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A Study on Double Bottom Structural Criterion
of Small Oil Tanker
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A Study on Double Bottom Structural Criterion
of Small Oil Tanker

Yun, Yeo-Hoon

Division of Ocean Systems Engineering

Graduate School, Korea Maritime University

Abstract

With the effectuation of the amendment of MARPOL 73/78 on 5th April 2005,
enforcement regulations of Marine Pollution Prevention Act were revised in domestic
on 12th 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 casuaties. 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 study is the crashworthiness structural analysis of
small oil tankers using LS/DYNA3D code. For the crashworthiness structural analysis,
the followings were carried out : the validation of LS/DYNA3D code and grounding
simulation capacity using the experimental results of grounding oil tanker models
conducted by NSWC of the USA, the suggestions of the grounding double bottom
structural model suitable to domestic small oil tanker with superior crashworthiness
using 5 domestic small single and double bottom oil tankers and grounding oil tanker
models, and performance of ship grounding simulations of small oil tankers according
to tonnage.

The followings might be summarized as conclusions:

1. LS'DYNA3D code could be validated with enough accuracy, and research team
might be suitable for this study with good numerical simulation capacity. It is
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desirable to adapt the fine mesh F.E. model, and failure strain is related with the
size of F.E..

2. Small oil Tanker model was adapted for the crashworthiness structural analysis and
examination of damage stability with superior crashworthiness. Even though typical
grounding scenario of small oil tanker could not be established because of a lack
of damage data from the domestic grounding accidents, important grounding
scenario factors were used, such as vertical position of rock to inner bottom, its
lateral position, trim and loading conditions of hull, proceeding velocity, etc. for the
crashworthiness structural analysis.

3. The bottom is generally the biggest member of the crashworthiness of the double
bottom structure, and the absorbed internal energy capacity of each member
depends on the double bottom height, rock height based on the inner bottom, and
rock position in the breadth direction. It could be confirmed that double structure
with superior crashworthiness could be derived through the analysis of the absorbed
internal energy capacity of each member, in addition to the global grounding
responses.

4. 1t could be confirmed that the higher rock height based on the inner bottom could
make the greater possibility of fracture of inner bottom, and also that the double
bottom structure would be more superior to the crashworthiness performance
contrary to our expectations through the full-scaled grounding structural analysis of
small oil tanker. It could be thought that above 0.65, 0.75 and 085m would be
suitable for the inner bottom height of Ship A, B and C, respectively, even though
the higher inner bottom of double bottom structure could make the more superior
to the crashworthiness.

5. It could be thought that it is desirable to reduce the number of cargo holders for
the superior carshworthiness structure, within the range of no problem of damage
stability capacity, and also 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 500 ton.

6. It could be learned that as the size of oil tanker becomes smaller due to the
structural modification to double bottom of small oil tanker, the ratio of reduced
volume and the ratio of production cost with respect to the single bottom oil
tanker becomes also increasing. It could be thought that it is proper to exempt the
small oil tanker under DWT 150 ton from the construction of double bottom
structure by the full-scaled small oil tanker grounding simulation results, in addition
to such economic problem as small oil tanker.
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Table 2.1 Member dimensions of double hull grounding models(unit : mm)

Paul Buck|CONV/PD328 ADH/PB|ADH/PD328 ADH/PD328V
Bottom 3.0 3.0 3.0 3.0 3.0
Inner bottom 3.0 3.4 3.0 3.4 3.4
Web frame 3.0 3.0 - 3.0 3.4
Girder 3.0 2.3 3.0 3.0 34
Longitudinal stiffener 3.0 3.0 - 3.0 3.4
Girder longitudinal stiffenef 3.0 - 3.0 - -
Side shell 25.3 25.3 25.3 25.3 25.3
y
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1 I 7 = X
3 — Concrete Foundation
FORWARD =32~
Fig. 2.2 Grounding test machine
FORWARD s
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ROCK AT BULKHEAD

(a) Paul Buck model
Fig. 2.3 Double hull model installations (continued)
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(b) rough model without inner bottom

(a) rough model with inner bottom
Fig. 2.4 Configuration of F.E. double bottom model, Paul Buck (continued)



v
b
o

o
o

4

bottom

thout inner
Paul Buck

i

(d) fine model w

bottom

inner

th
fi

double bottom model,

i f FE

10n O

gurat

9
i

bottom

(b) rough model without inner

bottom

th inner

i

bottom

mner

(d) fine model without

i bottom

mner

del with

CONV/PD328

)

f F.E. double bottom model

ion o

t

figura

10 —

o =
i i s o =
A o
P
5 © o
3
ey Q o
i s S
i < i, 3
AR @) . S S ALl
i N e g
S Sl ORI
.:.:. g G
e s
?....%w. - <=
ol ] of
[ =)
8 [ 5
— =
) —
N~ =
-

Fig. 2.5 Con

(c) fine mo



e = il
= e
= e

(a) rough model with inner bottom (b) rough model without inner bottom

s

(c) fine model with inner bottom (d) fine model without inner bottom

Fig. 2.6 Configuration of F.E. double bottom model, ADH/PB
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&g & 9] +=(strain rate dependent) A EE A} g3slHor, s WFEL 0.20, 0.25,
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Table 2.2 Material properties of ASTM 569

Young's modulus 3.00x1(ksi
Density 7.43x10" Ibf-s/in’
Poisson's ratio 0.3
Yield stress 41.00 ksi
Ultimate stress 50.00 ksi
Failure strain 0.20, 0.25, 0.30, 0.35
Dynamic yield stress constants C=404 sq =5
60 i LB L I LI B I ) I LB I LI B I ) I LI l-
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Plastic Strain

Fig. 2.9 Stress-Strain curve (ASTM 569)
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(a) rough model with inner bottom (b) rough model without inner bottom

(c) fine model with inner bottom (d) fine model without inner bottom

Fig. 2.12 Damage configuration of double bottom model, Paul Buck

(a) rough model with inner bottom (b) rough model without inner bottom

Fig. 2.13 Damage configuration of double bottom model, CONV/PD328 (contd.)



(c) fine model with inner bottom (d) fine model without inner bottom

Fig. 2.13 Damage configuration of double bottom model, CONV/PD328

(a) rough model with inner bottom (b) rough model without inner bottom

(c) fine model with inner bottom (d) fine model without inner bottom

Fig. 2.14 Damage configuration of double bottom model, ADH/PB



(a) rough model with inner bottom (b) rough model without inner bottom

(¢) fine model with inner bottom (d) fine model without inner bottom

Fig. 2.15 Damage configuration of double bottom model, ADH/PD328

(a) rough model with inner bottom (b) rough model without inner bottom

Fig. 2.16 Damage configuration of double bottom model, ADH/PD328V (contd.)



(d) fine model without inner bottom

Fig. 2.16 Damage configuration of double bottom model, ADH/PD328V

(¢) fine model with inner bottom
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Fig. 2.17 Grounding responses of Paul Buck model (continued)
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Fig. 2.17 Grounding responses of Paul Buck model
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Fig. 2.18 Grounding responses of CONV/PD328 model (continued)

- 21



30 P L L I ) I rrnid I LI LI ] I LI I rrnid I L=
3 ' ' ' CONV/PD328 model 3
= | | | ]
B - - [ B Experiment =
- E : : Fine (ef:O.SO)E
g 204 - - - - [ T Rough (ef:0.20 )
£ 3 | | 3
e 3 A A J
2 B ---- [ I =
g - \ \ \ -
@ A 0 0 [ L T = _ ]
> 10 1 I I I I I 1
J | | | | | J
5_- ,,,,, o L _ - _____.__4
: | | | | | :
0'||||'||||i||||'||||'||||i||||'
0 5 10 15 20 25 30
Penetration (ft)
(a) grounding velocity
700 = LB I LI I LI I LI I LI I LILILIL™
- 4  conviPD328model ! ' ‘ 3
4 600 4 e
= = Experiment | | | =
g so0g Fine (ef:0.80)_ _ - _ ____ __ __ 3
L ] Rough (ef:0.20) I | | 3
S 400 = - - - - - _ - e L NFAays 0 _ _
2 3 | | | ! | 3
= = | | | 1 | =
8 300_— 77777 N B ) R mmre . T .-
= ] | | | | | 3
‘E 200 4 - - - - y N X _IR [
g a3 | | | 3
= 3 | 3
2 100 w S A N -
0 : L 1 1 ' LL 1 1l i | ' LL il i Lo L 1 i :
0 5 10 15 20 25 30

Penetration (ft)

(b) horizontal collision force

CONV/PD328 model

Experiment

Fine

Vertical collision force (kips)

5 10 15 20 25 30
Penetration (ft)

(c) vertical collision force

Fig. 2.18 Grounding responses of CONV/PD328 model
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Fig. 2.19 Grounding responses of ADH/PB model (continued)
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Fig. 2.20 Grounding responses of ADH/PD328 model (continued)
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Table 3.1 Principal dimensions of small oil tanker

Ship A Ship B Ship C Ship D Ship E
L.O.A (m) 28.87 31.10 34.32 40.10 54.00
LB.P (m) 25.00 28.00 29.50 36.00 50.00
B (m) 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
Bottom type single single single single double
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Table 3.2 Dimensions of double bottom model of small oil tanker(unit

© mm)

Small Oil Tanker

Paul Buck

CONV/PD328

ADH/PB

ADH/PD328

Bottom
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6.5

6.5

6.5

6.5

Bottom stiffener
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6

Inner bottom stiffener
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Table 3.3 Material properties of mild steel

Young's modulus

206 GPa

Density 7.787x10° kg/m’
Poisson’s ratio 0.30

Yield stress 234 MPa
Ultimate stress 455 MPa
Failure strain 0.30

Dynamic yield stress constants

C=404s' q=5
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(al) Small Oil Tanker with inner bottom (a2) Small Oil Tanker without inner bottom

(b1) Paul Buck with inner bottom (b2) Paul Buck without inner bottom

(c1) CONV/PD328 with inner bottom (c2) CONV/PD328 without inner bottom
Fig. 3.7 Damage configuration of idealized double bottom models(center)
(contd.)



(d1) ADH/PB with inner bottom (d2) ADH/PB without inner bottom

(el) ADH/PD328 with inner bottom (e2) ADH/PD328 without inner bottom

Fig. 3.7 Damage configuration of idealized double bottom models(center)

(al) Small Oil Tanker with inner bottom (a2) Small Oil Tanker without inner bottom
Fig. 3.8 Damage configuration of idealized double bottom models(off-center)
(contd.)



(b1) Paul Buck with inner bottom (b2) Paul Buck without inner bottom

(c1) CONV/PD328 with inner bottom (c2) CONV/PD328 without inner bottom

(d1) ADH/PB with inner bottom (d2) ADH/PB without inner bottom
Fig. 3.8 Damage configuration of idealized double bottom models(off-center)
(contd.)



(el) ADH/PD328 with inner bottom (e2) ADH/PD328 without inner bottom

Fig. 3.8 Damage configuration of idealized double bottom models(off-center)
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Fig. 3.10 Internal energy responses of idealized double hull model(15 knots) (contd.)
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Fig. 3.10 Internal energy responses of idealized double hull model(15 knots) (contd.)
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Fig. 3.10 Internal energy responses of idealized double hull model(15 knots)

Table 3.4 Penetration, location and length of fracture at inner bottom(unit : m)

Small Oil Tanker|Paul Buck|CONV/PD328 ADH/PB | ADH/PD328
center 55 7.4 6.0 7.1 7.4
Penetration
off-center 5.8 6.9 6.3 6.7 7.4
center 4.7 4.6 4.8 5.0 5.8
Fracture
location |, center 48 45 43 55 53
center 0.9 29 L5 2.2 1.7
Fracture
length |o¢f center 11 2.7 16 16 2.4
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Table 3.5 Comparison of member internal energy with rock position (2.0 sec)

double bottom type member center(MN-m) |off-center(MN-m)
Bottom 5.09 5.86
Transverse web 2.55 2.90
Inner bottom 1.77 1.63
Small Oil Tanker
Longitudinal web 2.92 2.91
Bulkhead 1.48 1.35
Total 15.0 16.1
Bottom 7.25 6.57
Transverse web 2.48 1.80
Inner bottom 2.10 2.21
Paul Buck
Longitudinal web 2.34 2.78
Bottom stiffener 1.39 1.07
Total 17.7 16.4
Bottom 5.21 5.95
Longitudinal web 2.56 2.47
Transverse web 2.42 2.42
CONV/PD328
Inner bottom 1.89 1.76
Bulkhead 1.21 1.28
Total 15.2 16.4
Bottom 6.92 6.81
Inner bottom 2.28 2.21
Longitudinal web 6.08 6.27
ADH/PB
Longitudinal web stiffener 0.64 0.64
Bulkhead 1.22 1.32
Total 17.4 175
Bottom 6.85 6.19
Inner bottom 2.12 2.09
Longitudinal web 5.38 5.53
ADH/PD328
Longitudinal web stiffener 0.64 0.70
Bulkhead 1.64 1.60
Total 17.1 16.6
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Table 4.1 Scenario of double bottom scantling

double bottom height(m) Ship A Ship B Ship C
0.65 @) @) )
0.75 3 ) )
0.85 : N o

Table 4.2 Principal dimension change of double bottom scantling

case DWT(ton) D.B.(m) B(m) L(m) D(m)
A-065 116.865 0.65 6.00 28.87 2.20
B-065 258.450 0.65

0.65 31.10 3.20
B-075 251.133 0.75
C-065 394.200 0.65
C-075 370.940 0.75 750 34.32 3.80
C-085 301.280 0.85
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Table 4.3 Scenarios of full ship grounding simulation (continued)

ship double bottom trim loading rock height(m) speed rock
. . . - - e case
type height(m) condition | condition |inner bottom | baseline | (knot) position
center C65EF05C10
0.05 0.70 10 between C65EF05B10
side C65EF05510
center C65EF25C10
0.25 0.90 10 between C65EF25B10
side C65EF25510
center C65EF45C10
0.45 1.10 10 between C65EF45B10
side C65EF45510
center C65EF65C10
between C65EF65B10
side C65EF65510
ent C65EF65C10
even keel | full, depart 10 center (4 cargo)
C65EF65B10
between
(4 cargo)
. C65EF65510
side
(4 cargo)
0.65 1.30 - -
center C65EF65C15
between C65EF65B15
side C65EF65515
center C65EF65C15
15 (4 cargo)
I - between C65EF65B15
Ship € 0.65 (4 cargo)
. C65EF65515
side
(4 cargo)
center C65TF05C10
0.05 0.70 10 between C65TF05B10
side C65TF05510
center C65TF25C10
0.25 0.90 10 between C65TF25B10
side C65TF25510
center C65TF45C10
full, depart 0.45 1.10 10 between C65TF45B10
side C65TF45510
center C65TF65C10
trim 10 between C65TF65B10
. side C65TF65510
0.65 1.30 ——
center C65TF65C15
15 between C65TF65B15
side C65TF65515
center C65TBBC10
10 between C65TBBB10
side C65TBBS10
ballast bottom bottom -
center C65TBBCI15
15 between C65TBBB15
side C65TBBS15




Table 4.3 Scenarios

of full ship grounding simulation (continued)

ship double bottom trim loading rock height(m) speed rock
type height(m) condition condition |inner bottom | baseline | (knot) position case
center C75EF52C10
10 between C75EF52B10
B ) side C75EF52510
even keel | full, depart 0.52 1.27 centor CTSEFS2C10
15 between C75EF52B10
075 side C75EF52S10
center C75TF52C10
10 between C75TF52B10
) _ . side C75TF52510
trim full, depart 0.52 1.27 center CT5TF52C10
15 between C75TF52B10
. side C75TF52510
Ship C center | C85EF37C10
10 between C85EF37B10
. . side C85EF37510
even keel | full, depart 0.37 1.22 center CSSEF3ICIS
15 between C85EF37B15
085 side C85EF37S15
center C85TF37C10
10 between C85TF37B10
. P side C85TF37510
trim full, depart 0.37 1.22 center CS5TF37C15
15 between C85TF37B15
side C85TF37S15
center B65EF05C10
0.05 0.70. 10 between B65EF05B10
side B65EF05510
center B65EF25C10
0.25 0.90 10 between B65EF25B10
side B65EF25510
center B65EF45C10
even keel | full, depart 0.45 1.10 10 between B65EF45B10
side B65EF45510
center B65EF65C10
0.65 10 between B65EF65B10
. side B65EF65510
065 1.30 center B65EF65C15
Ship B 15 between B65EF65B15
side B65EF65515
center B65TBBC10
10 between B65TBBB10
. side B65TBBS10
trim ballast bottom bottom centor B65TBBCIS
15 between B65TBBB15
side B65TBBS15
center B75EF51C10
10 between B75EF51B10
_ i _ . side B75EF51510
0.75 even keel | full, depart 0.51 1.26 centor B7SEF51CIS
15 between B75EF51B15
side B75EF51515




Table 4.3 Scenarios of full ship grounding simulation

ship double bottom trim loading rock height(m) speed .
type height(m) condition | condition |inner bottom | baseline| (knot) rock position case
center A65EF05C10
0.05 0.70 10 between A65EF05B10
side AG65EF05510
center A65EF25C10
0.25 0.90 10 between A65EF25B10
side A65EF25510
center A65EF45C10
even keel | full, depart 0.45 1.10 10 between A65EF45B10
side A65EF45510
center A65EF65C10
Ship A 0.65 10 between A65EF65B10
0.65 130 side A65EF65510
center A65EF65C15
15 between A65EF65B15
side A65EF65515
center A65TBBCI10
10 between A65TBBBI10
trim ballast bottom bottom side AGSTBBS10
center A65TBBCI15
15 between A65TBBB15
side A65TBBS15
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(a) isometric overview of small oil tanker (b) upward overview of small oil tanker

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

& 6 cargo holders & 6 cargo holders

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

& 4 cargo holders & 4 cargo holders
Fig. 4.2 Configuration of F.E. small oil tanker Ship C



(a) isometric overview of small oil tanker (b) upward overview of small oil tanker

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

Fig. 4.3 Configuration of F.E. small oil tanker Ship B

(a) isometric overview of small oil tanker (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. 4.4 Configuration of F.E. small oil tanker Ship A
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Fig. 411 Ship ColA ¢x7 wWAso =z
(C65EF65x10)°] 7k -4 W i-olq =] o] &5 molF 913, Ship Co] WA
A

T Aol Mo Z Avpe] ol g 24 BAE W ey e A B dA -l
U Ao ojgl W& S Table 440 K83t fFxAo] dubyg o=z gxo Fx



= o AA o &Aool 7 A dASEE AARI A F UFAUYAE FF
Sa gdrh 9ERvh AEPFOR Aure FAM Aol $RA AL FY FAY
(center elevation)e] I T o2 & HFT& A5, 533 JZA4¥E o= A=
MES AL Gk G2 A4S Aoy Aol $UA A% A5 Aods 37
Mo EMUE WU NFS AAFAT, o FA T2 WAR o7t AA
At gzt WABOEZRH kol £255 A5 Aojdst FAM uFe
Atk e m gEE AA FAMT AF Aol Abold] REA A4 AN, 53
T EAUdE WRAHA 9 v FE AAJA T o]F A FX2 WAT Eol7t AX
A dx7F AR ZHY Zo] £&555F 5% T4 v Fo] v ZA AH3
A fA} o]y 24E Foto 4 HAx Ay ed dig 74 FAe Wz 7o
S vEe #RY & U3, WRE $5T FREAY N P 278 24
F7t 9

4 i I55I55F5I5c1.0 I L] L] L) L ! L L) L] L] ! L] L) L L i 4 CSE'EFSSE“IU l L] L) L L) ! L L L] L] ! L) L L) I_
T dz=me ., i ] ¢ L L E
= 1 —— innerbottom ! 5 F ——— inner bottom !
. ; : =
> N T T > R
P DV Z ol - S a3
o | | ] G
R ! ! 4 E
HEE I S -

1: 1 1 ]
0]
0.0 0.5 1.0 1.5 2.0
Time (sec) Time (sec)

(a) C65EF65C10

(b) C65EF65B10

I

LI I |
C65EF65510 i

Outshell
BHD !

— Trans,

©

Center elev.

——— Inner bottom
Frame

——— Side girder

N

Trans. BHD st

Longi

Internal Energy (MN-m)

-

o

PIIIII!IIII!IIII!IIII

0.5

1.0
Time (sec)

(c) C65EF65510

Fig. 4.11 Grounding responses of member internal

1.5

energy of Ship C




Table 4.4 Summary of member internal energy of Ship C at even keel condition
(unit : MN-m)

bottom center elev. floor side girder |inner bottom| trans BHD | longi. stiff.
case total

LE % LE % LE % LE % LE % LE % LE %

C65EF05C10 6.8 27 1401 ] 19 | 281 | 1.1 | 163 | 0.0 01| 0.2 2.7 1 07 891 05 | 66

C65EF05B10 7.0 3.8 | 551 | 0.1 171 08 | 11.9 | 0.1 09| 0.2 21 | 15 | 189 ] 05 | 66

C65EF05510 6.2 24 13811 01 11| 05 75| 14 | 233 | 05 63 | 1.2 | 149 | 02 | 26

C65EF25C10 7.2 24 1333] 21 |290 | 12 | 169 | 0.0 01| 03 34 | 09 | 116 | 01 1.4

C65EF25B10 7.6 33 | 441 | 08 | 100 | 0.7 94 1 0.1 181 06 75 | 1.7 213 ] 04 | 50

C65EF25510 7.3 3.0 | 40.7 | 0.1 1.0] 08 | 104 | 09 | 129 | 12 | 156 | 1.1 | 142 | 03 | 34

C65EF45C10 7.2 25 1342 ] 22 | 301 | 1.1 | 156 | 0.0 0.0 | 03 34 | 1.1 | 136 0.1 1.7

C65EF45B10 7.7 31 | 404 | 1.1 | 142 ] 09 | 123 | 0.1 1.7 07 92 | 14 | 174 ] 03 | 44

C65EF45510 7.7 3.0 | 389 | 0.1 09| 0.6 821 0.7 85| 15 | 190 | 1.6 | 204 | 0.3 | 3.7

C65EF65C10 7.2 25 [ 341| 24 | 331 1.0 | 138 | 00 | 00 | 0.2 31 | 1.0 | 145 ] 01 15

C65EF65B10 7.8 29 374 15 | 191 | 1.1 | 138 | 0.1 12| 07 93 | 1.2 | 160 | 02 | 3.1

C65EF65510 7.8 29 1370 | 01 15| 05 6.7 | 04 46| 14 | 186 | 22 | 279 | 03 | 4.0

C75EF51C10 7.0 24 1336 21 | 300 | 1.0 | 148 | 0.0 00| 0.2 31 | 1.0 | 128 | 0.1 14

C75EF51B10 7.6 29 38713 | 175 | 1.1 | 143 | 01 15| 06 76 | 1.3 | 161 | 03 | 37

C75EF51510 7.6 29 | 385 | 0.1 13| 06 721 04 54 | 13 | 168 | 2.0 | 264 | 03 | 39

C85EF37C10 6.3 23 1363 | 21 |332| 09 | 141 | 00 0.0 | 0.1 12 ] 09 | 11.1 ] 01 | 1.0

C85EF37B10 6.8 26 1391 13 | 193 | 1.0 | 148 | 0.1 1.5 ] 03 43 | 1.2 | 150 ] 02 | 28

C85EF37510 6.6 26 1394 | 01 11| 05 Byl U5 74| 09 | 120 | 1.7 | 21.8 | 0.3 | 35

Ship B9 7% -++= Ship C& A% Zake] A= v st A T &L 22
th 10 E9 Hx&EEolA= AHe] A5 Aot (B6SEF65S) 0l ¢ =7}
WA Fho] wpeko] wj$- AulstA HAER A, 15=EdE WAT ¥
AA FAsATE 18 Ship A A= A

o
-,
)
av
rlo
=2
o
=)
=)
ol
ol
2
il
=
2
o
=
fr
K2)
0
°
T
1
>
ol
ol
N
beicA
32
i)
J[m
o
w
5ok r% e
T ooz T OND
S/ SR U &)
ox 1o XN P rE 9

e

=2,
°
N
o)
1‘N' |
23
1>

B TR | SN
o Iz
(=T )

2

I 2

g MEE&S 2oFd Tables 44 % 450M Ship B ¢+ A°] 7

hip CS} AwWha 02 1) & =

Aukol] wste] AA7 Watzel o AA 7)ol
U

l':__
AAR] A4 FAZE dodos

w

3
:
e 4y = 2 o

2o



4 32

Internal energy (MN-m)

Horizontal collision force (MN)

Internal energy (MN-m)
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Table 45 Summary of member internal energy of Ship B at even keel condition

(unit: MN-m)

total bottom center elev. floor side girder |inner bottom| trans BHD | longi. stiff.

case LE.|'1E| % |IE| % |LE| % |LE| % | LE| % |IE | % |IE | %
B65EF05C10 4.2 1.8 | 430 | 1.0 | 238 | 06 | 142 | 0.0 | 0.0 | 01 2.4 06 | 137 | 0.1 2.6
B65EF05B10 41 | 21 |507] 04 | 98 | 05 | 115| 0.0 | 1.0 | 0.1 2.4 0.7 | 168 | 03 | 80
B65EF05510 42 1 19 | 467 | 01 19 | 05 [ 123 ] 09 | 207 | 0.3 7.2 0.7 | 169 | 0.1 2.2
B65EF25C10 4.3 18 | 414 | 1.1 | 243 | 06 | 139 | 0.0 | 0.0 | 01 3.2 06 | 144 | 0.1 2.5
B65EF25B10 46 | 20 | 434 ] 06 | 139 | 08 | 172 | 0.1 20 | 03 5.9 06 | 12.0 | 0.3 | 57
B65EF25510 44 1 19 | 435 ] 0.1 18 | 03 | 65 | 05 | 108 | 08 | 176 | 0.8 | 176 | 0.1 2.5
B65EF45C10 44 | 18 | 414 ] 1.0 | 227 | 0.7 | 149 ] 0.0 | 0.0 | 02 3.7 0.7 | 151 | 0.1 2.3
B65EF45B10 46 | 19 | 401 | 08 | 163 | 0.7 | 156 | 0.1 11 0.3 6.9 0.7 | 152 | 02 | 43
B65EF45510 46 | 19 | 418 | 0.1 22 104 | 88 | 03 ] 67|09 | 183 | 09 | 192 | 03 | 67
B65EF65C10 44 119 | 420 | 1.0 | 23.0 | 0.7 | 155 | 0.0 | 0.0 | 0.1 3.2 06 | 145 | 0.1 2.0
B65EF65B10 47 119 | 403 ] 09 | 191 | 08 | 169 ] 0.0 | 02 | 02 44 0.7 | 1563 | 02 | 36
B65EF65510 48 1 19 | 395 | 0.1 29 | 06 | 122 | 03 | 60 | 09 | 184 | 09 | 182 | 0.2 | 35
B75EF52C10 4.3 19 | 435 ] 1.0 | 228 | 0.7 | 165 | 0.0 | 0.0 | 0.1 2.4 06 | 129 | 0.1 1.9
B75EF52B10 46 | 19 | 412 ] 09 | 187 | 0.7 | 157 ] 0.0 | 09 | 02 3.9 08 | 163 | 02 | 33
B75EF52510 46 | 19 | 416 | 0.1 26 | 05 | 11.7 | 04 | 76 | 08 | 16,7 | 0.8 | 162 | 0.1 | 3.0

Table 4.6 Summary

of member internal energy of Ship A at even keel condition

(unit: MN-m)
total bottom | center elev. floor side girder |inner bottom| trans BHD | longi. stiff.
e IE. | 1E | % |IE| % |IE| % |LE| % |LE| % |LE| % | LE | %
AG65EF05C10 2.2 11 | 475 | 06 | 267 | 04 | 19.9 | 0.0 0.0 | 0.0 0.0 0.1 501 00 | 05
AG5EF05B10 | 24 | 1.2 | 50.0 | 0.3 | 11.9| 0.3 | 14.0 | 0.1 34100 | 00 | 04 |157| 01 | 51
AG65EF05510 | 22 | 1.0 | 450 | 00 | 18| 02 | 68| 05 [ 223 | 0.0 | 1.8 | 04 [200 | 0.1 | 23
AG65EF25C10 2.2 11 | 471 ] 06 | 287 | 05 | 202 0.0 0.0 | 0.0 0.0 0.1 491 00 | 04
AG65EF25B10 2.3 10 | 446 | 05 | 225 | 03 | 121 | 0.0 09 | 0.0 0.0 04 | 173 | 0.1 2.6
AG65EF25510 | 23 | 1.1 | 474 00 | 17| 02 | 86| 05 [ 198 | 0.0 | 04 | 04 [ 190 | 0.1 | 3.0
A65EF45C10 | 22 | 1.1 | 491 | 06 [ 272 | 05 201 | 00 | 00| 0.0 | 00 | 0.1 40| 00 | 04
AG65EF45B10 2.3 11 | 483 ] 06 | 246 | 04 | 151 | 0.0 0.0 | 0.0 0.0 03 [11.2] 00 | 17
A65EF45510 24 | 12 | 511 | 01 21] 02 | 102 03 | 128 | 0.0 0.0 05 | 196 | 0.1 43
AGSEF65C10 | 23 | 1.1 | 487 | 0.7 | 287 | 04 | 191 | 00 | 0.0 | 0.0 | 00 | 01 30| 00 | 04
A65EF65B10 | 23 | 1.1 | 487 | 06 237 | 04 | 177 ] 00 | 00| 00 | 00 | 02 | 86| 00 | 13
A65EF65510 24 | 13 | 529 01 33| 03 | 133 | 01 42 0.0 0.0 05 | 217 | 0.1 4.6
Fig. 415& A olFA & WA =] 0.6ome 2= w34 Ship C7F WA
Ed  Ae(trim, full loading condition)olA ¢Z7F WATAOZEE  0.05

(C65TF05), 0.25,(C65TF25) 0.45(C65TF45) 2 0.65m(C65TF65) $1= Folol+ 4
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Fig. 4.17 Configuration of Ship B grounding scenario w.r.t. double bottom
height
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Fig. 4.22 Grounding responses of Ship C with 6 & 4 cargo holders with side rock

position

Lz

ki3

45 A olFA T2 fFxAd WFx T2H4 d

X
o

of
T

YA
M
oF

o

B

o

)
m

<
N

bl

i

FA T2 GA B

) 4wk, otz 9} ol

[e]
ey
A

LS|
o

af

bol Wz 7

S

9 Eol7} o]FA FE YAAL 7]

=

o}
=



2 A A

Eﬂm Bl oo
IR BN ME T
ﬂou_E = ?ﬁmoﬂor
AEMO MELﬁI]]&o H_lﬂ.u
F o T lo%mLoﬂ uHuoTu%
R~ ﬂiz,ol‘ﬂr_.wﬂo_a ﬂl.ﬂEﬂ ;In,ﬂdl]
= T 7 w5 X @fwwﬂﬂ@}wz
MME ﬂoﬂﬂﬂ_ﬁx‘_]xﬁ — % %]7%4
A‘t‘I.AJI \Llﬂ_lm‘mlOHT_q OO.W] ZAJL'X Mﬂ‘m_lll
= N w P % iz]d]ﬂumMD1u1m &) T
}ﬁ.ﬂmﬂm lzﬂﬁo_oﬂk iurzyﬁﬁrmq S & ol
B Nlo 2 ﬂﬂl_za_.7 __oﬁuWuoSEEi .mﬂ%xbtiﬂlw
~ o T & o T 1 At = X fo % T N
ﬂ_OI o) o5 i‘_ﬂAl.mﬂﬂEﬂKMW %MEUIWCT ME Of ® }LMHL‘MI_,M#L.OE
o) ~ _~ f |
I ﬂ%ﬂﬂﬂ;ﬂ@_ S ﬂmmfurm wo;hzzpoﬁ
.wg&qor uliaﬁgo A monTmﬂﬂoxﬁno oo By B
%EQ Hooj# o SHO_E% o ?lmfﬂL}
= o~ X koaﬁﬂ ooﬂuiz orUr]E nnﬂzcjl,:u
N T oo g £ o X = TR = M B o T T
R e X y TR LwﬂAﬂm}wmﬂ %ﬁoi_ﬁxw
o X ﬂ% A_I #H Z..O 3 i W_I ‘% P o, = o) J— ﬂ; S,L ZA
s-L “WOH OME _i_l Tl 7_| p = o= P O EI N ) — Of
G4 - m ol o N r x B R . - X T N
ﬂ_ﬂ_zii o o K = & EEUH.SH ﬂrz.i __ron_/n_n_ou,_Jl]
El _EEELXAT - 4 e Y %64_14”4 o
o JJ 41uﬁu|1%ﬂ oﬂ%urﬁumoiﬂ 1”,4}3 wwze
r zx%]_x AXJIJuL T~
ATMZWM ﬂuléw]uﬂmw fﬂuwﬁéuao_mﬂdr EEoTovM?EE
O_E%M% zﬂmxwﬁﬁommﬂ m_gﬂ.ﬁﬂwu%g Afﬁoi_wiﬂ%
K o muuTﬂLAT7nvAn xﬂzﬂrﬂﬁrﬂmlﬁ. n7n1dru1m_ﬂan7n
,LIQMﬂ =y o T UW&I+HAO+‘1»|A0H|LA oyl
g ® z w oo " Tt ow | 4m74¢ﬂ
ﬂﬁw T ° o my ol o) M M Mot T OMWE N lyi _mo SN m,# o °
e MR — X [ n N i) s el N ‘cl,lﬂ o T o . = S Hy
Of OT X_i ZO o _Z‘w U]W _— _ﬁ.o ~ ﬂﬂ Z.o K E.E N Jl
_Z:_:% m_ﬂajaa}@ ﬂsﬂ@qvﬂ%y _ﬂi:ﬂﬂiﬂ
o g}EXL7¢ W ﬂmxula SrEeTE
ﬂli 7OML|XﬂZ_uoT ,ol_,TLfﬂ;ommzHﬂmA ALz]Zoﬂ]
oo e ﬂHTAWu.HT iagc -y - zg_oﬂ_zq
ifznﬁ @ﬂmuﬂﬂyﬁﬂ M%wm%wa%& ovﬂ_z_:@ﬂm
g s ) .A,IL. X
* zéﬂ#%;% 1W@Mw_2_z&ué$ @Héuﬂmn%
ok 7U1mmﬂx K 1F7Aﬂ,.ﬂ 1A‘tﬂe ﬂuﬂ%]ﬂr.,mmﬂ
G N TR WT =T 44;x
o T T 2 ﬂbfmﬂmﬁﬂw xjmnlfﬂﬂﬁ
8 Mgﬁomgmﬂbmﬁ7 MoﬁoﬁemMMm
il o T = Iy -
foTATMEOfETWH E?U%?W
o Lo o m o M 1_,le %0 X
o T Eﬂ%ﬂéﬂ%
= Aﬂﬁﬂ
U]Wﬂlw_kl Jo
<f ogan_mo

- 70 -

2 Atz dr



5 AsTF 500 W7 24 olTA Tx HE

Jo

o] F A
A9k ol AA =l
2 3o} Table 3.19
W 7 )

Sy il

F A

—
o
E
)
:J>
)
=2
ko
12
ofr
ol
8‘

B (m)
B (m)
[-7]

(a) Breadth distribution according to

50

length

2
D (m)

(b) Breadth distribution

according to

depth

50

B (m)

" . B=0.009* DWT +3.679

L=0.051 *DWT +15.37

) I I ) I
0 100 200 300 400 500
DWT (ton)

) I I ) I
100 200 300 400 500
DWT (ton)

(c) length distribution according to DWT  (d) Breadth distribution according to DWT.
Fig. 5.1 Distributions of domestic small oil tankers under DW'T 500 ton

600 0 600

- 71



Table 519+ FxHA A $9o &4 &4 W=k 1 &S Qs
i, Fig. 5.20] A gtsaFe] digh £x2=2 YUt 2 459 ¥4 d §42 94
TZ F2ddA gEF §45 on gt

Table 5.1 Volume change of cargo tank (unit : m3)
SHIP A SHIP B SHIP C
before after ratio before after ratio before after ratio
065 | 130.68 98.60 0.75 295.99 246.70 0.83 413.25 355.39 0.86
075 295.99 239.39 0.81 413.25 347.38 0.84
085 413.25 339.29 0.82
! T T T T T
0.9 -
—_ B + A
o oy *
[11]
d o8- o -
o
g} o i
& Ship A-0.65m
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Fig. 5.2 Volume change of cargo tank
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Table 5.2 Decrement of transportation cost (unit : )

SHIP A SHIP B SHIP C

volume | short long volume | short long volume | short long
decrease| distance | distance |decrease| distance | distance |decrease| distance | distance

065 | 32.08 | 115488 | 160,400 | 49.29 | 177,444 | 246,450 | 57.86 | 208,296 | 289,300

075 56.60 | 203,760 | 283,000 | 65.87 | 237,132 | 329,350

085 73.96 | 266,256 | 369,800

Table 5.3 Production cost according to double bottom structure (unit : ton)

Ship type Ship A Ship B Ship C
D.B. height 0.65m 0.65m 0.75m 0.65m 0.75m 0.85m
Inner bottom 3.762 4.753 5.354 5.166 5.664 6.161
Stiffener 0.812 2.953 3.112 3.491 3.596 3.701
Floor 1.528 1.840 1.923 1.867 1.963 2.058
2. Double bottom 6.102 9.546 10.389 10.524 11.407 12.326

Single bottom hull | 54.050 103.133 103.133 185.130 185.130 185.130

Double bottom hull| 60.152 112.679 113.522 195.654 196.537 197.456

Additional

cost(THel) 1,830 2,864 3,117 3,157 3,422 3,698

Ratio(%) 11.3/10.1 | 9.3/85 10.7/9.2 5.7/5.4 6.2/5.8 6.7/6.2

X note : 71ZH] ¢ 3009 /ton (AFAW], A AW T EE F&H X
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Fig. 5.3 D.B. height distribution of tanker under DWT 2,000 with DWT
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Fig. 5.4 D.B. height distribution of small oil tanker according to DW'T

Table 5.4 D.B. height of small oil tanker according to DWT

H=0.00x * DWT + 0.xxx
DWT(ton)
h=B/7 h=B/7.5 h=B/8 h=B/9
Ship A A-0 116.86 0.64 0.61 0.58 0.51
. 258.45 0.78 0.7 0.72 0.64
Ship B B-0
251.13 0.78 0.74 0.71 0.63
394.20 0.92 0.89 0.85 0.76
Ship C C-0 370.94 0.90 0.86 0.83 0.74
301.28 0.83 0.79 0.76 0.68
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Fig. A.2 Configuration of Scenario in Ship C (continued)
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Table B.1 Summary of damage results of Ship C (continued)

fracture length(m)

case rock penetration length(m)
bottom inner bottom
forebody ~ No.l mid C.T. forebody ~ No.l mid C.T.
C65EF05C10
3.80 2.55 -
forebody ~ No.3 fore C.T. No.l mid ~ No.3 fore C.T. -
C65EF05B10
6.65 4.60
No.l fore ™ No.3 mid C.T. No.l after © No.3 mid C.T. -
C65EF05510
5.74 4.75
forebody ~ No.l mid C.T. forebody ~ No.l fore C.T. -
C65EF25C10
311 1.48
forebody ~ No.2 fore C.T. No.l mid ~ No.2 mid C.T.
C65EF25B10
4.14 1.95 -
No.l fore ™ No.2 mid C.T. No.l mid ™ No.2 mid C.T.
C65EF25510
4.53 3.27 -
forebody forebody -
C65EF45C10
2.92 0.20 -
forebody ~ No.l mid C.T. No.l fore ~ mid C.T. -
C65EF45B10
3.61 1.35 -
No.l fore ~ No.2 mid C.T. No.l mid ~ No.2 mid C.T. No.l mid ~ No.2 fore C.T.
C65EF45510
3.70 1.81 1.06
forebody forebody -
C65EF65C10
2.74 0.74 -
forebody ~ No.l fore C.T. forebody =~ No.l fore C.T. No.l fore C.T.
C65EF65B10
3.38 0.15 0.14
No.l fore ~ after C.T. No.l mid ~ after C.T. No.l mid ~ after C.T.
C65EF65510
3.12 0.91 1.04
C65EFE5C10 forebody forebody
(4 cargo) 276 0.85 -
C65EFG5B10 orebody ~ No.l fore C.T. No.l fore C.T. No.l fore C.T.
(4 cargo) 3.37 0.28 0.16
C65EF65510 forebody ~ No.l mid C.T. No.1 after ~ No.2 fore C.T. No.1 mid C.T.
(4 cargo) 393 0.72 0.40
forebody ~ No.l mid C.T. No.l mid C.T. No.l fore C.T.
C65EF65C15
4.60 0.83 0.28
forebody ~ No.2 fore C.T. No.l mid ~ No.2 mid C.T. No.l fore ™ No.2 mid C.T.
C65EF65B15
5.37 1.90 2.58
No.l fore ™ No.2 mid C.T. No.l mid = No.2 after C.T. No.l mid ~ No.2 after C.T.
C65EF65515

5.75

4.00

3.73




Table B.1 Summary of damage results of Ship C (continued)

fracture length(m)

case rock penetration length(m)
bottom inner bottom
CE5EF65C15 forebody ~ No.l mid C.T. forebody ~ No.l mid C.T. -
(4 cargo) 4.84 2.62
C65EF65B15 forebody ~ No.l mid C.T. No.1 fore ~ after C.T. -
(4 cargo) 5.87 351 _
C65EF65515 No.l fore ~ No.2 fore C.T. No.l mid ~ No.2 fore C.T. No.l mid ~ after C.T.
(4 cargo) 6.43 3.08 3.13
forebody ~ No.l mid C.T. forebody ~ No.l mid C.T. -
C65TF05C10
3.62 1.48 -
forebody ~ No.2 after C.T. No.l mid ~ No.2 after C.T. -
C65TF05B10
5.647 3.91 -
No.l fore ™ No.2 after C.T. No.l after = No.3 fore C.T. -
C65TF05510
5.15 3.89 -
forebody ~ No.l fore C.T. forebody ~ No.l fore C.T. -
C65TF25C10
3.16 0.67
forebody ~ No.l after C.T. No.1 mid ~ No.2 fore C.T. -
C65TF25B10
3.74 1.56
No.l fore ~ No.2 mid C.T. No.1 after ~ No.2 after C.T. -
C65TF25510
4.19 2.38
forebody forebody -
C65TF45C10
2.92 0.44 -
forebody ~ No.l mid C.T. No.l mid C.T.
C65TF45B10
3.53 0.54 -
No.l fore ™ No.2 mid C.T. No.l mid ~ No.2 mid C.T. No.l mid ~ after C.T.
C65TF45510
3.60 1.50 0.99
forebody forebody -
C65TF65C10
2.75 0.55 -
forebody ~ No.l fore C.T. No.l fore C.T. No.l fore C.T.
C65TF65B10
3.26 0.45 0.25
No.l fore ~ after C.T. No.l mid ~ after C.T. No.l mid ~ after C.T.
C65TF65510
3.09 0.72 0.91
forebody ~ No.l mid C.T. forebody ~ No.l mid C.T. No.1 fore ™ mid C.T.
C65TF65C15
4.50 1.67 1.1
forebody ~ No.2 fore C.T. No.1 mid ~ No.2 fore C.T. No.l fore ~ No.2 fore C.T.
C65TF65B15
5.04 1.48 1.97
forebody ~ No.2 after C.T. No.l mid ~ No.2 after C.T. No.l1 mid ~ No.2 after C.T.
C65TF65515

541

3.23

3.08




Table B.1 Summary of damage results of Ship C (continued)

fracture length(m)

case rock penetration length(m)
bottom inner bottom
No.2 mid ~ No.4 fore C.T. No.2 mid ~ No.4 fore C.T. -
C65TBBC10
5.00 2.37 -
No.2 mid ~ No.4 mid C.T. No.3 after ~ No.4 after C.T.
C65TBBB10
5.61 3.04 -
No.2 after ~ No.4 after C.T. No.3 after ™ No.4 after C.T. -
C65TBBS10
4.52 2.98 -
No.2 mid ~ No.5 fore C.T. No.3 fore ~ No.5 fore C.T. -
C65TBBC15
7.18 4.81 -
No.2 mid ~ No.5b mid C.T. No.3 after ~ No.5 after C.T. -
C65TBBB15
8.31 6.02 -
No.2 after = No.5 after C.T. No.3 after ™ No.5 after C.T. -
C65TBBS15
6.95 5.62 -
forebody forebody -
C75EF52C10
2.81 0.41 -
forebody ~ No.l fore C.T. No.1 fore C.T. -
C75EF52B10
3.40 0.23 -
forebody ~ No.l after C.T. No.l mid C.T. No.l mid ~ after C.T.
C75EF52510
3.13 0.56 1.35
forebody ~ No.l mid C.T. forebody ~ No.l after C.T. No.1 fore ™ mid C.T.
C75EF52C15
4.58 1.73 0.92
forebody ~ No.2 mid C.T. No.1 fore ~ No.2 mid C.T. No.l fore C.T.
C75EF52B15
5.63 3.34 0.17
No.l fore ~ No.2 after C.T. No.l mid ~ No.2 after C.T. No.l mid ~ No.2 after C.T.
C75EF52515
5.85 4.34 4.07
forebody forebody -
C75TF52C10
2.71 0.56
forebody ~ No.l fore C.T. No.l fore C.T. -
C75TF52B10
3.16 0.55
forebody ~ No.l after C.T. No.l mid C.T.
C75TF52510
2.94 0.46
forebody ~ No.l mid C.T. forebody ~ No.l after C.T. No.l fore C.T.
C75TF52C15
4.44 1.81 0.25m
forebody ~ No.2 fore C.T. No.l fore ~ No.2 fore C.T. No.2 fore C.T.
C75TF52B15
4.96 2.51 0.32
No.l1 fore ~ No.2 after C.T. No.l mid ™ No.2 mid C.T. No.l mid ~ No.2 fore C.T.
C75TF52515
5.14 3.25 1.07




Table B.1 Summary of damage results of Ship C

fracture length(m)

case rock penetration length(m)
bottom inner bottom
forebody forebody -
C85EF37C10
2.65 0.46 -
forebody ~ No.l fore C.T. forebody ~ No.l1 fore C.T.
C85EF37B10
3.60 0.21 -
No.l fore ~ after C.T. No.l fore ~ after C.T.
C85EF37510
3.23 1.00
forebody ~ No.l mid C.T. forebody ~ No.l mid C.T. -
C85EF37C15
4.39 2.43 -
forebody ~ No.2 mid C.T. forebody =~ No.2 mid C.T. -
C85EF37B15
5.72 3.05 -
No.l fore ™ No.2 mid C.T. No.l mid ~ No.2 after C.T.
C85EF37515
5.77 3.75 -
forebody forebody -
C85TF37C10
2.71 0.82

C85TF37C10

forebody ~ No.l fore C.T.

forebody ~ No.l fore C.T.

3.19 0.47 -
No.l fore ~ after C.T. No.1 mid ~ after C.T.
C85TF37C10
2.77 0.75
forebody ~ No.l mid C.T. forebody ~ No.l mid C.T. -
C85TF37C15
2.72 2.31

C85TF37C15

forebody ~ No.2 mid C.T.

forebody ~ No.2 mid C.T.

5.02

2.89

C85TF37C15

No.l fore ™ No.2 mid C.T.

No.l mid ~ No.2 after C.T.

513

3.67




Table B.2 Summary of damage results of Ship B (continued)

fracture length(m)

case rock penetration length(m)
bottom inner bottom
forebody ~ No.l fore C.T. forebody ~ No.l fore C.T. -
B65EFO5C1
3.02 0.45
No.l fore ™ No.2 fore C.T. No.l fore ™ No.2 fore C.T.
B65EFO5B1
4.03 2.61 -
No.l fore ™ No.2 mid C.T. No.l after © No.2 mid C.T. -
B65EF05S10
3.81 2.52 -
forebody forebody -
B65EF25C1
2.67 0.36 -
forebody ~ No.l mid C.T. No.l mid C.T.
B65EF25B1
341 0.62 -
No.l fore ~ No.2 fore C.T. No.l mid ~ No.2 fore C.T. -
B65EF25S10
2.83 0.89 -
forebody forebody -
B65EF45C1
2.63 0.25 -
forebody ~ No.l fore C.T. No.l fore C.T. -
B65EF45B1
2.90 0.15 -
forebody ~ No.l mid C.T. No.l mid C.T. No.l fore C.T.
B65EF45S10
2.48 0.51 0.07
forebody: forebody -
B65EF65C1
2.57 0.29 -
forebody ~ -
B65EF65B1
2.62 = -
forebody ~ No.l mid C.T. No.l mid C.T. No.l fore C.T.
B65EF65S10
231 0.26 0.07
forebody ~ No.l fore C.T. forebody ~ No.l fore C.T. No.l fore C.T.
B65EF65C15
3.80 0.40 0.15
forebody ~ No.l mid C.T. No.l fore C.T. No.l mid C.T.
B65EF65B15)
3.94 0.38 0.40
forebody ~ No.2 fore C.T. No.2 fore C.T. No.l mid ~ No.2 fore C.T.
B65EF65S15
3.84 0.68 1.58
No.2 fore ~ after C.T. - -
B65TBBC10
3.47 - _
No.2 fore ~ after C.T. No.2 mid C.T. -
B65TBBB10
3.48 0.77
No.2 fore ~ after C.T. No.2 mid C.T.
B65TBBS10

2.46

1.21




Table B.2 Summary of damage results of Ship B

fracture length(m)

case rock penetration length(m)
bottom inner bottom
No.2 fore © 3 mid C.T. No.3 fore ~ mid C.T.
B65TBBC15
4.39 1.89 -
No.2 fore ©~ 3 mid C.T. No.2 after = 3 mid C.T.
B65TBBB15
4.94 2.82 -
No.2 fore ~ 3 fore C.T. No.2 mid ~ 3 for C.T.
B65TBBS15
3.69 2.63
forebody forebody -
B75EF51C1
248 0.35 -
forebody - -
B75EF51B1
2.68 - -
forebody ~ No.l mid C.T. forebody ~ No.l mid C.T. -
B75EF51S10
2.24 0.20 -
forebody ~ No.l fore C.T. No.1 fore C.T. -
B75EF51C15)
3.67 0.41 -
forebody ~ No.l mid C.T. No.l fore C.T. -
B75EF51B15)
3.99 0.21 -
forebody ~ No.2 fore C.T. No.l mid ~ after C.T. No.l mid ~ after C.T.
B75EF51S15
3.70 0.72 1.39




Table B.3 Summary of damage results

of Ship A (continued)

fracture length(m)

case rock penetration length(m)
bottom inner bottom
forebody forebody -
A65EF05C10
1.76 0.14
forebody ~ void - -
A65EF05B10
2.67 - -
forebody ~ void
A65EF05510
2.46 - -
forebody forebody -
A65EF25C10
1.71 0.07 -
forebody forebody
A65EF25B10
2.13 0.07
forebody ~ void - -
A65EF25510
2.36
forebody forebody -
A65EF45C10
1.58 0.14 -
forebody forebody -
A65EF45B10
1.86 0.07 -
forebody ~ void = -
A65EF45510
2.01 = -
forebody forebody -
A65EF65C10
151 0.14 -
forebody forebody -
A65EF65B10
1.80 0.27 -
forebody - -
A65EF65S10
192 - -
forebody forebody -
A65EF65C15
2.60 0.32 -
forebody forebody -
A65EF65B15
2.85 0.31 -
forebody ~ void -
A65EF65515
3.10 -
No.l fore ~ 1 after C.T. - -
A65TBBC10
2.66 m - -
No.l fore ~ 2 fore C.T. - -
A65TBBB10
3.00 m - -
No.l fore ~ 1 after C.T. - -
A65TBBS10

2.24 m

98 —




Table B.3 Summary of damage results of Ship A

fracture length(m)
case rock penetration length(m)
bottom inner bottom

No.l fore ~ No.2 mid C.T. - -

A65TBBC15
3.94 - -
No.l fore ~ No.2 after C.T. - -

A65TBBB15
4.52 - -
No.l fore ~ after C.T. No.l after C.T. -

A65TBBS15
2.79 0.42 -
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(8) side view (b) bottom view

(¢) inner bottom (d) bottom without inner bottom
Fig. C.1 Damage configuration of C65EF65C10

(@) side view (b) bottom view

(c) inner bottom (d) bottom without inner bottom
Fig. C.2 Damage configuration of C65EF65B10
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(8) side view (b) bottom view

(¢) inner bottom (d) bottom without inner bottom
Fig. C.3 Damage configuration of C65EF65510

(@) side view (b) bottom view

(c) inner bottom (d) bottom without inner bottom
Fig. C.4 Damage configuration of C65TF65C10
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(8) side view (b) bottom view

(¢) inner bottom (d) bottom without inner bottom
Fig. C.5 Damage configuration of C65TF65B10

(@) side view (b) bottom view

(c) inner bottom (d) bottom without inner bottom
Fig. C.6 Damage configuration of C65TF65510
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(8) side view (b) bottom view

(¢) inner bottom (d) bottom without inner bottom
Fig. C.7 Damage configuration of B65EF65C10

(@) side view (b) bottom view

(c) inner bottom (d) bottom without inner bottom
Fig. C.8 Damage configuration of B65EF65B10
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(8) side view (b) bottom view

(¢) inner bottom (d) bottom without inner bottom
Fig. C.9 Damage configuration of B65EF65510

(@) side view (b) bottom view

(c) inner bottom (d) bottom without inner bottom
Fig. C.10 Damage configuration of A65EF65C10
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(8) side view (b) bottom view

(¢) inner bottom (d) bottom without inner bottom
Fig. C.11 Damage configuration of A65EF65B10

(@) side view (b) bottom view

(c) inner bottom (d) bottom without inner bottom
Fig. C.12 Damage configuration of A65EF65510
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