec) (sec) (m) (misec) (°) (D) (m) b

K 133 186 31,000 0.09 28.6 13 184 169 7.5 30 770 58

L 154 19.6 30,895 0.07 26.6 13 226 196 72 30 765 5.0

M 157 20.0 39,872 0.09 27.0 15 22,0 148 7.0 30 738 4.9 5.2

N 150 20.5 41,000 0.08 25.1 14 199 190 8.0 30 795 5.3

(6] 250 40 115,281 0.02 27.0 15 40.7 782 83 30 1212 4.8
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Fig. 6. Distribution of the ratios, minimum relative
distances to lengthes(Dm/L) of experimental
ships.

note 1) ® : Dm/L of experimental ships of small size.

2) A : Dm/L of experimental ships of midium size.
3) + : Dm/L of experimental ships of large size.

4) B : Dm/L of experimental ships of mammoth size.
5) O : Mean values of Dm/L.

6) -- : Mean values of total Dm/L.

Table 10. Minimam relative distances experimental ships of mammoth size(91,000~194,000fon)

Experimental L B Disp K T t; t R v & M.R. Dist DL M - DL
ship' sname (m) (m) (ton) (I/sec) (sec) (sec) (sec) (m) (mfsec) () (Dm)(m) w
P 280 47 174,639 0.02 25 16 478 1715 75 30 1181 4.2
Q 295 47.4 191,264 0.018 102 15 473 869 8.2 30 2545 8.6
R 344 52 139,192 0.027 53 15 479 580 8.2 30 1719 5.0 6.1
S 276 43 298,245 0.04 618 16 364 401 8.4 30 1726 6.3
T 280 47 368,620 0.03 67 17 434 477 75 30 1733 6.2
Table 11. Safety relative distances of experimental ships of small size(160~650fon)
Experimental L T+1/2t; K & \' ¢ Ds
Ds. M-
ship’ s name (m) (sec) (1/sec) (rad) (m/sec) (° /sec) (m) Ds/L
A 30.0 7.68 0.147 0.524 5.1 441 210.76 7.0
B 34.0 7.50 0.145 0.524 6.2 4.35 256.20 75
C 43.0 8.00 0.152 0.524 6.1 4.56 250.80 58 6.8
D 52.3 5.74 0.130 0.524 6.2 3.90 253.20 4.8
E 37.0 8.50 0.090 0.524 5.1 2.70 303.00 8.1
F 58.0 8.90 0.090 0.524 7.6 2.70 457.50 7.8
Table 12. Safety relative distances of experimental ships of medium size(2,300~4,500fon)
Experimental L T+1/2t; K & \'/ ¢ Ds
Ds/L. M -Ds/L
ship’ s name (m) (sec) (1/sec) (rad) (m/sec) (°/sec) (m)
G 82 19.0 0.055 0.524 6.2 1.65 666.0 8.1
H 98 12.5 0.042 0.524 8.5 1.26 984.9 10.0 9.0
I 92 17.0 0.050 0.524 7.2 1.50 7944 8.6
J 93 21.0 0.040 0.524 6.2 1.20 852.0 9.2
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Table 13. Safety relative distances of experimental ships of large size(15,000~62,000¢0n)

BN O] BATRMAEEERY BHIE € 2 fIAC 23 HE

Experimental L T+1/2t, K & v ] Ds
Ds/.. M-Ds/L
ship’ s name (m) (sec) (1/sec) (rad) (misec)  (°/sec) (m)
K 133 35.1 0.09 0.524 7.5 2.7 844.6 6.4
L 154 33.1 0.07 0.524 7.2 2.1 869.2 5.6
M 157 345 0.09 0.524 7.0 2.7 780.0 5.0 6.3
N 150 32.1 0.08 0.524 8.0 24 895.2 6.0
(8] 250 34.5 0.02 0.524 8.2 0.6 2131.0 8.5
Table 14. Safety relative distances of experimental ships of mammoth size(91,000~194,000t0n)
Experimental L T+1/2t; K & v ¢ Ds
Ds/L. M :Ds/L
ship’ s name (m) (sec) (1/sec) (rad) (m/sec) (°/sec) (m) s/
P 280 33 0.02 0.524 7.5 0.6 1926.2 6.9
Q 295 109.5 0.018 0.524 8.2 0.54 3534.6 12.0
R 344 60.5 0.027 0.524 8.2 0.81 2151.4 6.3 8.0
S 276 69.8 0.04 0.524 8.4 1.2 1974.1 7.2
T 280 75.5 0.03 0.524 75 0.9 2086.7 7.5
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Fig. 7. Distribution of the ratios, minimum relative
distances to lengthes(Ds/L) of experimental
ships.

note 1) @ : Ds/L of experimental ships of small size.

2) A : Ds/L of experimental ships of midium size.
3) + : Ds/L of experimental ships of large size.

4) B : Ds/L of experimental ships of mammoth size.
5) O : Mean values of Dm/L.

6) -- : Mean values of total Dm/L.
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