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On the Disaster of the Ferry-Boat ““Toya Maru’
By Hiroshi Kato, Member,
Masahiko Sato, Member,
and Seizo Motora, Member,
Abstract
Typhoon ‘“‘Marie’’ capsized five ferry-boats including Toya Maru at Hakodate Harbour in the
night of September 26,1954. The disaster was so great that it invited a serious public attention.
In accordance with the request of the Marine Disaster Inquiry Agency, the authors con—
ducted experiments in order to investigate its technical causes. In the experiments two specific
cases of Toya Maru (passenger boat) and Tokachi Maru (freighter) were dealt with as represen—
tatives of the wrecked ferry-boats.
The main interest of this experiment was focused on the following items.

(1) To study the mechanism and to measure the amount of water poured in through the
stern opening of the wagon deck, while the ship anchoring, heaving-to or advancing in
waves.

(2) To study the effect of water stagnant on the wagon deck or flooded in the engine and
boiler rooms on the stability of a ship

(3) To study the effect of bottom contact on the stability of a ship, in case of Toya Maru.
From these investigations, a number of problems have been clarified or could be presumed

with a good confidence, which may be outlined as follows.

1. Flooding on the wagon deck at the time of anchoring was caused by the dipping—up of the
water due to pitching of the ship. Such flooding is the heaviest when the wave length is ap—
proximately equal to the length of the ship, and the deck would not be flooded unless the:
ship is in full loaded condition and the wave height is more than 5 metres.

2. It is presumed that the wave at the time of disaster was such that the length was approx
imately equal to the length of the ship, that is, 100 metres or thereahout, and the height was
about 6 metres.

3. In case of freighters (Tokachi Maru type), there is a certain danger that, when the wave
height is more than 6 metres and the wave period is about 9 seconds, the ship overturns
merely due to the flooding of sea water onto the wagon deck through the stern opening. It is
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considered that this is the reason why all of 4 freighters capsized and sank as they dropped
anchors at the offing and stood facing with wind and waves.

On the contrary, in case of passenger ferrys (Toya Maru type), the breadth of the wagon
space is so narrow that they do not result in capsize merely due to the flooding of the waves.
The reason why Toya Maru did not overturned until she had drifted to the shore and then
contacted the bottom would be this as well as the fact that the accomodation spaces were
located at the both sides of the wagon deck, which contributed to the stability of the ship.

4. It is generally thought that, when the ship encounters with wind storm, it is the safest
way that the ship stands facing with the wind and waves. However, this would aggravate
the danger in case of ships having stern openings.

5. According to the statements of survivors of Tokachi Maru, GM was presumed to have been
negative before capsizing due to the stagnation of water on the wagon deck and the flooding
in engine and boiler rooms.

©6. In case of Toya Maru there is little probability that wind and waves then would cause her
capsize merely due to the flooding, just before her bottom contact, of the assumed amount of
about 200 tons in engine and boiler rooms and about 300 tons on the wagon deck. The vital
cause is assumed to be the loss of stability affected by the bottom contact.
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8—5 | 320| 500! 5940 | —0.082 9.4 | 52.3 1 0.91 | 5,360 79 l 41.6|343(32.6! 78| 73| 31| 21| 57| 39
8—5, | 320 350 | 5790 +0.109 —|55.5 1.05 6,08 8| 42.3 | 35.1 35.0| 8| 76| 36 | 24| 58 40
8,—54 | 320! 200 | 5640 +0.311 — |57.0 L 119 | 6,700 >90 43.2|35.8 |37.7| 87| 80, 45, 31| 58| 40
8-10 | 800 \ 1,000 | 6,920 | —0.522/ 24.2 | 48.0 [ 0.46 | 3,200 | 69 | 37.0 | 29.4 | 17.8 ‘ 62| 53| —| —| 22| 16
8-10, 800 700 | 6,620 —0.451 20.5 52.7 0.69 4570 82 386 3.1)226| T4 63) —| —| 3| 2
8-10; 800 | 400 | 6,320 | —0.303 16.2 | 56.8 0.94 | 5,970 >0 40.1|32.7|26.8 83| 72| 15 11| 36| %
810 | 560 1,000 5,680 | —0.341/19.8 | 48.3 | 0.53 | 3,560 71 38.130.7 l21.7] 65| 88| —| —| 36| 25
8,—10, 560 | 700 | 6,380 —0.188 14.5 ’ 52.6 076 | 4,820 | 83 39.7 | 32.226.0 75| 67| 16 11 41| 28
8,—10, 560 400 6,080 ' —0.020 6.5 |57.3|1.00 6,090 \ >90 41.2 /338 30.3| 8| 74| 30| 20| 46| 31
8,—10 | 320 | 1,000 i 6,440 | —0.076 10.0 | 48.2 | 0.60 | 3,870 73 39.2|31.8 252 | 68| 62| 19| 13| 45| 30
8,—10, 320 | 700 | 6,140 | +0.097 —|53.0(0.82 5020 83| 40.8 33.4 20.4| 76/ 70 30 20 50 33
8,—10, 320, 400 | 5840 +0.201 — |56.7 1.05 6110 >90|42.3 349 3L1| 8 76| 39 26 53| 3%
8—15| 800 | 1,500 i 7,420 | —0.530, 27.0 | 45.6 | 0.27 | 2,040 61 |34.5 268 7.5 51 38| — — | — —
815, 800 | 1,050 | 6.970 | —0.459 21.6 | 50.7 | 0.55 | 3,840 78 37.0| 294|169 Q8 sy - a1
8—15, 800 | 600 6,520 | —0.317 16.8 ‘ 56.3 | 0.84 | 5,490 >90 392|318 24.0| 8| 6| 8 5| 30| 21
8,—15 | 560 | 1,500 | 7,180 | —0.360 22.2 | 45.6 | 0.34 | 2,420 | 64 35.8|28.1|12.5| 55| 45| —| —| 22| 15
87—15, 560 | 1,050 | 6,730 | —0.211 16.0 | 51.0 [ 0.60 | 4,020 | 78 | 38.1 | 30.6 | 20.9\ 70, 60| 6| 41 35, 24
8,—15, 560 | 600 | 6,280 | —0.042 9.0 | 55.6 | 0.89 | 5,570 | >90 0.3 32.8 20.4 81 71| 26 17 43| 3
815 | 320 | 1,500 | 6,940 | —0.118 15.0 | 46.1 | 0.40 2,760 | 65 |36.9|29.4 (17.4| 58| 51| 6| 4| 34| 23
8,—15, 320 | 1,050 | 6,490 | +0.055| — |50.4 0.65 4,230 78 39.2|8L7 245 71| 64| 25| 17 43| 29
8,—15, 320 | 600 | 6,040 | +0.255 — |55.50.94 5680 >90 | 4.9 34.0 31.0| 81| 74| 36| 23| 50| 33
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B3R T B ALK E MRS

- MaxGZ

BAR® | wim | M | cMEOH B K #® K * ] CXET B 0 PR

T EO®RE R RR kEmfe e A

R oA s GZ WxGZ 'ﬂ(m - (EE+

g A | ARE| ® (m) (B () (m) (t-m) (—#oR) )

(m/sec) | (m/sec)
0—0 0 0 4,930 +2.128 — 29.0 0.826 4,070 56.7 75 44
0—0, 0 0 4,930 +2.128 —_ 42.5 1.095 5,400 86.5 86 56
0—0y4 0 0 4,930 +2.128 —_ 55.5 1.600 7,89 >90 104 70
0—2 0 200 5,130 —3.827 4.5 29.0 0.505 2,590 50.5 60 41
0—2, 0 140 5,070 -2.110 2.0 46.0 0.901 4,570 83.3 79 55
0—2, 0 80 5,010 —0.353 0.5 56.0 1.509 7,560 >90 102 71
0—5 0 500 5,430 —3.603 13.6 25.0 0.120 650 38.3 30 17
0—5, 0 350 5,289 —2.019 8.0 45.0 0.648 3,430 78.9 69 48
0—54 0 200 5,130 —0.342 2.5 56.5 1.374 7,050 >90 99 69
3—0 300 0 5,230 +0.758 — 27.5 0.524 2,740 51.8 61 38
3—0, 300 0 5,230 +0.758 —_ 44.5 0.889 4,650 87.2 81 54
3—0, 300 0 , 23 +0.758 — 58.5 1.461 7,640 >90 103 71
3,—0 210 0 5,140 +1.130 —_ 28.7 0.612 3,145 53.1 66 40
3,—0, 210 0 5,140 41.130 — 45.0 0.953 4,900 87.1 83 55
3,—0, 210 0 5.140 +1.130 — 56.0 1.507 7,750 >9% 104 71
3.—0 120 0 5,050 +1.519 — 28.5 0.703 3,550 54.8 70 42
34—07 120 0 5,050 +1.519 — 44.0 1.010 5,100 86.8 84 56
3.—0¢ 120 0 5, +1.519 — 56.0 1.546 7,810 >9% 104 71
3—2 300 200 5,430 —4.750 10.9 26.0 0.246 1,340 42.9 44 27
3-2, 300 140 5,370 -3.141 7.8 46.5 0.715 3,840 84.2 74 51
3—2, 300 80 5,310 —1.496 4.0 57.0 1.384 7,350 >90 101 71
3,—2 210 | 200 | 5,340 | —4.484 9.1 26.0 0.324 1,730 45.7 49 31
3,—2, 210 | 140 | 5,280 | —2.845 6.0 45.0 0.771 4,070 83.6 76 53
3,—2, 210 80 5,220 -1.167 4.0 57.5 1.418 7,400 >90 102 71
3.2 120 200 5,250 —4.210 6.3 27.0 0.402 2,110 47.8 54 35
3,—2, 120 140 5,190 —2.538 3.5 44.0 0.825 4,280 87.3 77 54
34—2, 120 80 5,130 -0.827 1.0 57.0 1.450 7,440 >90 102 71
3—5 300 | 500 | 5,730 | —4.483 - — - — - — —
3—5, 300 350 5,580 ~3.012 14.9 49.0 0.495 2,760 78.1 63 43
3—54 300 200 5,430 ~1.457 8.8 58.5 1.262 6, 850 >90 99 o)
3,—5 210 | 500 | 5,640 | —4.229 — — — — — — —
37—57 210 350 5, 490 —-2.726 13.0 46.0 0.532 2,920 78.5 65 44
87—54 210 200 5,340 -1.136 6.8 57.5 1.294 6,910 >9% 99 70
3:—5 120 500 5,550 —3.964 18.0 24.5 0.029 160 31.1 15 —
3.5, 120 350 5, 400 —2.430 10.3 46.5 0.581 3,140 78.8 67 47
3.,—5¢ 120 200 5,250 —0.805 4.8 57.0 1.333 6.980 >90 99 70
8—0 0 5,730 +0.613 — 19.0 0.211 1,210 86.9 42 24
8—0, 800 0 5,730 +0.613 — 47.0 0.567 3,250 88.0 69 47
8—04 800 0 5,730 +0.613 —_ 59.4 1.237 7,090 >90 102 71
8,—0 560 0 5,490 +0.997 — 24.0 0.364 2,000 45.0 53 32
8,—0, 560 0 5,490 +0.997 —_ 47.0 0.719 3,950 87.8 75 51
8;,—0, 560 0 , 490 +0.997 - 58.0 1.348 7,400 >90 103 71
8,—0 320 0 5, 250 41.421 — 27.0 0.549 2, 880 50.7 64 39
84—07 320 0 5, 250 +1.421 — 45.0 0.876 4, 87.4 80 54
8,—0, 320 0 5, 250 +1.421 —_ 57.0 1.450 7,610 >90 103 71
8—2 800 | 200 | 5930 | —4.416 — — — — — — —
8—2, 800 | 140 | 5,870 | —2.944 9.5 48.5 0.434 2,550 83.2 61 43
8—2, 800 80 | 5810 | —1.441 4.5 61.0 1.170 6,800 | >9 100 71
8,—2 560 200 5,690 —4.262 10.0 20.5 0.123 7,000 33.0 32 17
8,—2, 560 140 5,630 —-2.724 5.9 46.0 0.567 3,190 83.7 68 47
87,—24 560 80 5,570 —1.153 2.0 59.0 1.264 7,040 >% 101 71
8s—2 320 200 l 5, 450 | —4.089 7.7 24.5 0.275 1,500 42.5 46 29
84—2, 320 140 5,390 —2.480 3.0 45.0 0.699 3,770 83.6 73 51
8,—2, 320 80 ‘ 5,330 —0.833 1.0 58.0 1.358 7,240 >90 101 71
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