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Cause Investigation on Flooding and
Sinking Accident of Pelagic Fishing
Vessel using FSI Analysis Technique

Lee, Jae-Seok

Department of Naval Architecture & Ocean Systems Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Pelagic fishing vessel was fully flooded through the openings and was
sunk down to the bottom of sea due to the very rough sea weather on
the way of evasion after fishing operation in the Bearing Sea with many
crews dead and/or missed. In this study, full-scale ship flooding & sinking
simulation was carried out, and sinking process and cause was analyzed for
the precise and scientific investigation of sinking accident using highly
advanced M&S(Modeling and Simulation) system of FSI(Fluid-Structure
Interaction) analysis technique. For the objective secure of weather and
sea states during sinking accident in the Bering Sea, time-based wind and
wave simulation at the region of sinking accident was carried out and

analyzed, and weather and sea states were realized by simulating the
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irregular strong wave and wind spectrums. Simulation scenarios were made
up and full-scale ship and fluid(air and sea water) modeling was performed
for flooding - sinking simulation, by investigating the hull form, structural
arrangement and weight distribution, the exterior inflow openings and
interior flooding paths through its drawings, and by estimating the main
tank capacities and their loading status. It could be confirmed that the
accident ship was flooding and sunk down from the full-scale ship flooding
and sinking simulation behaviors using FSI analysis technique with a little
bit different situation from the general capsize and sinking accident due to
the simple loss of stability, in that the stern part subsided under the
surface with the center of gravity descended a little bit down due to the
seawater inflow in the engine room and fish holds, and with continued
large angle of heel at the same time of submerged stern part under the

surface even though its heel was progressed greatly.

KEY WORDS : Pelagic Fishing vessel, Full-Scale Ship Flooding - Sinking Simulation,
Fluid-Structure Interaction(FSD Analysis Technique, Highly Advanced M&S(Modeling
and Simulation) System, Cause Investigation of Accident
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Fig. 5 AIS track of pelagic fishing vessel(2014. 12. 1 10:00 ~ 12. 1 13:00)
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Fig. 8 Pressure distribution and response according to depth of seawater
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Fig. 9 Global wave simulation sample
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Fig. 10 Sea weather simulation results according to time (continued)
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Fig. 11 Significant wave and wind speed time histories at accident region
(December 1, 2014)
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Fig. 10 Sea weather simulation results according to time
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Table 1 Significant wave and wind speed time histories at accident region
(December 1, 2014)

local situation signif., wave | wave wind 'Windo sea level
time wave(m)| direct.(*) | period(s) | speed(m/s) | direct.(") | pressure(hPa)
05:00 casting net 2.6 111.5 5.6 16.3 86.1° 998.0
11:00 hauling on net 4.0 112.0 74 17.5 82.2° 991.8
12:00|incomplete hatch cover closure| 4.1 111.2 7.6 16.4 78.3° 991.0
12:06| avoidance commencement 4.1 111.2 7.6 16.2 78.3° 990.7
13:00 steering gear failure 4.2 111.2 7.7 16.0 71.5° 990.5
14:00 temporary balance state 4.2 111.9 7.8 15.6 74.5° 989.7
15:00 port rapid heeling 4.3 112.3 7.9 15.6 74.3° 991.2
15:30 sinking from port side 4.3 112.7 8.0 15.8 76.7° 990.9
16:49|  VMS signal disappearance 44 113.3 8.1 15.1 71.9° 989.8
17:06 complete sinking 4.4 113.2 8.1 15.2 72.0° 989.6
« high seas watch : wind speed with. 14m/s and during 3 hour above, significant wave with
3m above

A=A A IR EE FAl-7F2 A4 siAZIH S ol &8t Et& 3
A4 = Bt AT AlEdoldE TSt AN EE FASIATH
Fig. 12l A ¢} o] &332 =& Bretschneider & Mitsuyasu ~HEH-S
B3z 7E& von Karman 29S AHR-514 T Fig. 120 357] 8.0sec9]
S a3 45me] EF3F 333 15m/sece] EFF ZAE AlEHoA TH A

s BoF1 Qo)

EN

ra
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(b) irregular wave and wind simulation response behavior
Fig. 12 Irregular wave and wind simulation
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Fig. 13 Air and seawater model for irregular wave and wind simulation
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(a) irregular wave simulation response behavior
Fig. 14 Irregular wind simulation response (continued)
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(b) comparison of irregular wave simulation response with spectrum
Fig. 14 Irregular wind simulation response
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(a) irregular wind simulation response behavior
Fig. 15 Irregular wind simulation response (continued)
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(b) comparison of irregular wind simulation response with spectrum
Fig. 15 Irregular wind simulation response
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(b) seawater inflow openings and paths in working space
Fig. 16 Schematic diagram of main stern structure and seawater inflow
openings and paths
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© outéide and inboard scenery of hatch cover
Fig. 17 Overall structures and their characteristics of pelagic fishing vessel
(continued)
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(f) scenery of fish bunker
Fig. 17 Overall structures and their characteristics of pelagic fishing vessel
(continued)
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(h) scenery of hatch cover of working space and fish hold
Fig. 17 Overall structures and their characteristics of pelagic fishing vessel
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Fig. 19 Total weight and deadweight of main tank
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Fig. 20 Deadweight modeling of fuel oil and fish catch
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Fig. 21 Full-scale ship and longitudinal section modeling
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Fig. 22 Modeling of sea water inflow openings and flow paths
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Fig. 24 Sewage internal and external structure modeling
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(d) ship and sea modeling
Fig. 25 Full-scale ship drifting simulation scenarios, ship and sea modeling

(c) stern port angle 80°
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step 1

step 123
(a) stern port angle 45°

step 65

step 135 step 210
(b) stern port angle 60°

Fig. 26 Full-scale ship drifting simulation behavior according to stem wave
direction (continued)
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step 133 step 205
(c) stern port angle 80°

Fig. 26 Full-scale ship drifting simulation behavior according to stem wave
direction
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Fig. 27 Yawing angle response in ship drifting simulation according to stem
direction
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(a) Case 1-0
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(b) Case 1-1 and Case 1-2
Fig. 28 Sea water and ship model in Case 1 scenario (continued)
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Fig. 28 Sea water and ship model in Case 1 scenario
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Fig. 29 Sea water
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(b) Case 2-1

and ship model in Case 2 scenario (continued)



(c) Case 2-2

(d) Case 2-3
Fig. 29 Sea water and ship model in Case 2 scenario (continued)
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Fig. 29 Sea water and ship model in Case 2 scenario
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Fig. 30 Floating simulation and hydrostatic characteristic calculation of fishing
vessel before accident
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Table 2 Comparison of hydrostatic characteristics of fishing vessel before
accident with stability calculation

equivalent draft 6.532 m
. KST-SHIP hydrostatic characteristic
tem stability calculation program calculation error
displacement 3,550.000 ton 3,549.638 ton -0.362 ton (-0.01 %)
volume 3,463.415 m’ 3,463.061 m* -0.354 m® (-0.01 %)
LCG (from AP) 32.030 m 32.041 m 0.011 m (0.03 %)
GM 1129 m 1125 m -0.004 m (-0.35 %)
KMT 6.166 m 6.162 m -0.004 m (-0.06 %)
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(a) overall view of fishing vessel

(b) processing and working space (c) engine room and fishing hold
Fig. 32 Initial seawater inflow state in Cases 1-0 and 1-1
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Table 3 Sea water inflow amount into compartments according to scenario

Collection @ kmou

. . . fishing | fishing total
fish bunker working space|engine room -
Case (heeling angle) g8ton | 92lton | 298ton | hod 1| hold 2 amount | flooding
(96m°) (899m3) (Goun) | 483ton | 65lton [Gncrement)  time
“71m® | 635m> |  (ton)
much sea water inflow during catch drop 50 30 B B _ 80 11:35

L0 after hauling on net (51%) (3%) '
under starboard side wave 50 30 _ B B 80 12:00
with stem starboard angle 44°(0°) (51%) (3%) i
8" starboard side heeling 50 30 _ B _ 80 12:06
after avoidance commencement(0°) (G1%) B%) ’

1|8 starboard side heeling 85 45 _ B _ )

1-1 after avoidance commencement(5°) 87%) (5%) 1300+50) | 12:13
starboard side heeling 22 128 B B _ i
after wood partition broken(8°) (23%) (14%) 1506:20) | 12:15
20° starboard side heeling 23 157 _ B _ )

Lo under port side wave(10°) (24%) A7%) 180G:30) | 12:18
20° starboard side heeling 25 265 _ B B )
under port side wave(20°) (26%) (28%) 290C+110) | 12:30
25°~30° starboard side heeling 26 315 _ 24 30 )

13 under port side wave(25°) 27%) (34%) (5%) (5%) 395(+105) | 12:40
25°~30° starboard side heeling 49 354 _ 30 38 )
under port side wave(30°) (50%) (38%) (6%) (6%) 4TET6) | 12:47
35° starboard side heeling 64 441 / 33 50 )

1 under port side wave(35°) (65%) 47%) (7%) (8%) S88(+117) | 12:55
35° starboard side heeling 64 441 B 33 50 588 1310
under port side wave(35°) (65%) (47%) %) 8%) :

a temporary balance 8 99 _ 33 50 195 1415

20 under port side wave moving port side(0°) (8%) 11%) (7%) (8%) i

starboard side heeling 10 143 y 36 53 )
b under port side wave after balance(3") (10%) (16%) B%) 8%) 225+30) | 14:40
5°~10° port side heeling 12 229 _ 50 79 .

o1 under starboard side wave(5°) (12%) (25%) (10%) (12%) 370+145)) 1515
5°~10° port side heeling 20 285 B 60 90 .
under starboard side wave(10°) (20%) (31%) (12%) (14%) 455085 | 1527
30°~35" port side heeling 42 345 72 88 124 .

., |Inder starboard side vave(30) 3% 37%) Qn | asw | agp | B71026)| 1604
30°~35° port side heeling 55 347 85 100 136 .
under starboard side wave(35°) (56%) (38%) Q% | Qun | @lp | 52| 1610
45°~55° port side heeling 90 409 144 114 150 )

03 under starboard side wave(45°) 92%) (44%) (48%) (24%) (23%) 907(+184) | 16:24
45°~55° port side heeling 93 486 199 123 157 .
under starboard side wave(s5°) 95%) (53%) 6% | @ | a% |MO9BHISD) 16:32
60°~70° port side heeling 96 547 216 181 210 .

o under starboard side wave(60°) (98%) (59%) (72%) 37%) (32%) 1.250(+192) 16:40
60°~70° port side heeling 9% 667 237 231 309 .
under starboard side wave(70°) (98%) (72%) (80%) (48%) A47%) 1540(:290))  16:50
80° above port side heeling 97 763 265 326 459 :
under starboard side wave(90°) (99%) (83%) (89%) (67%) (71%) 1910G:370))  17:02

- 98 810 279 385 558 :

2-5 |sinking down to bottom of sea water (99%) 88%) (94%) 80%) 86%) 2,130(+220)| 17:09

' 98 921 298 483 651 .
complete flooding (100%) 0% | Q0% | Q00% | (100%) |Z41+32D 1719
— 47 —



Table 4 Sea water inflow amount into exterior openings according to scenario
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Case (heeling angle) ﬂ%?;lj];g ﬂ?&ﬁ?g ir(]él)%v ?rlrlﬂrﬁgt(g N&% b)e r ]'rnnfel(a){)lw ha%((:)lrllniz\./er Se\)\/t?)genll\%.lﬂEt
(ton/No.) | (total ton) | (total ton)
y ?u‘ﬁggsggtgﬁaﬁgggr hauling on net 11:35 80 | 80 15 112 | 072 |0.72 80.00| 0.00 (0.0)
Wit stom tarboard angle 44°0°) 1200 |80 0 - -] - - -
. B e Sl e neni(5™) 1213 10| S0 | 7 52 | 09 |087453)| 00947
Z&?ﬁ?ﬁ%ﬁ%ﬁ%ﬁ?ﬁmkemgn 1215 | 150 | 20 | 2 15 | 13 [120a7.9| 014 @D
. a esrtaggftars?dgi%fayeeggl% 1218 | 18| 30| 3 2 | 136 |121@7| 01533
ﬁg&eitagggars?djd\gagg(%l‘% 1230 | 200 | 110 | 12 9 | 121 |106@5.0| 015150
L ﬁi;;38;£t§f§§a@gv2?§5%edmg 1240 | 305 | 105 | 10 75 | 140 |112 G40)| 022 2LO)
ﬁflzj?g;;fffga@gvﬂggogeehng 247 | 41| 7| 7 52 | 182 | 132684 050 7.6
1-4 ﬁi&eitagggag?dgifaygggﬁ 1255 | 588 | 117 | 8 60 | 195 |135@©LO| 060 (36.0)
20 a E%Iggfrﬁ Z?éinfweave moving port side(0®) w15 o | 3% / - - - h
b f]fggfaggﬁﬁg%eh%egeg ter balance@ | 1440 | 225 | 30 | 25 | 188 | 016 | 000 ©0) | 016 300
. D o Dot e beellg oy 1515 | 30| 145 | 35 | 262 | 055 |0.35926]| 020 (524
N ear ot side heelllg 107 1527 | 455 85 | 12 | 90 | 095 |060G40| 0.35 BLO)
~ T o S e a0 1604 | 67| 216 | 27 | 202 | 117 |067 (1352] 040 80.8)
A e on side Mo e oY e ok 4B 55 | 13 |070 GL)| 045 205
9 D oo port side heellng 624 | 907 | 184 | 14 | 105 | 175 |10510.3)| 0.70 (737
B o ot S D 1632 | 1058 | 151 | 8 60 | 281 | 160 96.0)| 0.92 (55.0)
9y O o e airt side hecng o 1640 | 1,250 | 192 8 60 | 320 [180 (1080 140 (84.0)
60 70 ont side heelng 1650 | 1540 | 290 | 10 75 | 386 [208 (156.0)| 178 (1340
S pove part site heelg 1702 | 1910 | 370 | 12 9 | 411 |221 (1989 190 Q7LD
2-5 |sinking down to bottom of sea water 17:09 | 2,130 | 220 7 93 415 |2.23 (118.2)] 1.92 (101.8)
complete flooding 1719 | 2451 | 321 | 10 75 | 428 [257 Q928 171 1282)
total amount 2,451 | -393 (16(7)901"5 (1 48502%2)
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Fig. 33 Rolling response of fishing vessel according to scenario through
full-scale flooding and sinking simulation
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Fig. 34 Seawater inflow amount and trend response according to scenario
through full-scale flooding and sinking simulation
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(b) rolling response according to scenario through flooding - sinking simulation
Fig. 35 Rolling response of fishing vessel in Case 1-0
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step 809

(a) stern starboard view
Fig. 36 Flooding and sinking simulation behavior in Case 1-0 (continued)

Collection @ kmou



step 105 step 200

step 283 step 490
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step 809 ~ step 874
(b) stem starboard view

Fig. 36 Flooding and sinking simulation behavior in Case 1-0 (continued)
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(c) stem view

Fig. 36 Flooding and sinking simulation behavior in Case 1-0 (continued)
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(d stern view

Fig. 36 Flooding and sinking simulation behavior in Case 1-0
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(b) rolling response according to scenario through flooding - sinking simulation
Fig. 37 Rolling response of fishing vessel in Case 1-1
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step 50 step 155

step 252 step 379

step 475 step 626

step 748 _ step 808
(a) stern port view

Fig. 38 Flooding and sinking simulation behavior in Case 1-1 (continued)
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step 475 step 626

step 748 ' step 808
(b) stem port view

Fig. 38 Flooding and sinking simulation behavior in Case 1-1 (continued)
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step 748 ' step 808
(c) stem view

Fig. 38 Flooding and sinking simulation behavior in Case 1-1 (continued)
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(d stern view

Fig. 38 Flooding and sinking simulation behavior in Case 1-1
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Fig. 39 Inflow of fish catch and sea water into processing and working space

through broken wood partitions
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Fig. 40 Initial seawater inflow state in Case 1-2
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(b) rolling response according to scenario through flooding - sinking simulation

Fig. 41 Rolling response of fishing vessel in Case 1-2
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step 125

step 159

step 388

step 335

step 566

step 501

step 762

step 755

(a) stern starboard view
Fig. 42 Flooding and sinking simulation behavior in Case 1-2 (continued)
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step 755 ~ step 762
(b) stem starboard view

Fig. 42 Flooding and sinking simulation behavior in Case 1-2 (continued)
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step 755 ' step 762
(c) stem view

Fig. 42 Flooding and sinking simulation behavior in Case 1-2 (continued)
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(d stern view

Fig. 42 Flooding and sinking simulation behavior in Case 1-2
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(a) sewage outlet
Fig. 43 Sea water inflow behavior through openings (continued)
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step 362 step 423
(b) hatch cover

Fig. 43 Sea water inflow behavior through hatch cover
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(b) inside view

Fig. 44 Sea water inflow behavior into steering room
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Fig. 45 Sea water inflow scenery into steering room at starboard side heeling
angle 20°
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(b) processing and working space (c) engine room and fishing hold
Fig. 46 Initial seawater inflow state in Case 1-3
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(b) rolling response according to scenario through flooding - sinking simulation
Fig. 47 Rolling response of fishing vessel in Case 1-3
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step 151 step 208

step 403 step 456

step 675 step 729

step 904 _ step 999
(a) stern port view

Fig. 48 Flooding and sinking simulation behavior in Case 1-3 (continued)
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step 151 step 208

step 403 step 456

step 904 ~ step 999
(b) stern starboard view

Fig. 48 Flooding and sinking simulation behavior in Case 1-3 (continued)
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step 403 step 456

step 675 step 729

step 904 ' step 999
(c) stem view

Fig. 48 Flooding and sinking simulation behavior in Case 1-3 (continued)
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step 675 step 729

step 904 _ step 999
(d stern view

Fig. 48 Flooding and sinking simulation behavior in Case 1-3
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(a) flow in working space
Fig. 49 Sea water flow and inflow behavior in working space (continued)
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step 401 step 450

step 503 step 535
(b) inflow into fishing hold

Fig. 49 Sea water flow and inflow behavior in working space
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(b) processing and working space (c) engine room and fishing hold
Fig. 50 Initial seawater inflow state in Case 1-4
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(b) rolling response according to scenario through flooding - sinking simulation
Fig. 51 Rolling response in Case 1-4
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step 51 step 195

step 320 step 478

step 574 step 715

step 763 _ step 833
(a) stern starboard view

Fig. 52 Flooding and sinking simulation behavior in Case 1-4 (continued)
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step 51 step 195

step 478

step 763 _ step 833
(b) stem starboard view

Fig. 52 Flooding and sinking simulation behavior in Case 1-4 (continued)
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step 51

step 478

step 320

step 715

step 574

step 833

(c) stem view
Fig. 52 Flooding and sinking simulation behavior in Case 1-4 (continued)

step 763

Collection @ kmou



step 195

step 320 step 478

step 574 step 715

step 763 _ step 833
(d) stern view

Fig. 52 Flooding and sinking simulation behavior in Case 1-4
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Fig. 53 Initial seawater inflow state in Case 2-0a
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(b) rolling response according to scenario through flooding - sinking simulation
Fig. 54 Rolling response of fishing vessel in Case 2-0 (continued)
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(c) zoom view of rolling response in Case 2-0b
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(d) rolling response according to scenario through flooding - sinking simulation
Fig. 54 Rolling response of fishing vessel in Case 2-0
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step 121 step 211

step 321 step 401

step 701 _ step 821
(a) stern port view

Fig. 55 Flooding and sinking simulation behavior in Case 2-0a (continued)
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step 121 step 211

) step 821
(b) stem port view

Fig. 55 Flooding and sinking simulation behavior in Case 2-0a (continued)
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step 121 step 211

step 321 step 401

step 701 ' step 821
(c) stem view

Fig. 55 Flooding and sinking simulation behavior in Case 2-0a (continued)
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step 701 _ step 821
(d) stern view

Fig. 55 Flooding and sinking simulation behavior in Case 2-0a
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step 108 step 201

step 283 step 385
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step 655 _ step 721
(a) stern port view

Fig. 56 Flooding and sinking simulation behavior in Case 2-0b (continued)
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step 283 step 385

step 478 step 560

step 655 ' step 721
(b) stem port view

Fig. 56 Flooding and sinking simulation behavior in Case 2-0b (continued)
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step 655 ' step 721
(0) stern view

Fig. 56 Flooding and sinking simulation behavior in Case 2-0b (continued)
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(d stem view

Fig. 56 Flooding and sinking simulation behavior in Case 2-0b
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(b) processing and working space (c) engine room and fishing hold
Fig. 57 Initial seawater inflow state in Case 2-1
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(b) rolling response according to scenario through flooding - sinking simulation

Fig. 58 Rolling response of fishing vessel in Case 2-1
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step 221

step 101

step 428

step 313

step 597

step 511

step 771

(a) stern starboard view
Fig. 59 Flooding and sinking simulation behavior in Case 2-1 (continued)

step 683
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step 101 step 221

step 313 step 428

step 511 step 597

step 683 ~ step 771
(b) stem starboard view

Fig. 59 Flooding and sinking simulation behavior in Case 2-1 (continued)
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step 101

step 313 step 428

step 683 ' step 771
(c) stem view

Fig. 59 Flooding and sinking simulation behavior in Case 2-1 (continued)
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step 101 step 221

step 683 _ step 771
(d stern view

Fig. 59 Flooding and sinking simulation behavior in Case 2-1
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(a) overall view of fishing vessel
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(b) processing and working space
Fig. 60 Initial seawater inflow state in Case 2-2
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(b) rolling response according to scenario through flooding - sinking simulation

Fig. 61 Rolling response of fishing vessel in Case 2-2
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step 411 step 441

step 801 ~ step 331
(a) stern starboard view

Fig. 62 Flooding and sinking simulation behavior in Case 2-2 (continued)
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step 411 step 441

step 801 ~ step 831
(b) stem starboard view

Fig. 62 Flooding and sinking simulation behavior in Case 2-2 (continued)
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step 251

step 201

step 441

step 411

step 701

step 671

step 831

step 801

(c) stem view
Fig. 62 Flooding and sinking simulation behavior in Case 2-2 (continued)
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step 411 step 441

step 671 step 701

step 801 _ step 831
(d stern view

Fig. 62 Flooding and sinking simulation behavior in Case 2-2

- 110 —

Collection @ kmou



—

g gHF P5- AT AU AFIN & F Uxo] FHEBO #d
% ojBo Qd BFAY SAYTL st HHPoR 35° AL oo 3
AAAL H@AR7} 59 oll2 oMo WA XA L BujET
s ol gwel d47 4UHNSS & & AT =R BT 45}
FYHD A 5 fdel Zrhstel An] WsE 27 St AT 2
< Fig. 639 olEAHYAR B 22T o H5HFE @ A% AE
Hold AAE sl AT 4 AT Table 33} 49] Case 2-201 49k o] 3
X AH L} LEMETE Tt 47 166.7=3 101.3E9] sl L= AL I

o] %)

Foll 242} 55+=, 347+, 85& ! 236+=°] A

- 111 —

Collection @ kmou



step 202 step 258

step 420 ' step 477
(a) working space

Fig. 63 Sea water flow in working space and inflow into engine room and
fishing hold in Case 2-2 (continued)
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step 150 step 258

step 352

; wr -
step 400 step 435

(b) engine room
Fig. 63 Sea water flow in working space and inflow into engine room and
fishing hold in Case 2-2 (continued)
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step 100 step 182

step 272 step 308

step 386 step 422

step 487 step 507
(o) fishing hold

Fig. 63 Sea water flow in working space and inflow into engine room and
fishing hold in Case 2-2
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5.9 Case 2-3 : @3 FgAA =&

A

45°~55" A}

Case 2-32 Case 2-29] ©o]ojA 184 H=7F ¥ FY= o] Fig. 642} Table 3
Case 2-30llA 9} o] AHAYA, oA, 7| E oo 424 of 90&,
409E, 144E % 264= A= sli7F s AAV #HE 457 A= AA A
Elol A Fig. 29(dell A et o] 3 Ara= 725'2 $dAJoE HOoHA 7
U Ayl ot o] Aluglee] AAd A - A&\ AlEdolds Tl A
22X AAe g8 §HHY HF AEHCIA AsS 22 Fig. 659 Fig. 669
LR AT

(b) processing and working space (c) engine room and fishing hold
Fig. 64 Initial seawater inflow state in Case 2-3
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Fig. 65 Rolling response of fishing vessel in Case 2-3
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step 168

step 343 step 486

step 633 step 728

step 833 _ step 958
(a) stern port view

Fig. 66 Flooding and sinking simulation behavior in Case 2-3 (continued)
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step 69 step 168

step 343 step 486

step 633 step 728

step 833 ' step 958
(b) stem port view

Fig. 66 Flooding and sinking simulation behavior in Case 2-3 (continued)
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step 343 step 486

step 633 step 728

step 833 ' step 958
(c) stem view

Fig. 66 Flooding and sinking simulation behavior in Case 2-3 (continued)
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step 633 step 728

step 833 _ step 958
(d stern view

Fig. 66 Flooding and sinking simulation behavior in Case 2-3
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step 456 ' step 503
(a) working space

Fig. 67 Sea water flow in working space and inflow into engine room and
fishing hold in Case 2-3 (continued)
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step 35

step 155 step 180

step 300 step 328

step 446 _ step 499
(b) engine room

Fig. 67 Sea water flow in working space and inflow into engine room and
fishing hold in Case 2-3 (continued)
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step 30 step 59

step 159 step 188

step 305 step 336

step 406 step 433
(o) fishing hold

Fig. 67 Sea water flow in working space and inflow into engine room and
fishing hold in Case 2-3
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5.10 Case 2-4 : S-BHRAN FA = 60°~70° AA

Case 2-4+= Case 2-39] ©o]ojA 1928 H=7F ¥ FY= o] Fig. 683 Table 3
Case 2-40 A9} Zo] A A, oA, 7| % oo 24 of 96&,

3
Bioll A Fig. 29(e)oll A e} o] ¢d ArA4= 725°2 A IE HowAy 2/
e Avgleoltt FSI a4 7o) A A - JAE Algdolds w33 434
2A0 AAel Fe S7HI A HAE AEHNA AFe 44 Fig 699 70
of e AT

(a) overall view of fishing vessel

(b) processing and working space (c) engine room and fishing hold
Fig. 68 Initial seawater inflow state in Case 2-4
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(b) rolling response according to scenario through flooding - sinking simulation

Fig. 69 Rolling response in Case 2-4
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step 68 step 125

step 289 step 344

step 405 step 450

step 621 _ step 689
(a) stern port view

Fig. 70 Flooding and sinking simulation behavior in Case 2-4 (continued)
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step 68 step 125

step 289 step 344

step 405 step 450

step 621 ' step 689
(b) stem port view

Fig. 70 Flooding and sinking simulation behavior in Case 2-4 (continued)
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step 68 step 125

step 289 step 344

step 405 step 450

step 621 ' step 689
(c) stem view

Fig. 70 Flooding and sinking simulation behavior in Case 2-4 (continued)
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step 68 step 125

step 289 step 344

step 000 step 000

step 621 _ step 689
(d stern view

Fig. 70 Flooding and sinking simulation behavior in Case 2-4
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EWlETE B3ty 47 264.083 21809 sl FAEAT FAHEA, o
SEAGA, AR W ofFol ZA2 96, 667=, 237 H 540=°] AFHAT

5.11 Case 2-5 : $HYTNA HA = 80° o4 A4}

Case 2-5= Case 2-4°] o]ojA 370E HZ7} o FY= o] Fig. 713 Table 3
Case 2-50|lA9} o] H4 7, oA a4, 7|Ad F oo 47 of 97=,
763%, 2656% 9 5658 AT gt HFHol AMAvE HE 800 A= AANR A
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(a) overall view of fishing vessel

(b) processing and working space (c) engine room and fishing hold
Fig. 71 Initial seawater inflow state in Case 2-5
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(b) rolling response according to scenario through flooding - sinking simulation

Fig. 72 Rolling response in Case 2-5
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step 73 step 181
- -
step 235 step 326
- -
step 436 step 490
- -
step 558 step 601

(a) starboard view
Fig. 73 Flooding and sinking simulation behavior in Case 2-5 (continued)
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step 73 step 181

step 235 step 326

step 436 step 490

step 558 ' step 601
(b) port view

Fig. 73 Flooding and sinking simulation behavior in Case 2-5
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