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Tractaive Force on Bollards and Storm Bitts

Isao FUKUDA*
Tadahiko YAGYU**

Synopsis

Bollards and storm bitts were standardized 10-years ago, critical load of mooring ropes was
fairly changed according to the revision of Rulls for Construction of steel ships. It is now possible
to caliculate the tractive force on a mooring post by a numerical simulation method. In this paper,
we examine required tractive force capacity for bollards and storm bitts using the results of simu-
lation study.

We also obtained information through questionnaires on the current problems concerned the
utilization of standard bollard and storm bitts.

* Member of the Design Standard Laboratory, Design Standard Division.
** Ex-Chief of the Design Standard Laboratory, Design Standard Division.
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ZHA KF kg| ke m m m m| m ks m ke
Al 50 70 |2 |1 180 | 60 | 220 14. | 12.5 80 |t 6,600(180|1t 10,000| 3| 80 |t 3, 500
A2 70 90 (2|1 240 | 80| 220 16. 14 85 7,500 | 180 | : 10,000 | 3| 100 |: 3,750
A3 90 110 |2 |1 300 | 100 | 247.5 | 17.5 | 16 85 8,300 (180 | : 10,000| 3 | 110 4, 000
Ad 110 130 |2 |1 360 | 120 | 247.5 | 19. 17.5 90 9,100 | 180°| : 10,000 | 3| 110 4, 500
AS 130 150 |2 |1 420 | 140 | 275 20.5| 17.5 90 | : 10,000 | 180 10,000 | 3| 120 5,000
B1| 150 175 |2 |1 480 | 165 | 275 22 19 90 [ 11,000 [ 180|: 10,000 3| 120 5,500
B2 175 205 (2|1 570 | 190 | 302.5 | 24 20.5 90 |} 12,000 | 180 (@ 11,400 3| 120 6, 000
B3 205 240 |3 660 302.5| 26 22 20.5 180|: 13,200 4 | 120 6, 500
B4 240 280 (3 780 330 28 24 22 180 15,300 | 4 | 120 7,000
B5 280 320 |3 900 357.5 | 30 26 24 180 |: 17,700 | 4 | 140 |} 7,500
C1 320 360 |3 1,020 357.5 | 32 28 24 180 |} 21,100 | 4 | 140 @ 8,000
c2 360 400 |3 1,140 385 34 30 26 180 |t 22,800 | 4| 140 |} 9,000
c3 400 450 |3 1,290 385 36 32 28 180 | : 25,500 | 4 | 140 10, 000
C4 450 500 |3 1, 440 412.5 | 38 34 30 180 28.200 | 4 | 140 11, 000
C5 500 550 |3 1, 590 412.5 | 40 34 30 190 | ;31,200 | 4| 160 |: 12, 500
D1 550 600 |3 1,740 440 42 36 32 190 @ 34,500 | 4 | 160 |: 13, 500
D2 600 660 |3 1,920 440 44 8 M 190 : 37,800 | 4| 160 [ 15, 000
D3 660 720 |3 2, 100 440 46 40 36 190 |: 41,400 | 4 | 160 | 16, 000
D4 720 780 |3 2, 280 467.5 | 48 42 36 190 | ¢ 45,000 | 4| 170 |} 17, 500
D5 780 840 |3 2, 460 467.5 | 50 44 38 190 |} 48,900 | 4 | 170 [ 19, 000
E1 810 910 |3 2, 640 467.5 | 52 46 40 190t 52,800 4] 170 20, 500
E2 910 980 |3 2, 850 495 54 48 42 190 |: 57,000 4| 170 22,000
E3 980 1,060 |3 3, 060 495 56 50 44 200 61,500 | 4 | 180 23, 500
E4| 1,060 1,140 {3 3, 300 495 58 50 46 200 66,000 { 4 | 180 25, 500
E5/| 1,140 1,220 |3 3, 540 522.5 | 60 52 46 200 70,500 | 4 | 180 27, 500
F1| 1,220 1,300 |3 3,780 522.5 | 62 54 48 200 75,300 4 | 180 29, 000
F2| 1,30 1,39 (3 4,050 522.5 | 64 56 50 200 80,100 | 4 | 180 31, 500
F3| 1,30 1,480 |3 4,320 550 66 58 50 200 |: 85 200| 4| 180 33,000
F4| 1,480 1,570 |3 4, 590 550 68 60 52 220 |© 90,600 5| 190 33,000
F5| 1,570 1,670 [3 4,890 550 70 62 54 220]: 96,000| 5| 190 |: 34,000
G1| 1,600 1,790 |3 5, 250 5717.5| 13 64 56 220 104,400 | 5| 190 |@® 36,000
G2| 1,79 1,930 (3 5,610 571.5| 76 66 58 220 113,100 | 5| 190 |} 38,500
G3| 1,930 208 (3 6, 000 577.5| 78 68 60 220 119,100 | 5 | 190 41, 000
G4 2080 2,23 (3 6, 450 605 81 70 62 240 128,400 | 5 | 200 43, 000
G5| 2,230 2,380 (3 6,900 605 84 73 64 240 138,300 | 5 | 200 46, 000
H1| 2 380 2530 |3 7,350 605 87 76 66 240 148,200 | 5| 200 |: 49,000
H2| 2,530 2,700 (3 7,800 632.5| 90 8 68 260 150,000 | 6 | 200 |} 49,000
H3| 2,70 2870 |3 8, 300 632.5| 92 81 70 260 150,000 | 6 | 200 |1 50,000
H4| 2,870 3,040 |3 8, 700 632.5| 95 84 73 260 150,000 | 6 | 200 |: 51,000
HS5) 3,040 3210 |3 9,300 660 97 84 6 280 150,000 | 6 | 200 53,000
J1| 3,210 3,400 |3 9,900 660 | 100 87 8 4 280 150,000 | 6 | 200 56, 500
J2)| 3,400 3,600 |3 10, 500 660 | 102 90 8 280 150,000 | 6 | 200 60, 000
]3| 3,600 3,800 |3 11, 100 687.5 | 105 92 81 300 150,000 | 6 | 200 63, 000
J4| 3,800 4,000 |3 11,700 687.5 | 107 95 84 300 150,000 | 6 | 200 66, 000
J5| 4,000 4,200 |3 12, 300 687.5 | 111 97 87 00 150,000 | 7 | 200 66, 000
K1| 4,200 4,400 |3 12, 900 715 [114 | 100 87 300 150,000 | 7 | 200 67, 000
K2| 4,400 4,600 |3 13, 500 715 |117 | 102 90 300 150,000 | 7 | 200 68, 000
K3| 4600 4,800 |3 14, 100 715 120 |105 92 300 150,000 | 7| 200 |} 69,000
K4| 480 5000 |3 14, 700 742.5 | 122|107 95 300 150,000 | 7 | 200 |© 70,000
K5| 5000 5200 |3 15, 400 742.5 124 |111 97 300 150,000 | 8 | 200 | 70,000
L1[ 5200 5,500 |3 16, 100 742.5 [127 | 111 97 300 150,000 | 8 | 200 71,000
L2| 5500 50800 |3 16, 900 742.5|130 |114 [100 300 |: 150,000 | 8 | 200 72,000
L3| 580 6100 |3 17, 800 742.5 132 | 117|102 300 |4 150,000 | 9 | 200 72,000
L4| 6100 6,500 |3 18, 800 742.5 120|107 9 | 200 73,000
L5| 650 6900 |3 20, 000 770 124|111 9 | 200 74,000
M1| 6900 7,400 |3 21, 500 770 127|114 10 | 200 74,000
M2| 7,400 7,900 |3 23, 000 770 132 (117 11 | 200 74,000
M3| 7,900 8400 |3 24, 500 770 137|122 11 | 200 75,000
M4| 8400 8900 |3 26, 000 770 142|127 12 | 200 75,000
M5| 8900 9,400 |3 27, 500 770 147|132 13 | 200 75,000
N1 9,400 10,000 |3 29, 000 770 152 [132 L4180 m %484 |14 | 200 75,000
N2|10,000 10,700 |3 31, 000 770 137 ZMITH, 214 [15 | 200 75,000
N3|10,700 11,500 |3 33, 000 770 142 A%BT BT Lhs|16 | 200 75,000
N4|11,500 12,400 |3 35, 500 770 147 &3, 17 | 200 75,000
N5|12,400 13,400 |3 38. 500 770 152 18 | 200 75,000
0 113,400 14,600 |3 42, 000 770 157 19| 200 |: 75,000
02|14,600 16,000 |3 46, 000 770 162 21| 200 [} 175,000
2 1. v4vo—72EHAT4841, ZOhTOHIR (6 x12), @HIZ (6 x24), OHIIL (6 x37) ZEHELT 5,

2 Tyvh—Fa—vOREH, WEAY» o INVESURSELTELEALL,



RLS 1V g o— 7OUEHEE (ton)
& Kk 8 8§ o - 7
B R IR €S2 e S22 PO
10 0.72 0.95 1.60 [ 0.99 1.30 1.59 1.10 1.30 1.85
12 1.01 1.37 2.20 1.42 1.80 2.24 1.60 1.80 2.80
14 1.34 1.83 2.90 1.80 2.40 2.98 2.10 2.40 3.73
16 1.72 2.34 3.70 | 2.43 3.00 3.82 2.70 3.00 4.78
18 2.14 2.92 4.60 | 3.03 3.80 4.76 3.30 3.80 5.94
20 2.61 3.55 5.60| 3.68 4.50 5.719 4.00 4.50 7.23
22 3.11 4.24 6.70 | 4.40 5.60 6.91 4.80 5.60 8.63
24 3.66 4.98 7.90 | 5.17 6.50 8.12 5.60 6.50 10.2
26 4.24 5.78 9.10| 6.00 7.50 9.42 6. 50 7.50 11.8
28 4.87 6.64 | 10.5 6.88 8.50 10.8 7.50 8.50 13.5
30 5.54 7.55 | 11.9 7.83 9.90 12.3 8.50 9.90 15.4
32 6.24 8.51 | 13.4 8.82 | 1.0 13.9 9.60 | 11.0 17.3
35 7.37 10. 1 15.8 10.4 13.0 16. 4 11.3 13.0 20.5
40 9.73 12.9 20.2 13.4 16.7 21.0 14. 4 16.7 26.3
45 12. 1 16.0 25.2 16.6 0.7 26. 1 18.0 20.7 32.7
50 14.7 19.5 30.6 | 20.2 25.5 31.8 21.8 25.5 39.8
55 17.6 23.3 36.5 | 24.2 30.0 38.0 26.0 30.0 47.5
60 20.7 27.4 42.9 | 28.4 35,5 4.7 30.6 35.5 55.8
65 24.0 31.8 49.7 | 33.0 41.0 51.8 35.5 41.0 64.8
70 27.6 36.5 57.0 | 37.8 47.0 59.5 40.7 47.0 74.3
75 31.3 41.5 64.8 43.0 53.5 67.6 46. 2 53.5 84.5
80 35.3 46.8 73.0 48.5 60.5 76. 2 52. 1 60. 5 95.3
85 39.5 52.4 81.7 54.3 68.0 85.3 58.3 68.0 107
90 44.0 58.2 91.3 | 60.4 75.0 94.9 64.8 75.0 119
95 48.6 64.4 |100 66.8 83.0 105 71.6 83.0 131
100 53.5 70.8 |110 73.5 91.5 116 78.7 91.5 144
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15 5] 1 52 53 54 5|5 5|6 £ |21 5
s (6 x7) (6 x12) (6 x19) (6 x24) (6 x30) (6 x37) | (6XWS (36)
24 lomies| 1 mo> | | 1 mop [UITAET | 1 moD (VR | 1 md (U | 1 mo |40 |1 md |G| 1 moD
Dl (V) [Titka|T (1) | Tftka) T () [Tfitka)| T (1) |Titho| T (1)|TEitko| & (1) Tfka)| T (1)| TRk
10 5.34 (0.371 | 3.33(0.273| 5.07(/0.364 | 4.64|0.332| 4.19| 0.310( 4.99| 0.359| 5.15| 0.396
12 7.69)|0.534 | 4.80(0.393| 7.30/0.524 | 6.68]0.478 | 6.03| 0.446| 7.19| 0.517| 7.42| 0.570
14 |10.5 [0.727 | 6.53| 0.535| 9.93{0.713| 9.09|0.651 | 8.21| 0.607| 9.81| 0.704| 10.1 | 0.776
16 |13.7 [0.950 | 8.52(0.699| 13.0 [0.932 | 11.9 | 0.850 | 10.7 | 0.793| 12.8 | 0.920( 13.2 | 1.01
18 (17.3 [1.20 |10.8 | 0.885| 16.4 |1.18 | 15.0 |1.08 |13.6 | 1.00 | 16.2 | 1.16 | 16.7 | 1.28
20 121.4 |1.48 |13.3 | 1.09 | 20.3 |1.46 | 18.5 [ 1.33 |16.7 | 1.24 | 19.9 | 1.44 | 20.6 | 1.58
22 [25.8 |1.80 |16.1 | 1.32 [ 24.5(1.77 | 225 |1.61 |20.3 | 1.50 | 24.2 [ 1.74 | 24.9 | 1.92
24 1(30.8 |2.14 |19.2 | 1.57 [ 29.2 (2.10 | 26.7 | 1.91 |24.1 [ 1.79 | 28.7 [ 2.07 | 29.7 | 2.28
26 |36.1 |2.51 |22.5 |1.85 | 34.3(2.47 |31.4 |2.24 [28.3 | 210 |33.7 | 2.43 | 34.8 | 2.68
28 |41.9 (2.91 |26.1 (2.14 | 39.7 (2.85 | 36.4 |2.60 |32.8 | 2.43 | 39.0 | 2.82 |, 40.4 |3.10
30 |[48.1 [3.34 |30.0 | 2.46 | 45.6 |3.28 | 41.8 | 2.99 | 37.6 | 2.79 | 44.8 | 3.23 | 46.3 | 3.56
32 |54.7 (3.80 |34.1 [2.80 | 51.93.73 |47.5 13.40 | 42.9 |3.17 | 51.1 | 3.68 | 52.7 | 4.06
34 |[61.7 (4.29 |38.5 |3.16 | 58.6 [4.21 | 53.6 [ 3.84 [48.4 | 3.58 | 57.7 | 4.16 | 59.5 | 4.58
36 [69.2 (4.81 |43.2 |3.54 | 65.7 [4.72 | 60.1 [4.30 |54.3 |4.02 | 64.7 | 4.66 | 66.7 | 5.13
38 (77.1 |5.36 |48.1 |3.94 | 73.2|5.26 |67.0 [4.79 |60.5 |4.43 | 72.1 | 5.19 | 74.4 | 5.72
40 185.5 |5.93 |53.3 [4.37 |81.1(582 [74.2 |5.31 [67.0 [4.95 |79.7 | 5.75 | 82.4 | 6.34
42 89.4 16.42 | 81.8 | 5.86 |73.9 |5.47 |88.0 | 6.34 | 90.8 | 6.99
44 98.2 |7.05 | 89.8 | 6.43 |81.0 |6.00 |96.6 | 6.96 | 99.7 | 7.67
46 107 7.70 | 98.2 | 7.03 |88.6 | 6.56 |106 7.61 (109 8.38
48 117 8.39 |[107 7.65 [96.4 | 7.14 |115 8.28 (116 9.12
50 127 9.10 |117 8.30 |104 7.74 125 8.98 (129 9.90
52 125 8.98 |113 8.38 |135 9.73 (139 |10.7
54 135 9.68 |122 | 9.04 |145 10.5 (150 |11.5
56 145 10.4 |131 9.71 |156 11.3 |162 12.4
58 156 11.2 (141 10.4 |168 12.1 [173 [13.3
60 167 12.0 150 1.1 |179 12.9 |185 14.3
62 178 12.8 [161 11.9 1192 13.8 (198 [15.2
65 196 14.0 |177 13.1 |211 15.2 |218 |16.7
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A =7k 8 kB kTR (of)
V.=Hsh#EE (m/sec)
(@) Bk (R.)
Re=0.1212 Ae{Vo+ Vs)? +0.330 (Vu+15)} (kg)
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Ve: BIHEE (m/sec)
4 : HEkf (ton)
Vs: OB EIEE (m/sec)
¥y ERIER (R
R.=13.2 As (Vs+V.)? (kg)
Zaic As: B THmEmst (of)
(Fg8ak dm x L)
Vs: MOBEHEE (m/s)
Ve: BI#EE (m/s)
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Zeic D: Fox730HE (m)
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50 | 70 :
70 | 90
9 | 110 18
110 | 130 150 100 100
130 | 150 ™ 250 200
150 | 175 X
175 | 205
25 20| ' ? D 125 125
240 | 280 22 200
280 | 320 2
320 | 360 26
360 | 400 5 L 10 150
400 | 450
450 | 500 26 |3 250
500 | 550 g &
550 | 600 300%250
600 | 660 © 275 200 200
660 | 720 o
720 | 780 32 %00
780 | 840 34
840 | 910 3
910 | 980
980 | 1060 % | | a0
1060 | 1140 5 |2 350% 250
1140 | 1220 o
1220|1300 | 200 40
1300 | 1390 = al
1390 | 1480 1 -
1480 |1570 i
1570 | 1670 350x 250
1670 |1790 | 220 46
1790 | 1930 48 450
1930|2080 50
2080 | 2230 52
2230 |2380 | 240 54
2380 | 2530
2530|2700
2700 |2870 | 260 =
2870|3040 b
3040 _ | 3210
3210 |3400 | 280
gggg gggg 56 500 300 300 | 400x250
3800 | 4000
4000 | 4200
4200 | 4400
4400 | 4600
4600 4850 | 300
4850 | 5100
5100 |5400
5400 | 5700
5700 | 6000
6000 | 6300
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thd 3,
W2+ 20hB+0.1A
Wi3, #siEkE (), BiHE (m)
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® hid, XKORiCKVHEESNDH
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HOBRZED FWicH 25461, @6 B/ 4 UTOD
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Riof, L, Lo@AACHSbDORBATS
MERII,
@ WMBSIKHEVT, @GS L5nERALZRIY -V
FrR T -2, BREFLRAFREO—WES

A
’ ssanie b, AREKE BEHOBERE
500 DW ~ 5,000 DW logGT =—0.366+1.015log D W r=0.906
5,000 DW ~ 6,000 DW log GT =—0.061+0.966log DW I =0.969

5,000 DW ~ 140,000 DW E.N. = 1.015D0W 0.556 r=0.969

E.N. : B¥¥
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