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SEMS (Highly Ductile Steel) a2+ 7 b
== it FH 45
. ¥k Notation
. SO mEE M EER EXIR
51 FEHEIaL— 3y (BBRSH)
5.2 90FEE3E
53 ERIRAA=X L
5.4 HDS#E A # &t
5.5 #&HEE
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BFIRIEREE

A HA— oD KFRE BB

HRBICKDTEEAA—DTIY

Aoh—RRHEWRR &2 - EE

D/H [ H& %}, Baltic carrier (2001).

IMO/MEPCTD A h—IZxt B E DR

81k 3% 5/ (2008-2012) -
HREIRVDBLGHERER Baltic Carrier in Denmark (2001)
BIFIAZE (R Als&e (BB iH 7)) B EHE MR o9 Others, 1
H.XYEO Y, SPSHUMN(yT) N

“\_ \| Corrosion, 1%
Breaking, 4%

‘ Collision, 29%
Unknown, 7%

# A4 R B 2 (BT E D)

Discharge, 7% <

Sinking, 12% -

— Grounding
= 1 ‘i . ~ ’
=] E I ﬁlﬁ‘l Mishandling, 22%

14%

( H DS: H igh Iy D ucti I e Steel ) Cause of ail spills fromtankers in 1970-2008

IOPCF (2008)

AL D iMREESRER (EEHREAEEE. IOPCF)
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2. & REMEER (HDS : Highly Ductile Stee) @3>+

(DU HGEREH GRIEEKAE) D1.5F L E

2)BFIK. BIERIES, IR IR . A HETE (X HE KM
ERIF

GRIBIL—ILIZEES
(BE[INK LY A& EZE S . NotationT 5 )

Dimenlionless nominal stress

Dimensionless nominal strain

4) XD EHRETEEEE I [TEAREE

HDSIX. iERDERFTELE LT S, HliIREELEET S2NDHT
EFARIRETHAHENTRADFI R
(BEHRERBLHRHEE IR REBOMES TERELL )
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KA KA (HDS)

KA32 KA32 (HDS)

KA36 KA36 (HDS)

Conventional

—RERIIZ . FRONEERE & BRI

SR AEAIZxt LT, HDSZF & &9 5 2 & Bl
RIS ZENEN,

MRV 1DEFFEBEFERENF—RAUk

LD ®EIRIaAL—aVEEFRLDD.
¥ B RERTE

HHBEEIRAEM->HAEDERBF
H51k

Elongation
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HDS A< x4k

> 2012 > 2013 > 2014 > 2015 » 2016 >

| Phasel | — S B
_Phaselnn | | | co—eeeesse—)

o oS @
<HDS7ZAavxzI+> A
20124 LY . HDS TOS T4 ~EItA st | CasshK
Phase I +Phase 11 *ﬁﬁz Maritime, Port and Aviation Technology

BRI MERFEREN o FHA—D—ERITHZEIZER.

Phase II:NKIZEFREZ L (Z LS4t HFAE I ELTER
[EZEEFDHESIERD-HDMAEE~NDSIEMSSHDS)E AHIZEE T 5% |

<HFEBH>
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. M OBEREBMIRE
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1= S T4
(HDS)

Built by Imabari Shipbuilding CO. Ltd.

EEA KEMI0E 2017F78RTE)
B A RO RFa2 D

EARAZE £93000h> &

1 FA fin fiA 2015 N o
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4. fnfhNotation

SEMEMIE. NKIZKYERER

= E 14 5l 2 {58 B L =R fiE [ “Notation{-T &
fhin £ R ET

DNV-GL #a4la/—F7— 3> COLL]

/ ClassNK Notation \ / NotationzhE \

“Hull Protection by Highly

- i 2 ORISR F BT R LE—IR
Ductile Steel” (HP-HDS) IR 1= 5552 0> 45 2 H DS %38 FB L 1= A

Descriptive Note:

o ZE T4 i 58 A E AT BC &k
Material grade of HDS o L
HDS Z AR ZF&KERT B “HD XX” “XX” Ez7E—)L AR

e k=g ST, RISHER A BB R
figqaug*ﬁmmﬁau%naﬁ 12 & D [ B BR 1% /

ZE - RRICEEL-RETHEHZ
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5.1 FEREIIaL— 3y

<fE\EELFUA>

B VLCCHA EFH VLCCRR AR d R &R ZEfZE
LxBxD = 330x60x30 [m]

BEEEE:1~12kt — [RREREEHT
FEMAE 30, 45, 60, 75, 90, 105, 120, 135, 150

<fEEH>

fEHTO—F: LS-DYNA ver.971 [5f#i% (SfZfEX)

EZEM - A E M I TEHBMARETIL G100 ER)
MGER — NILA—F—KFHREE

MrdtEaEl: AR —HBIBEELZSEREL(MAT24)
W% 1% (Barba’sBI+ stress-tri-axiality & [§)

1R E K F %% E(Cowper-Symonds Model)

BHE - NFILTR(BEEMED)
FLHA OB EETIVIE (AR R ERIZ S
MACEHEESHEE (EEVMIRER

BIKEZE (TI/KE=Z(2KYZEE (Sway, Surge)
578918 5T 11 : SpringZE =& (Roll, Pitch, Heave)

(f

EATSR)

Probability

0 2 4 6 8 10 12 14 16 18 20 22 24
Speed of striking ship VB [kt]

EBEMEEOEERZEESH
(lUA&E#. 2014)
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UZal— Rt — &
STEED V) — XM

HDS
Application
Pattern

Simulation No.
Struck ship mode
Struck ship motion

Collision Angle

Outer shell
Outer shell longi.
Inner shell

Inner shell longi.

Outer shell bilge

Other members
Number of cases

Model 1 Conventional
(1 tank) Partial Application I
Conventional
Partial Application |
Partial Application II
Model 2 Full Application
(9 tanks) Conventional
Fixed Partial Application OS
(Conservative) Partial Application IS
Partial Application OS+IS+B

O
()
S
S

Simulation 1

Considered

Simulation 2

Simulation 3

e Simulation 1: Ef#00E &2, 445 —X
e Simulation 2: FlOEZE, 535 —X
e Simulation 3: =&, 457 —X
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52 90EEZE RAOABREDLLE

SIEESEREM AR E VAR (A UdEALL)

VB=12kt, Bet. T.BHD. (C21) VB=12kt, On S.BHD. (C21)

3

/'M%\IS rupture

3

P/

3

3

Contact force [MN]

z
=)
D
&)
5
@]
Y—
5
@©
+—
c
@)
@)

Fe P B ] fElmEEE £
2. ek, 75 :HDS
MR JHEET & (R R DX EBICIET.

HDSERIZ&Y, FIHA IHIRF (ST DB
(Trupture; 087S _)1815, 1118—>228$, 2 tlmeS later)
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5.2 90EEZE

IRILF—IRINE D LLER

On S.BHD.

—Conv. (S01-C21) 1,

_HDS(SOZ-C21)/’< 7

/ 2.91ti

—HDS (S04-C21) s
—Conv. (03-c21) /

e

% 722

IEA (Internal Energy for ship A): #REZE/ D TR ILX—IRINE

HEZERODEGAR VBIEE TOERINE (., EFMIZEER£92.6-2.9Z (21 0.
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5.2 90EfE3E
BESMBOIRILT—IRYR L=

T.BHDFEIE1ZE (#KEZEMT56 EB# T IL—T DFEHF LY )

Bet. BHD. Conv. , VB=12kt (S01-C21) t=0.87s Bet. BHD. HDS, VB=12kt (S02-C21) t=1.81s

BILGE, 3%
Others, 2% BILGE, 4%
UPDK, 7% 1 Others, 2%

UPDK, 9%

T.BHD, 2%

S.BHD, 3% i T.BHD, 3%

S.BHD, 2%

HDS

HDS#EF DI5E O WRIREDFEXHE L. HE KD HI34E
NIRIZEDIRILF—RINEN K (EIZ, SMRDEHZIE)
544k (OS) +A#R (IS)+A < (Longitudinal) TEARD 50% LL L DEIRUR
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5.2 90EfE2E (SimulationI) ~fER1EZE3E)

[RAFEEE (Vo) EREICHFROEBEIVIICHAZELSEIH/INEE.
BEER B CTIEIWAZELSELGL, - ETLDIEEELD.

A4 — 2 D FRHT

| 2 | 4] 5 | 6 | 7 | 8 | 9|10] 11 |12]| 15| 16| 18 | 20
eNemupete | D -&lﬁﬂ_-:-

L L sl O

| sod | o | T RS "I-_ﬂ“-ﬂn-'--

fRFREZREE PR ARG ZSEE D 5 ik
(VB.r = 5.5kt)

1t)L14—2 (138R)
ST EZ L EREL
5 5 HE L EFEA B 4775 /A B

SF +FEA
(1case)
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Internal Energy [MJ]

VR E: = a N N - - B =T S R N
o O O O O O O
S O O O O O o O
1 _ Conv. T
— Partial [l M | ERURIFIFO
""""" F Full >
2 h — Conv. | 1 Sec2asizsly | 2
i > - THERIY S
- Full i “U'I
1 . Cpnv. o
Full U
Conv. a
N .
Full =
Conv. T
U1 M .m
ERINEED | &
(@)Y
. E ONE OO N O
2 8 ©“ e s 3 S
ec.40 8 Y 5 - =32 £ %
A ANSH 0 I LY Z
> 8l (" q CCUO : : eCt10 1 1T
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S3ERINA H=X L

1. EMHEXRIZELSIBERDOERINE] SF

2. FETEIERRICKADRENAFVHRIRE G (FrfEEh)

3. MEAROIR)LF—IRINE1E K (ZEfEEh)

LEE1~3.DEFEMRICKY ., FHFVVHBEETD I
ILEF—RIREMNFRL TS,
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5.4 HDS & A& fRET (4/\F—2)

lilljkjkl TTTTTTTT
AR PR NN
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3. HDS-Partial I (OS+1S+OSL)

]

»TTITITT

TTTTTT]T

IREEERE RN R

TTTTTITITITT [TTTTITITITIT

‘IITITITIiTT]TIITITIT IITITTITITI

2. HDS-Partial I (OS+IS)
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HDS
Application

Outer shell
Inner shell

Pattern
@& A

Conventional

HDS-Partial I

HDS-Partial 11
Full

Inner shell longi.
Other members
OS Rupture
IS Rupture

Outer shell longi

X3 OFE

OF WAL

O[O XX
O[O XX

MR AR DH~DBATIL. FLHA IRIBE I EE L.
LB IRIEER LT B1=5(2(E. SMEOL S AOHDSEANES.
KL REISMRI(E . B 871 (=3138 1) EL TR TN,
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5.4 #&&HEZE

e 0=30, 45, 60, 75, 90(right angle), 105, 120, 135, 150 (9 angles)
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5.4 RHEE
FEAT/7—X (53 cases)

Velocity
[kt]
12

—
w
ol

HOIO|O] 1 |O|O]|% [X

10
9
8
Ji
6
9]
4
3
2
1

3+3+46=52 cases, 1 case only for Partial I (6=90deg)
X :1S rupture, OIS not rupture
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PR 57187 2233 £ D B 7 fR SR B #R (Rupture Limit Curve:

Rupture Limit Curve

Ip
Partial Il (OS+OSL+IS)
/-‘-HDS(FUII)
}// —s—HDS (Partial I1)

X HDS (Partial I)

S / i =O=Conv. (1S)

Not 0S ==Conv. (OS)
Ruptur

(X}
(=)
'S
o
N
[
o
o
o

X

—
=<,
>,
=
)
o
O
>
o
£
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—
12
©
o
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—
@)

30 45 60 75 90 105120135150
Coallision angle [deqg]

HIRIRIRIR IR IR IR NN O]
1 10101010 1% %
[ 1OI0OIX x| |1 %

[ OO0 x| 1 X [%x
[ jIOOOIx | | ] [%
i [OOI0]! OO |
1010101 ] 1O

OIOOOXx X [x]1 |1 ] [x
O I0lOx x| | |1

RAEBORRERREHT
FEMATHER
e VEDREFREFEREENZEL/PIL (FEEZEMICELLY)
e HDS-Full, HDS-Partial I1: 12kt{&2E CHLELAX I MIELL
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() SEEFERICEKY. ARV IBIEEFTOIRILT—IRINE L HEETHIZLEN

2.6-2918 L% 5.

Q) SEMMERICKAERINAD=X LMNBESMELEOT-.

3) SEMESER I LSRR EZERER L

4) SEMHEONEIEASBHMIEFTDRER MOV ERSIREE

G BRETHEON-MEE LY, HDSEREHEZREL, HRTHHTHDSE

EEAL-(108). SELEAMMAIEMMNARAENS.

O)SIEMEIE,. BRBEHRRICKY ., RBINTHY ., EFRTHZEIZEKY.,

Notationh\ -t 5 5.

(DNEEBEDE2A—S 0 MR E I 1T THL DM EERE 2 MR EDE

ROLELEEEOBERIEIEMTHS.
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