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Abstract

The present paper deals with the casualties of bulk carriers, many of which resulted in
catastrophic and fatal consequencies - losses of ships and lives. In fact, the fatality and the
alarming statistics of bulk carrier casualty have long been criticized since 1980’s by several
seafarers. In the paper, the features of hull structure and operation of bulk carrier are, firstly,
examined and, then, casualties and major causes are speculated. Secondly, the issues of
circumstances around shipping and naval architectural circles related to the casualties are
raised and discussed. Finally, it highlights the need and the way for a higher safety standard
for the shipping industry
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Hata 7igo] FHoskstn dgHe AudA 2 AR Ve BEE, AL AP A A
Hl 59 wdo] F8A 2599 UAAME Aute] ddAtne FAHE 08X ¥ U9l 9
7] 2 e ARe dEsd, AaEde BE, 53] 249 A Add §AEAANANR
gl ok 8 veke 4ol uitheln Fvb AAE EF dfR Ao IA EET U]
o, ool W3l AMulel otA Lt A4 A2 Her JAY 2T BFsln 8 vt
o] AupAtagE HIE AA Hete Eujaee VEE @21, Ludddx Alnge 4T3
oH2l.

B dye At AL AT 3 A7 2N, FHFEF, 93 € AP
Z T4 lol 5} EALS AUy, 287 Aol dMAlnd FEF 9L nXe Ao
4323 Y AEIEM( B A3 EM; Buk Carrier £ Bulker, B/C)Y #A9& &t}
ol olm AMA F8 #HF FME, AXole IACS(EALNFHIAZ|F)AAME dFo] EA 4



ZH43< A71eks AL F73n Ael(3-5] BE F5 2t AT

HEFEN ] Atz A didAtnrl a2jER, oA, 54 HRE Aol oldh. addx
ofAE AEdel WA BAHEAE, AvHI dutde Ao dE dwle B2
B2 #dUY s5HA AAE & 5 deul, HAe Ao B3 g4 At FA FAlo
o] A3 s87HY AT

A, AEEAY FANF dF FAHHE ABEGE Tab. 13 2ok F, FEFGD A
of AA U9 W& 72k 30.8%, 54.8%< WA, Aol oM ZZ 65%, 55% IS B
A ol ¥ AEAH Bre AL vedin, o123 $yate A AEAHY FEF FA
7t FAEFS AA e Tl AFdithe e YEdH. (FnHo R HA MAY fRA
MEFS 24T FARE WHE, 2 A5e i 32 24 ol FAAEE 4E83EA
8] T84S AAEte A2=2A Adute] (AL AAIE AT, Zidel Ao ol Tl dig T
I aFo] FAS ojFoixol & ot

Tab. 1 Statistics of fleets of bulk carriers and tankers 1992[6]

World Korea

No. of Tonnage No. of Tonnage
Vessels| % (GT) % |Vessels| % (GT) | %
Bulker* 51901 65| 136,826,466 | 30.8] 118 554,121,613 | 54.8
Tanker** | 8444 | 10.6| 147,354,285 | 33.2] 136 6.4| 594,714 79
others 66,211 | 82.91 160,124,168 | 36.0| 1,884 | 88.1|2,802,158 | 37.3

sum 79,845 (100 | 444,304,919 |100 | 2,138 100 7,518,485 |100
*) including OBO

**) including tank barge and chemical tanker

2. AEAEAAF FdAtn
21 AEHEAM

AEHE ‘vighe] YT (Workhorses)Z2 ddojd Ax=2 &9 A4S Qo] ML £
e 5T 8L 31 AUtk 7] ole dwd] AHF u]§ A (Cost-effective)ol ol &
i AF UiQle T2x] Rj &£ B4 HLE wol olRE Aotk AEHL 1950dd
%4kl closed shelter-deck cargo vessel, 2% ‘trampA’'s} FAguldoz e WA ol A
o] H7)ek £Ate)] Qo] FAHoZ wgs] & M¥Poldth F, 19609 A= FAHHIE] 1/4
gro] AEHoE 4 HAo W, 19804 o2 Ao EE AFHIEo] B HAEd g3 £4H
Atk Yol 19661 A EeAH FEA g MO TEd diF Wy MNPz EJANT Az
E4 9 AYLA MNP ol AL, (A AFHIEW 43E) HEAHE, a3 OBO 2
19803 o]l TAF conbulkd-& HAIF AL AEM Fo EHY A 254 ol21 )k ol E
F 238 ZA &L Be, A 39715 A Y(Geared B/C, Self-unloader) 3t€Adulrl nul g 3}
Tol &3 AHY AP AL3H e o, AEAHo] ksl 3 Ee FFE A9y
3 FAANE 53] AFAM, Mgk, JE, BRI E/AToY, (L) AR Fol ol Axgh

Fig. 1 - 32 &z} HYAH AEHe] dyhlA], A¥d FIvd 123 SEF Yo 7=
Yoz g HAs (389 SAo wa}) AAMAHoln ARHoZ ¥ 5 Y= 4AIL
o Arh R FEFLS vFo] £ IEL HAY 4 UES B H(strengthened) FZ2E A
Yoz ot Ad diFEe] AE ML single skin(Fig. 322 AzH v} olg] FTxE olRiyw
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Fig. 1. Panamax bulk carrier{7]
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Fig. 2. Trans. sections of various-
bulk carriers(8]

Sideshell frames
ang end brackets

Fig. 3. Typical cargo hold structural
configuration for a single skin
bulk carrier(5]



22 42324 AT

19719 ol E uid HFFed AEHMol &4, T HAEFHAJXL oldl D. Foy, P. Boyle, J.
Richardson &9l M ¥(seafarer)E9| Az EAAAGE B13tn B F309 I3 @4
yelubA] gftth 3y 1980 W ¢ 1990l ZytolztR] AlgH AB AL T Alng, AlaAlS]
o A (catastorophic) §A4 3 djdd A@Ed e 2T Fa 243 2 F7h 48U € A9
FEE UA HATDI) A Hoz HEHY & HIATEL BE AF9 ¢HHA g Bt
2 A AE =93t AZIE vldEH[10] AT YA AnE AT FAMH 2
77 AP Yot 53] e Ae, &4 2L 2F EAld o 2P dwigle] FAH
AR A4 B2 =97t o|FojA 23 Ax W, AEAH FIHME FulFHoE &9
AR A el F1 MG a2y f3 AEQQY (AEAM EAld did) i EE2H =9
(311-13]= Z= o olzg JIACSIAAMZA JASPAE AT M 2L MAFZRESL HA ¢
Hao] B ZAE([514]8 ByEr|o] ol2Fon, volrl Y8 HFHIAME EAFHe R MM
¢ T2 WF7] A& oI5,

Fig. 4@)st 4b)x= 74zt € 4AF3 H4EH9 Alugd g SAAREA, (P71t 4
ol3tAgh) ol9 HiWBHEY A4EAH & HEHE UE EEF AL EALE ¢ 5 A F, 2
Ede Ae, 4%50%)3 HF529%) 0] 27 ALo] RE MAF9 B-&89(HAZ 0%9 11%)E o
4353 S L B Fr) ol AEMY ATt FF £ANY HFHoZ DL S ULH T
ZRA e BAE X S4ol FE9 o]F T g (57t A42) Aol FRe] &40
A= AL ofngrt oluf 77 o9 FHEFL AU (50,000 dwt ©144l) PanamaxdF ©l4
of A5Hde] A, dutAoz dA e AT ALz AAJE FEEHIA FEHA o
B, @tzhA], ol oz A|RY T £l &4H ATl FEF o Rog Avy
A= AL £ 4 At ol AR EA ] tialHe 370N 2AME A3sls o).

Wrecked/Stranded 905 %

3080 23%

Caollision
2063 18%

Miscellaneous
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. .
1734 13%
Hul/Machinery
3864 29%
Foundered o
1307 11%  Missing
53 0%
Fig. 4(a) Serious casualties including Fig. 4(b) Causes of bulk carrier losses
ship losses 1980-1989(16] 1990-1995(17]

FH HEH FAME FHutMde He & AEM ulE gFHG AlLLL BQtHFig. 5).
ol HIFo] € HES HAY TF EX 2 ol LHF A/ UL AAGD A=
olgld 5L My F7F 2 u]{FF fA el (maintenance)d A F4), Sz FAo] sl4Eo
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Fig. 5 Dry bulk cargoes lost by
Foundering 1990-1995[17]
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Fig. 6 A fault tree description of the loss of a bulk
carrier carrying a high density cargo[18]
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& Ze dlaAbalel £Aolu Aknspection) AHE B F& Wel Y FaHolw =l
Ql Z7o] Fhsdth B FolAE, 4BMS Hgol £HE BT}, WA ALHEH 19 Fa
Qe AT, 22l Abne) M- 2AL, AF, AF 4L -dMY BAYE DRI

31 sdAtme Wgst 7 4
S, AEA A FAS 49 GeT g 54 FAT 4 Atk

(1) AL Aure] of 75% & Ado] 153 o]Afelr)

(2) Meg At o 5% e FAHIY & v Fo] & EE AL woln.
(3) At ] oF 10%+= AFolt

(4) Ak3e] 70% o142 FAAo HA gt

(5) Atare] A3Fee HAA S (progressive flooding)el 7ot

ojg} o} ABAHY AlnUEE EFHHo = Aur] 3 A2 HFEED ¢AF 52
F F4F g3t= A 299 238 49 o33 2oFig. 7).

(1) side shell frame : ¥4, cracking, grab® E=A (&)l 2§ (mechanical) damage
(2) A e] ZA s} bulkhead stools : grab damage, buckling, 3-4]

(3) cross deck structure : buckling

(4) HEFF F2E : cracking

(5) web frame3} ™-$ ballast tank : cracking, buckling, coating &, 4]

(6) bottom plating® hopper plating2] A9} : cracking

Fig. 7 Problem areas to be given particular

attention during inspections[7]



Aol wal, AAole AHAMNER AFEAL 2 A7 AR OE FE YA, ol
AgMe] AFHQ S4olat T F Ak Wl FAYF R ol Aol FHAHo R AI{E
o] 29l ® 4% gov, 2 Ao FaAYPD FFAHQY AL FAE ¥E Aol Hol
o, JEnd oo 2Ry, FRZES AAAAY Fa4d tie] & 845, d§ 89, ¥
gy sduy, FARY, FAEE 5ol £ a3 & IAE 5+ UAHB8L

orx 224o]Ae) AEA AFEAD A do F2H AP R AudEe FFLAS T
e ohen e Ane A3 ye-E #3% F Utk

(1) Side shell structure®] 3}<(failure)

ol 2Ad BZAA, = side frames$t hopper structure® QA= brackets®] HA=ZFE
(fatigue cracking)el 71Q1@th. #4=2) A 315 (hydrostatic loading)& &€ frame2 2 W gl
side shelle AAHE Yg e A& BAAd (AFHe]) IA2Fdd2 olojx ZAX side
shelle A A& B3(progressive collapse)E A "tk (o]} FAMG A7t AL F2de 39
H ouglAE gIdqax &3] whdEd)

olw, 32 Fet Xt §19 AL AHAY & Utk 53 M9 B¢, 7tA4E Ad
vlerg A8 W& ole B9 EFEC o] Ulo] H, AAFH AL LEIY A
ole EE sldso] 49 YAsterasl e FHAA JFAE BAANG Yolrt ol AstE o
olAbg}Er A w4y, A4lel QQle] B wwr oplal, uPAE Ad Af Ao FES oF
(shift) 0.2 Q1§ BEehgs RYAx Auel J¥E YA ok E=F %2 ©&9 FF(sulpher)d
Fee A 4719 R FAHE W& side shelle] F4E Jo7)7] 4o @4, HEH 3
29le] 259 xole FHEF Uid olZ(sweat) @A &1, olE9 $AL AT F4& 4L
ZITHFig8). ol 2Ale Fd3] 828 WAl(protective coatings)oly #E #FA A AER
o2 ot E 7]

CARGO SWEAT SHIP'S SWEAT
AIR WARMED
CARGO SWEAT AND GIVEN MOISTURE
WARM \ _ WARM cow BY CARGO CoLD

warm moist air
admitted to .

~jcoLp

: COLD CARGO
“(LOADED IN A COLD ARE

Fig. 8 Cargo and ship’s sweat[7]

ols} BAstd, HEAHFAY & FREAMNY E4E BAFY. F YA gL dg
Aol b5 Haeol AIRE 273e] AT grab, BEA, fddriel RSl o 1 8FH &=
£ HuyFoz Ik ol AT AYFe] Mutde HPX ¥ Po HEF d FEREA
&4¢ 95 Foh oA w39l &AL 53 single skin®] At 44T 5 3o

Agxdel 2FEIT EAAM AWUTRA, FHI ZE uFo] & 389 79, alternate loading
2 37 = ol Male eld we $AWUSE Al ok Bl9r] R HEHA Fol=2
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o135} #59] dFo] FE os] HAEA E3}Il side shellz A2HHFig. 9). ol AEA
o] AAG AT Us A3 E & AT FHFEXY EA @& E el AL block (E
£ adjacent hold) loading®] Z-f-°ltt. ol MZE ol 3EFH & A (§9) &F 29
22 ueA e Whioz Mulo] oy T E Eeiol @ A FF 2AU(7]. ol AAF
YA 2§ 3Fo] FolAA Hul, B cross-deck structured|= 43T 5 A "ot
(Fig. 10). o] A%, 243 522 93] bracket ZEAE A F= 5o o8 sEo] &
= ATH7,211

P R
T

1 /*lm L

T

1 1
Bulk Carrisr/OBO Bulk Carrier/OBO
Siagle Skin Siagle Skin

Fig. 9 Hydrostatic loading of the side shell with different cargo loadings[8]
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Loads on Corrugated Bulkhead Loads on Cross Deck Structure

Adjacent Hold
Loading

-

Accordion Effect

Fig. 10 Loads on corrugated bulkhead and cross deck structure[21]

(2) 13Xy 23

FAE EEke AT, AAY olFAe dA dFT FHFA &4, HETEEAY BYLT
ToE A% FAEFH o ©E WA B4 vlEo] 53] B 4% AdE 5T A
Hoh ole A9 M2, &4, ¥ € JI3F P45 oA "ok BEY, olFA= AAETA
o T35 WA =Hul, BFY trimel o3 2 9L oS 43td £ At g FANAM Y
Fo7t §3 78

(3) e YA A5
g HBHAA shte) HEFe P47 HuFE 2R A3 Wk £ASAE @

o FF 2L BFEF Aol £ JAYE T FIAY I =Hol Wl 4L JhH 2T
ol ¥AM AHF block loadingell 7191 4 A1 o}&2] HA4FolA FAo oF green water
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2 Fol BT £ Ut ol AT AA B3I rE9 dute] He, Fre Fxol o4&
ZA "t Ao RS FEo AFE Yo F Yo MFEH o gEHw, AF
143 2P g A & Atk dvoprl, B 4249 A, £2AH Al 8t

A42 A ASFY £ sloshinge] FF-E melshx] &7l A géi o] Zyde
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32 AT E ER FH BAY

Cremers{23]2e] A Hgjz 2429 AL 7]&H(technicaDY FAlelth. AMd, 4B 2] ¢hdd
A dPEEe BAFEL wEzed Td did 71eH a2 £9 AA = Uk 2¥gd
e AL 7143 At A& (implementation)olth oldle AF, AFG¥Hs adum AL
Bk ohujzl A, 849, &F, BEPAL A T AubAd g 2E FHAQAY FF5H
9l Fojyl a7 AHoly, A b Foro AJPH rAATY EAIE @oH23-25]. ol 7l
FE Ao BE Augdte] AF FUIe EAlolrlx gtk A 2A, 2%t #dtd vle
o] Wty CEL ZAMIEe UEe A  FdE RETE iR AL 447 HAE 4
F AegFold 19 AZd XFd gt A AU Po] ohlrh F2 MF W LgQle] =
Zjstajol & ule] AT AL XFF A2 FHEAY Asrt FAHLE ALHA RIAY
n&F IS A AT o2 ol F Mulbdd #YE FHe EAFS T2 HAFHY, =
M, ME 2 82 oz trEri{13,23]

() A543

¥ Fe MEHIAe dAZEE $U43 & v olde F3 AP sFTATe] uHd A
o 2A Mutgt g3Qlo] He AAde A/t Jxe Aold. & HEL TFT F X o FT
oA Feld F Jon HAE EF 2F oFoR FAHIVIE T FI T UALEY WHI}
%% 87sE 9, 2 Ado] BolFARE gon, Q& AL AATIE . sAAYA] 37
 EolallM AP &2 Tt oA IIE 9 FAHAHIE Foh. HFIACS)FAAME
el ol mE H3go] ATz &4 dodud FAHZ flvtar sy, 7ol 73 =
ol Y 7|x 3] o}&2] deballasting® 7l o]FoiFol & A3zl YFHoz A
A% AAFFze] BAE o & U diAMe FEZH U ¥ Aotk F3F, &9 o
T ET ZAE olEHoZT o|RoAAE= Yt & AAlY e H4 § ot 4
g 21 AdY Ax 5ol B M Ho] Hadnt. I Ao HFY ol
7l M2 B2 27t A= /N8 & AL Aotk

dupe] Azeh #AZ AZ27% 2 = $U FAAM 2HAs HFTY JleRFRIt AF
2 A= AFHA &3 don, Yoyt ojgte] dddizr} vlEsit & 5 ok =4
Lol A= Algel id M ZAdD dBA AH3te W, AFHYAME dFee] &A%
Aol flel A9 a7 Ao = AP ook B HFHY FEIPL fle A= AHH
olof gt} Mulel] FAFol HARAYE W FIFFe] HFHIe AHdLE E{3}L Je e
AT A delFA FeE ol YA TRl oldE £ glon 4F BF B 22
Aol 3l ZA #HFax e AL B

(2) ZH A

AGHE e o] AYPe 2T Ao pig ZMAoME AAl4Hdirect calculation) WY&



gk EAE 2 23 e /M R WlE S0 Yz gl dx HANF MF 8T
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g AU #Htm TUGD T 5 Aok volrt AR B EFHA ZlEF A
710l ¢tol&tA e do] glojof & Aolth o] £ or 1970¢W Ftel] =€ 1%
Ao AL vl ol oldAHA ¥=xzol JEH CADS Tgo=2A Af HAA(safety
marging)S Z4E 31 UG

AR ZHLAME £Foldle HAE g0 UrAe AgdFe - 2R7E $USE MdE Al
71 - 44Fo. ol FFL ZHd o] PCol AF AlAE-Fe Folo ol FIs AA
£ Rolx YA B3 108 ARt dE AFEL 2HLY HAS FFEUT ANLFT YA
EZPn AE/E Aok 8, dAlo) feedbackel ® £ AX, Hopyt e 3 2 8o B/
Al ZAger FRE 2w YA Edoh dE Eo] FHVIEAEL B AEHE] HAFEYS
7FA D Pt AL d4dm YA Edles B3 ot AFE-RL T2 AACdA B
o ¢tATe] P3F-S F A gon utald olo] Exle 39 HJolaty FAG ol AFE
A gL A YAHAN26] AFEPT EgAdate] A6 diME =97t 878 AT
[27]. @A Cape-size®] 7%, WS2EQ] 833 A7t R34 K3l fully ballst FejallAE
Alg A FZ(slam)-& e light ballast AelE AUX]A 71 9] - sheltered watersel A7}
olUR - ERX £5g8lE A+ Uk

AMutel BZ7]gto] @X] 1deltt By £35¢ At e 49 feedback HA] 12704
o It 2 Bl FAVE IF AL aRew FEF ZA0E XREHY I Fo dde #8
€ e 2AL0F bty 32AA 2 2P A ti3 1089 RFVIE RATOH JHgS
2ol gatA A FAE7}? AYSF(manufacturing standards)2 A4S gkt =dAA L H4
o] REVNEE FAF A olF & ok 2FA o MFAA i d3 BF2 st=d
T 9 HAFe Ay 9o A8 AL H33 AL FANAS?

AFEIE 2HL2d AT ZUgE 2447 £33 F7He] 873, F AAA, BAH ¥ FF
of @z} - niz] FAV|Fo] dol P X - $F1 Uk AUF, Mute kA AnE AT
EMMEe 23 A=A, AL 2 233 g9l Ui mEst AR AHY Aolrh28]. Y FAL
HEIT QAZF3d+= do AolHE FLE 7 ol g ojokgt ok

@ 47 2 2874

8- (Shipping)& Aol XNFsn A7I7t Fr1Hez ¥k Adolth daA dFE F
Age] v 8o WAL T 8371 FFEH7] Ak A 2 ¢ JALD IAF= A
o Mute] gA@EE A9 HAAdxzol WERT wet Aol 7]1EH(technical) FHi= 45HH
Aok olel HlGAHE EF HAuLAdT ¥ AL I F9 Fa, Bo AU Y Ee
Aol zAAnge S AAF & AAE FUD. olHT AR FFL EF AFE AT
2% F710 ZdAGE §4xE g DHHAUY, Y¥FYddRT= FHAFE A7l Atz
H R 5L HYd TFHoIUT F, oAz B BS dFs T, Aty FAL
FHAe A i AU

259 4Fe Wol 24 ] §4do] EX don =2 AN FH AxgF 7L
v vujdrte] #4E ogA . &, AF2AE Frldive ARedE T 290190
o $a83 =Heon ARAHoR F£EF Adde]l a7HA HAW olHF FFAM dFs
SEAEL AuptA FFdo GIF 2L FE FAS] EAA Fojof T Aolnh
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