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Abstract : Among excursion and ferry boats, small boats with a length of less than 12m are exempted from the stability standard according to the ship
safety act. The boarding capacity of these small excursion and ferry boats is calculated by the seating area according to the excursion ship and ferry
business act. Many excursion and ferry boats have installed deck structures such as awnings after launching. Therefore, this study attempted to analyze
the cause of the accident by estimating the stability based on the case of an actual ferry boat capsizing accident. The analysis results indicated that
passengers stood up to disembark at the same time while the boarding capacity was exceeded. However, even if the ferry boat complied with the
boarding capacity, a possibility of capsize existed if the passengers on one side of the boat stood up. Therefore, the following were suggested to improve

the safety: calculating the boarding capacity using the stability test and recommending the maximum total weight for the boarding capacity.
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Fig. 1. The Number of Excursion and Ferry Boats.

Table 1. The Number of Passengers using the Excursion and Ferry

Boat
Year 2013 2014 2015 2016 2017 2018 2019 2020
Pass. 1293 1,317 1,529 1,592 1,695 1,310 1,312 806
Unit: 10 thousand
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Table 2. The Number of Violations by the Excursion and Ferry Boat
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Kinds of Violations

2016 2017 2018 2019 2020

Without a License 21 14 9 8 -
Drunken Navigation - 1 - - 1

Over Shipping(Cargo/Pass.) 3 2 5 10 5
Violation of Areas/hours 3 11 1 3 2

Violation of Related Laws 47 61 19 37 12
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Fig. 2. The Number of Excursion and Ferry Boats in Distress.

3 gle AvEI oA B9 S 3
gl Auto] St 5 olelo] oJste] 712l HS W 9
dlo) BYgels HEoters Ydolet 4 o) drkMinisry

of Oceans and Fisheries, 2020a). 22 %
Aol BE AMMI Aubdoe] 12u]F o]/de] Aultd
HAARRE A&

stal QI CHMainistry of

=

Oceans and Fisheries, 2020b).
A, 24 F Addoe] 120H HRke] AF A uk

)
el s duketddol A fAslal e BUA V1S 94
o] WA, o]Hd A8 F-=HY A E FEAY
of oJsjAgt Hgw=r) Yy, f- 249 kg f-
EA AP AAE S SRS BEHo R e 5
AR A Aubdo] 120 vk 48 f-E=A9 5U4
A9 e AFES At a A gk

oot -4 A2GFEFAARD) AllEsA A8 7]
Z) 2 ABFEAA) AldREARL, A4 =% 59 7]
)l A AukebAWle] A8 Wk g FEAe A4 A
A 2D AAY THY SHS 24 AR A3REEA
e = o _i_) l

S4 49 % A4 ¥ 1FS

Qe e Aol

- 793 -



O F-=Ae 4 A9 574 2 Ado] s &
g ¢ gl A2 WAHS 0352 FEHE UYie gto s
Eid=

@ =4 Al B8-S A e A, §E ssUR
AL S 9 1Heg At

® ZXe] AA) F2 Aute] Zdolxnlxzlo]e] AAlH
ulE] F-3]9] 109] 70 0395 Fate] I gro g &
o, 1 9= Eow )

@ =Xo] AR &2 AMute] Zolxu|xzlo] o] AAlH
ulE] F39 1029 79 055 ¥t 82 #e= 3§

™, 2 9= AAETEE

= Mur7lo]

Ay

120 v

[e)
°]°ﬂ Oﬂ—_r%ﬂ/ﬂb AA Fhgol Slo] Hof LA F-

=l AEAbae) Atdel A s o] Ha4de Artst
o, &7 E‘*’S 7bs AR ® AR S Aol 594

o M=

31 =8 O0% MEAD IR
Table 32 2019d A7]%9] 3 UFHAA AEAILE I
o =X 0oz F2 AYS YERIY.

Table 3. The Particular of Ferry Boat O O

G/T LOA Breadth Depth Capacity
0.78 6.19m 1.46m 0.85m 10 persons
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Fig. 3. The Position of Passengers Fig. 4. The Position of Passengers
before Departure. after Arrival.

Table 4. The Height & Weight of Passengers (Unit: cm or kg)

Starboard @ © O ® ® © Total
Height 175 170 173 164 163 170 170 -

Weight 115 74 54 63 53 78 66 503

Pot @ ® © @ © O
Height 178 174 172 164 161 170 179 -

Total

weight 76 88 68 48 57 84 71 492
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Fig. 5. General Arrangement of Ferry Boat O O.
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= #Fd 2 del 424 194 MiAE 3.0mx04m 79 00359 A3t TF H TS A E FAst] UER A
FAH o AT £ 9lar, 2] A tiEo] FA Ato] ot}

o] 4 EZBOmx08mE E3 == Ut} Table 55 ©]
T 7 B9 4 AYE 77 Astste] UERA Flolth. Table 6. Loading Condition of Ferry Boat OO
) ) ) Weight V.CG  V-Moment
Table 5. Boarding Capacity Calculation of Ferry Boat O O No. Item (ton) (m) (ton-m)
1 Hull 1.0889 0.2583 0.28131
Case Area ?rea per Capacity
person 2 Fcle Deck Plate 0.0081 0.6950  0.00563
2 Seats 3.0mx0.4m x 2ea 0.35m’ 6.9 persons 3 Main Deck Plate 0.0192 0.5450 0.01044
2 Seats (3.0 mx 0.4 m x 2ca) (6.9 persons) 4 Seats 0.0383 0.7030  0.02726
2

+ + 0.35m + 5 Awning Support 0.0787 1.6403  0.12909

Passage B.0mx0.8m) (6.9 persons)

6 Awning 0.0187 09112 0.01704

= 54 0039 24 AP 57 @ HAYo| eSxals 7 Outboard Engine 0.0600 0.6830 0.04098
2930] M Ao BT ASo = ¢, 29 0] HAS| Zope] & 8 F’cle Protector 0.0030 0.5569 0.00165
22 33 9o n2goz AsEt oyl =4 00 9  Life Jacket(Upper) 0.0008 2.0898 0.00157
59 £4 Aol 10402 A AL Aiked, S o 10 Life Jacket(Lower)  0.0018 0.6200  0.00109
Aol (58 4 U= 49 WAS 3.0mx0.6mx 2 Seats 11 Life Ring(Fore) 0.0018 1.5534 0.00272
2 AR Ao g 498 5 ok 12 Life Ring(Aft) 0.0018 11578 0.00203

13 Fuel Oil 0.0220 04000  0.00880

3 EM 002 284 AN
3.3 OOz =34 A 14 Battery 0.0220 04000  0.00880

TA 00ZE AHo] 6.19m=z Auletd o] w2 54
selo] WAE = Autolth. WA, B4 0OEL Fig 63 2 15 Oar 0.0010 0.5500  0.00055
of 2% o)F b Aol A FEEE AAelel Ay 16 Rope 0.0005 08500 000044
o] M3lrt ek £ 0059 AEAL GA] 2 A 17 Fire Extinguisher 0.0015 1.0000  0.00150
A 3 A BAAS FAHS] Yete] oy At FRE 18 The Others 0.0003 0.8000 0.00024
< xhete], A7 AmfrufE - A s o] gk Total 1.3689 03954  0.54114
A3 AAE 5o FEE H REY A 'A4 AA
= 11 == A oJ=lod _

S AL @ FA3E Al wkegd sl Fig. 7 £4 00%9 AA % 2 4 24L& 95}
AEE FAst A4e 2S vepdith
Life F
Jacket | | I I | Life
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5) =4 00359 #d B 93 HAo ot TS WHFE T4
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Fig. 7. Estimated Lines Plan of Ferry Boat O O.
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olelu}- ol FE - A4 A
s, gk 7 2S4S F4317] f18ke], §54  Table 8. The Stability Calculation before Departure - Case (1)
A el #9904 A FAT A9 A S
= _ = Case (1) Weight V.C.G V-Moment
x 28 AL = A A 2] o] A Z] A
oA 55 cmell, 7] @ek 9ol Al FHAAA 28 em A ey o o o
of AHEA AAGE Ao AT BER A
gko] A3} 4] o)X= 7]Het A9 ZF gl Ao 1y = Fixed Weight 1.3689 0.3954 0.5411
olefl, ZA1gk A 9-ell= A A 15emoll ZF F5At 217 Passengers Weight 1.0300 0.8842 0.9107
2% T Folof fAE= oz 7Hg el
w= H o ]L “i] ];,L e u}; L‘ff el ssq  Disp.  Draft KM KG  GM T-Moment Tan ©
Table 7<= A W 2 A A g A 145 0] 24 (ton) (m) (m) (m) (m) (ton-m) (degree)
& el Al dheat Fost FYF D FYH) FA 9
- - = 23989 0446 0.793 0612 0.181  0.006 0.8
A8 Z4ste] vherd Aol
Table 7. V.C.G & T.C.G of Passengers before Departure Table 9. The Stability Calculation after Arrival - Case (2)
Pass Weight V.CG V-Moment T.C.G  T-Moment Case (2) Weight V.CG  V-Moment
(ton) (m) (ton-m) (m) (ton-m) 12 stood (ton) (m) (ton-m)
@ 0.0785 0.8856 0.06952 - 05500 - 0.04318 Fixed Weight 1.3689 0.3954 0.5411
®  0.0905 0.8848 0.08007 - 0.5500 - 0.04978 Passengers Weight 0.8910 1.4001 10475
©  0.0705 0.8844 0.06235 - 0.5500 - 0.03878
Disp. Draft KM KG GM T-Moment Tan ©
@  0.0505 0.8828 0.04458 - 0.5500 - 0.02778 (ton) (m) (m) (m) (m) (ton-m) (degree)
© 0059 0.8822 0.05249 - 05500 - 0.03273 22599 0431 0.804 0792 0.013  0.088 71.7
®  0.0865 0.8840 0.07647 - 0.5500 - 0.04758
® 0.0733 08858 0.06511 - 03500 - 0.04043 Table 10. The Stability Calculation after Arrival - Case (3)
@ 01175 0.8850 0.10399 0.5500 0.06463
Case (3) Weight V.C.G V-Moment
0.0765 0.8840 0.06763 0.5500 0.04208
7 7 5 seated + 7 stood (ton) (m) (ton-m)
©  0.0565 0.8846 0.04998 0.5500 0.03108
Fixed Weight 1.3689 0.3954 0.5411
©®  0.0655 0.8828 0.05782 0.5500 0.03603
® 0.0555 0.8826 0.04898 0.5500 0.03053 Passengers Weight 0.8910 1.1912 1.0613
®  0.0805 0.8840 0.07116 0.5500 0.04428 Disp.  Draft KM KG GM  T-Moment Tan ©
ton m m m m ton-m) (degree
©  0.0685 0.8840 0.06055 0.5500 0.03768 (tan) () () () m ) (degree)
Total  1.0300 0.8842 0.91070 0.0059 0.00605 22599 0431 0.804 0709 0.095 0.106 26.1

54 0037t Case (1) & A 52 2 A4 14%0] A
228k A, Case (2) B2 & 2FA ©% 57 ©7) sHd s
= YA A FAo] S flste] A 71HS AJHEl, Case
Q) B * &4 ©% 574 ©7f shadd o AN 57 0]
o 71Hgk AE 2tz Ao B4 B PR A
*)& Table 6~Table 7 2 Fig. 7 52 7% ARE
Akt A3} Table 8 ~Table 100 YERA AT

6) 574 3 A9l
FA 25kgs 4EH

7) T.CG % T-Moment= & W&
FHE A

52 Table 49] 7} @5} ATl Al 9 2o
] o

S ofy

L

(7 stood : @ ® @ © O ® ®)

Table 814 Y ERA vle} 7o) Case (1) 2 A 524 2 A
A 14g0] A ZFA g AJE A= GM 18.1em, 3 BAM 5
& 0.8°9] v A PG el = FA = Ah 12, Table 99
Case 2) =& & 252 ©% 574 ©7} s g oha U A
Fo] s flete] WY 7IHE JHl A= GM 1.3 em,
AR 4 71L7rE, 8 1d gde] £H ol A
FoEo] AEEE o7 BAHQh
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