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A Study on Double Bottom Structural Criterion of Oil
Tanker under DWT 500
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ABSTRACT

With the effectuation of the amendment of MARPOL 73/78 on 5 April 2005, enforcement
regulations of Marine Pollution Prevention Act were revised in domestic on 12 March 2005 that
double hull structure was required to the small single bottom oil tankers under DWT(deadweight
tonnage) 500 ton for the protection of the marine pollution casualties. The objective of this study
is to develop the double bottom structure of small oil tanker under DWT 500 ton with superior
crashworthiness and to establish its suitable standard to double bottom structure. The promoting
strategy of this R&D is classified into the crashworthy structural analysis of small oil tankers
using LS/DYNA3D code and the examination of their damage stabilities according to tonnage. It
could be thought that the desirable inner bottom height should be above the B/7.5 and its

minimum height 0.65m for the domestic small oil tanker under DWT 500ton.

% Keywords : small oil tanker(43--2241), double bottom structural criterion(0] 5 A -2 7]5),
LS/DYNA3D, crashworthy structural analysis(W %2 +234]), damage

stability (£A4F A] EA4)
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Table 1 Principal dimensions of small oil

tanker
Ship A | Ship B | Ship C | Ship D | Ship E
LOAMm)| 2887 | 3110 | 34.32| 40.10 | 54.00
LBP@m)| 2500 | 28.00 | 29.50 | 36.00 | 50.00

B 6.00 6.50 7.50 7.50 8.50

D (m) 2.20 3.20 3.80 4,00 4.10

draft (m) 1.87 2.80 3.50 3.40 3.70

GT(ton) | 64.00 | 95,00 | 149.00 | 183.00 | 277.00
DWT (ton)| 144.85 | 298.78 | 425.80 | 558.16 | 679.65
B%t]%%m single | single | single | single | double
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Table 2 Penetration, location and length of
fracture at inner bottom (unit : m)

Ttem Rock | Small | Paul [CONV/| ADH/ | ADH/

location | O.T. | Buck |PD328| PB |PD328
Penet— | center | 5.5 7.4 6.0 7.1 7.4
ration |off-center| 58 | 6.9 | 6.3 | 6.7 | 74
Fracture| center | 4.7 | 46 | 48 | 50 | 5.8

location | off-center| 4.8 | 4.5 | 4.8 | 5.5 5.3
center | 0.9 2.9 1.5 2.2 1.7
off-center| 1.1 2.7 1.6 1.6 2.4

Fracture
length

4. 2PF2A Yz #2304

Table 114¢] A3}5=F 5008 w9 TAL2
24 Ship A, B ¥ C& 237404140l <3l
o|FA T2 AWM (scantling)ste] A4l 0]F
ATz 249 WEz A e sk
Ship A%l 4% o]FA =017} 0.65m?el O] FA+
22 Ship B A% 0.65 9 0.75m¢! oA+
%, 7283 Ship C¢ A% 0.65, 0.75 %
0.85m¢l 0| g4 22 AAWH skt



M=t=gf 500 0|BF RAMO| O[ZXLAI|E S+

U 71871, skdd, AAY Hx&E 5o
T2 Wz R Ay L] Fagt
127} & Aot} Fig, 5+ Ship C] 0]FA] &0|
0.65m¢! 739 TE&A e olA 2 7HA] Al
25 Bl oty 2 Aol A eyt 2+ |
Fz F2A Aluke] o tigt £ ATE Table
30 QoFstelet, 7k Alue] 2.9 case®] A w4
+ Ship C, B ¥ A, F WA F =4k= o154
Eol5, Al HA JEA = AEre] 554(Even
kee)9t E(Trim) STAHE, Ul WA Y2k
TEA(Full loading)2} ¥retAE (Ballast) 3H5ATEl
, T WA & 22} e Yaae WA 7

C65EF6S
/— CESEF4S
C65EF15
C6SEF0S
7
No. 2 No. 1 l.![Zm
2.30m 208
2.52m =3l
oo 1
U g asm gkt i 5 £
e [V T R ey

F.P

Fig. 5 Configuration of Ship C grounding
scenario with 0.65m inner bottom

Fig, 62 ot F25142 918 olgA7x
§2410) $3H0L BUS BoiFT gt HA=
e H2EAY) G W ok, deln

A4 AARR 3 7190 AAE R A

(b) upward overview of small oil tanker

(c) deformable D.B. structure w/o inner bottom

(d) deformable D.B. structure w inner bottom

Fig. 6 Configuration of F.E. small oil tanker ship



Fig. 78 AU2] 2(C65EF65515)2] £xAFAlHo]
(@ASolA vl 18, )AA A vt 1
d, WA flollA ok 2 29 9 (@A
s AAT AAE oA Wt 2 13s 2
o] =01 Qlt}, ZF A 524 Ship C, B Y A9 &
FANE FAHCR xS AAAY(rock
penetration length), A2} WA Z9] dhrto] i
2 webzlo|(fracture length) 522 422]3}s10]
Table 3°i 8.2Fs}3ITt,

(a) side view

(b) bottom view

(c) inner bottom

(d) bottom without inner bottom

Fig. 7 Damage configuration of
C65EF65515

A A2 500 o1l el 285=
ojATEE HYLHAYAY A2 Hr6o
18%0]| wet axzol7t B/15m opde] Hojof st
I 4k 0.76mASEE 600 v]gke] 79
0.65m) o102 FASIL Sltt. Fig. 8@)2h (b=
2}k Aekgsg 2,000 m]Rkt 600E meHe] =

1.5

§ H =0.0003 * DWT + 0.3048

BM5 (m)

h=

& Ship-A
O Ship-B
- A Ship-C ]

1 I L] I 1 I L] ' ] l L] l 1 l L] I 1 l 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000
DWT (ton)

(a) under DWT 2,000ton



1.2

L) l L) I L) I L) ' L) ] L)
H =0.001 * DWT + 0.491 p

1.1

0.8

1.'1'.|.|.|.

0.9 =

0.7

h = BI7.5 (m)

0. ﬁ5rr|

0.6
Ship-A SB |

&

O  Ship-BSB |

0.5 A Ship-C S.B ™
Iy & Ship-AD.B

0.4 = ' Ship-B D.B—
- A Ship-C D.B o
03—

L L L L
0 100 200 300 400 500 600
DWT (ton)

(b) under DWT 600ton

Fig. 8 D.B. height distribution of small oil
tanker according to DWT

R R2AMY el et 459 BRE 4
sto] AheHEege] Tt 0137 o] h=B/I5 % h=
BT.59) HER ek Zlolct, AekEet 500E~
2,000E Aole] S 27 §242] 034 %ol h
—B/15%= TR 0,76m o|lo]a1, AlZ]o] 4 o]
%) 301 0,65m Mo} Are 243 o 4 glck
o)e] 2 Al Wik Tal W olgAT
£ HES B A7 ANE okt ket gt
LA R AR} e AP 2 B

XWO XH [ OIWH o l, EES
oz

N

M=isgf 500 0|2 RAMO| 0[SAFAI|E ST

A ARt

Bz 7234

to ox = W

BRI 4= it 0le1 lnom ¥ 24
& Yzo S<=skAT, Ship A, B 9 C9
o]FA Eol2A 17+ 0.65, 0.75 E 0.85m
O]APO] ;Hz‘ﬂ—g].r,]. hg%r,].

Y&zl He} gt OI%‘—XH%EH—E
A 595 BATE $le MY
SHEA] TaE S0l Ao H}%@é}
2 At Aok 500E vIRke] =
% %*194 13—11 ol h=B/7.5 o4

=

R SO
IS lo_ufl‘>

_%
2
QL
H
B
>
j=)
m
a1
B
o
o,
E
_\'ﬂ
rlr
pac) o>‘

2
i Aoz Akl
FHEN o|FATRES FRUHOE
I5to] ABHFHEST HolAld SR

A
0]
LN
AE ad olFATR fxH] gl
g

A5 A OP—

1o
Jo
N
U
rlo
s
ofN

2
-
N

10

AetEg 500E mRke] &7 o]FATE f2
M) &4 A Bl 5E AESH] 9lste] Fig. 2
ol Xt o] AR ] 23352 A5 500E
mREe] *%%Zﬁﬂ A7 E 7|22 8}o] Table 1
o] el Fx 24191 Ship A, B 2 CE 470)A]




Table 3 Damage results of full ship grounding simulation

case

rock penetration length(m)

fracture length(m)

bottom inner hottom
C65EF05C10 F.B. ~No.ImidC.T. 3.80 F.B. ~No.1mid C.T. 2.55 -
C65EF05B10 F.B. ~No.3 fore C.T. 6.65 | No.Imid~ No.3fore CT. | 4.60 -
C65EF05S10 | No.1fore ~No.3mid C.T. | 574 | No.lafter ~No.3midCT. | 4.75 -
065EF25C10 F.B. ~No.lmidC.T. 3.1 F.B. ~No.1fore C.T. 148 -
C65EF25B10 F.B. ~No.2 fore C.T, 414 | No.lmid~No2midCT | 195 -
C65EF25S10 | No.lfore ~No.2mid C.T. | 4.53 | No.Imid~No.2midCT, | 3.27 -
C65EF45C10 FB. 2.92 FB. 0.20 -
C65EF45B10 F.B. ~No.lmidC.T. 3.61 No.1 fore ~ mid C.T, 135 -
C65EF45S10 | No.1fore ~No.2mid C.T. | 3.70 | No.lmid~No.2midC.T. | 181 | No.lmid~No.2foreC.T. | 1.06
O65EF65C10 FB. 2.74 FB. 0.74 -
C65EF65B10 F.B. ~No.1 fore C.T. 3.38 F.B. ~No.1fore C.T. 0.15 No.1fore C.T. 0.14
C6oEF65S10 No.1 fore ~ after C.T. 3.12 No.1 mid ~ after C.T. 0.91 No.1 mid ~ after C.T. 1.04
C65EF65C104C FB. 2.76 FB. 0.85 -
C65EF65B104C | orebody ~ No.1 fore C.T, 3.37 No.1 fore C.T. 0.28 No.1 fore C.T. 0.16
C65EF655104C F.B. ~ No.1 mid C.T. 3.93 | No.lafter ~ No.2 fore C.T. | 0.72 No.1mid C.T. 0.40
C65EF65C1S F.B. ~No.ImidC.T. 4.60 No.1mid C.T, 0.83 No.1fore C.T. 0.28
C65EF65B1S F.B. ~No.2 fore C.T. 0.37 | No.lmid~No.2mid C.T. | 190 | No.lfore ~No.2midCT. | 2.58
C65EF65S15 | No.1fore ~No.2mid C.T. | 5.75 | No.lmid ~ No.2 after C.T. | 4.00 | No.lmid ~ No.2after C.T. | 3.73
C65EF65C154C F.B. ~No.lmidC.T. 4,84 F.B. ~No.1mid C.T. 2.63 -
C65EF65B154C F.B. ~No.lmidC.T. 0.87 No.1 fore ~ after C.T. 3.01 -
065EF65S154C | No.1fore ~ No.2 fore C.T. | 6.43 | No.lmid ~ No.2 fore C.T. | 3.98 No.1 mid ~ after C.T. 3.13
065TF05C10 F.B. ~No.lmidC.T. 3.62 F.B. ~No.lmidC.T. 1.48 -
065TF05B10 F.B. ~ No.2 after C.T. .65 | No.1mid ~ No.2 after C.T, | 3.91 -
065TF05S10 | No.1fore ~ No.2 after C.T. | 515 | No.lafter ~ No.3 fore C.T. | 3.89 -
C65TF25C10 F.B. ~ No.1 fore C.T. 3.16 FB. ~No.1fore C.T. 0.67 -
C65TF25B10 F.B. ~ No.l after C.T. 3.74 | No.lmid~No.2foreC.T. | 156 -
C65TF25S10 | No.1fore ~No.2mid C.T. | 4.19 |No.lafter ~ No.2 after C.T.| 2.38 -
C65TF45C10 FB. 2.92 FB. 0.44 -
C65TF45B10 F.B. ~No.Imid C.T. 3.53 No.1mid C.T. 0.54 -
C65TF45S10 | No.1fore ~No.2mid C.T. | 3.60 | No.lmid~ No.2 midC.T. 1.50 No.1 mid ~ after C.T. 0.99
C65TF65C10 F.B. 2.75 FB. 0.55 -
C65TF65B10 F.B. ~No.1 fore C.T. 3.26 No.1 fore C.T. 0.45 No.1 fore C.T. 0.25
065TF65S10 No.1 fore ~ after C.T. 3.09 No.1 mid ~ after C.T. 0.72 No.1 mid ~ after C.T. 0.91
065TF65C15 F.B. ~No.lmidC.T. 4,50 F.B. ~No.1mid C.T. 1.67 No.1 fore ~ mid C.T. 110
C65TF6oB1S F.B. ~ No.2 fore C.T. 5.04 | No.Imid~ No.2fore CT. | 148 | No.lfore~No.2foreCT. | 197
C69TFE5S15 F.B. ~ No.2 after C.T. 0.41 | No.Imid ~ No.2 after C.T. | 3.23 | No.lmid ~ No.2 after C.T. | 3.08
C65TBBC10 | No.2 mid ~ No.4 fore C.T. | 5.00 | No.2 mid ~ No.4 fore C.T, | 2.37 -
C65TBBB10 No.2 mid ~ No.4 mid C.T. | 5.61 |No.3 after ~ No.4 after C.T.| 3.04 -
C65TBBSI10 | No.2 after ~ No.4 after C.T.| 4.52 |No.3 after ~ No.4 after C.T.| 2.98 -
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Table 3 Damage results of full ship grounding simulation (Continued)

rock penetration length(m)

fracture length(m)

case
bottom inner bhottom
C65TBBC15 No.2 mid ~ No.5 fore C.T. | 7.18 | No.3 fore ~ No.5 fore C.T. | 4.81 -
C65TBBB15 No.2 mid ~ No.o mid C.T. | 8.31 [No.3after ~ No.5 after C.T.| 6.02 -
065TBBS1S | No.2 after ~ No.5 after C.T.| 6.95 |No.3 after ~ No.5 after C.T.| 5.62 -
CT5EF52C10 FB. 2.81 FB. 0.41 -
CT5EF52B10 F.B. ~ No.1fore C.T. 3.40 No.1 fore C.T. 0.23 -
CT5EF52510 F.B. ~No.l after C.T, 3.13 No.1mid C.T. 0.56 No.1 mid ~ after C.T. 1.35
CT5EF52C15 F.B. ~No.I1mid C.T, 458 F.B. ~ No.l after C.T, n No.1 fore ~ mid C.T. 0.92
CT5EF52B15 F.B. ~No.2 mid C.T. 5.63 | No.lfore ~No2mid C.T. | 3.34 No.1fore C.T. 017
CToEF52S15 | No.1fore ~ No.2 after C.T. | 5.85 | No.lmid ~ No.2 after C.T. | 4.34 | No.l mid ~ No.2 after C.T. | 4.07
CT5TF52C10 FB. 2.1 F.B. 0.56 -
CT5TF52B10 F.B. ~No.1fore C.T. 3.16 No.1fore C.T. 0.59 -
CT5TF52S10 F.B. ~ No.l after C.T. 2.94 No.1 mid C.T. 0.46 -
CT5TF52C15 F.B. ~No.I mid C.T. 4,44 F.B. ~No.lafter C.T, 1.81 No.1 fore C.T. 0.25
C75TF52B15 F.B. ~ No.2 fore C.T. 496 | No.lfore ~No.2fore C.T. | 2.51 No.2 fore C.T, 0.32
C75TF52515 | No.1fore ~ No.2 after C.T. | 514 | No.lmid~No.2mid CT. | 3.20 | No.lmid~No.2foreCT. | 107
C85ER37C10 F.B. 2.65 FB. 0.46 -
C85EF37BI0 F.B. ~ No.1 fore C.T. 3.60 FB. ~No.1fore C.T. 0.21 -
C85EF3T7S10 No.1 fore ~ after C.T. 3.23 No.1 fore ~ after C.T. 1.00 -
C85EF37C15 F.B. ~No.1mid C.T. 4,39 F.B. ~No.1midC.T. 2.43 -
C85EF37B15 F.B. ~No.2 mid C.T. 5.72 F.B. ~No.2 mid C.T. 3.05 -
C85EF37S15 | No.lfore~No.2mid CT. | 577 | No.lmid~ No.2after C.T. | 3.75 -
C85TF3TC10 FB. 2.1 F.B. 0.82 -
C85TF3TC10 F.B. ~No.1fore C.T. 3.19 F.B. ~No.1fore C.T. 0.47 -
(C85TF3TC10 No.1 fore ~ after C.T. 2.77 No.1 mid ~ after C.T. 0.75 -
C85TF3TC15 FB. ~NolmidC.T. 2.72 FB. ~NolmidC.T. 2.31 -
O85TF37C15 F.B. ~No.2 mid C.T. 5,02 F.B. ~No.2 mid C.T. 2.89 -
O85TF37C15 | No.lfore ~No.2mid C.T, | 513 | No.lmid~ No.2after C.T. | 3.67 -
B6SEF05C10 F.B. ~ No.1fore C.T. 3.02 F.B. ~ No.1fore C.T. 0.45 -
B6SEF05BI0 | No.1fore ~ No.2 fore C.T. | 4.03 | No.lfore~ No.2 fore C.T. | 2.61 -
B65EF05S10 | No.1fore ~No.2mid CT. | 3.81 | No.lafter ~No.2midC.T. | 2.52 -
B6OEF25C10 FB. 2.67 FB. 0.36 -
B65EF25B10 FB. ~NolmidC.T, 3.41 No.1mid C.T, 0.62 -
B6OEF25S10 | No.1fore ~No.2 fore C.T. | 2.83 | No.lmid~ No.2 foreCT. | 0.89 -
B6SEF45C10 FB. 2.63 FB. 0.25 -
B6OEF45B10 F.B. ~No.1fore C.T. 2.90 No.1fore C.T, 0.15 -
B65EF45510 FB. ~NolmidC.T, 2.48 No.I mid C.T. 0.51 No.1 fore C.T. 0.07
B65EF65C10 FB. 2.57 F.B. 0.29 -
B6SEF65B10 FB. 2.62 - -
B6OEF65S10 F.B. ~No.1mid C.T. 2.31 No.1mid C.T, 0.26 No.1fore C.T. 0.07
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ShipA ShipB ShipC
length width | verticality | length width | verticality | length width | verticality
side damage 3.14 1.20 infinity 3.30 1.30 infinity 3.92 1.50 infinity
bottom damage 3.14 1.00 0.40 3.30 1.08 0.43 3.52 1.25 0.50
Table 5 Damage case based on MARPOL 73/78
case damage area
. . Ship C
S 2 Ship B C—xxx0 C—xxx1 C—xxx2
no.4 c.o.t(p) no.1 c.o.t(s)

1 no.3 c.o.t(p) no.1 c.o.t(s) no.2 c.o.t(s) no.1 c.o.t(s) no.1 c.o.t(s)
no.4 void(c) no.1 void(c) no.1 void(c) no.1 void(c) no.1 void(c)
no.3 void(c) no.2 void(c)
no.3 c.o.t(p) no.2 c.o.t(s)

9 no.2 c.o.t(p) no.2 c.o.t(s) no.3 c.o.t(s) no.2 c.o.t(s) no.2 c.o.t(s)
no.3 void(c) no.2 void(c) no.2 void(c) no.2 void(c) no.2 void(c)
no.2 void(c) no.3 void(c)
no.2 c.o.t(p) no.3 c.o.t(s)

3 no.1 c.o.t(p) no.3 c.o.t(s) no.4 c.o.t(s) no.3 c.o.t(s) no.3 c.o.t(s)
no.2 void(c) no.3 void(c) no.3 void(c) no.3 void(c) no.3 void(c)
no.1 void(c) no.4 void(c)

4 22} iobtig) no.4 c.o.t(s) no.5 c.o.t(s) no.4 c.o.t(s) E(L)H;/HZ S(t)((s))M
no. 1 void(©) no.4 void(c) no.5 void(c) no.4 void(c) 1no.3 void(®
no.4 void(c)

5 no.3 void(c) no.5 c.o.t(s) no.6 c.o.t(s) PUIXIP R?(O)M no.4 c.o.t(s)
no.2 void(c) no.5 void(c) no.6 void(c) no.4 C‘Ofd(s) no.5 c.o.t(s)
no.1 void(c) 1no.% voidie

PUMP ROOM

6 - - no.6 c.o.t(s) no_g c,o.‘ggsi -

no.6 void(c) no.b ¢.0.1s

7 _ B no.7 c.o.t(s) _ _

no.8 c.o.t(s)
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