EREFOHESEBD-HDMEEEA

SEER(HDS * )& IS 9 2%

Time = 0.99998
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HDS Project

> 2012 > 2013 > 2014 > 2015 > 2016 >

| Phase| | eemme—— | |
 Phasell | | | =————

®

SUMITOMO METAL ClassNIK

National Institute of

Maritime, Port and Aviation Technology

« HDS Project has started since 2012
» The project consists of Phase | and 11
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Background
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1. Background

« Collision & Grounding most probable
cause

« D/H system is effective, but not
sufficient as shown in accidents such as

Baltic carrier (2001). reaking, 4%
» Important to further reduce risk of oil S Collision, 29%
spill from

MO discussion about environmental
FSA.

Discharge, 7%
Sinking, 12%

Mishandling,/

14%

Cause of oil spills from tankers in 1970-2008
IOPCF (2008)

« Recently new material is developed and
Is applicable to ships.

« Highly Ductile Steel ( )
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2. Concept of Highly Ductile Steel (HDS)

(1)Elongation of HDS is assumed to be about 1.5
times larger than minimum requirement of
conventional steel considering current material
technology

(2)while keeping yield, tensile and fatigue
strength as well as weldability.

lass rule

(72]
(%]
(<)
[
fra)
(%]
©
=
S
o
c
[%2]
wn
i)
c
2
c
(5}
£
Qa

0.0 0.5 1.0 15
Dimensionless nominal strain

(3)comply with class rule
(already approved by NK +Notation given)

(4) can be applied without changing conventional
structural design

Point : HDS can be used just by substituting plate only !!
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3 Types of HDS developed by NSSMC

Conventional

« Generally, Elongation is inversely
proportional to strength.

e ltis difficult to manufacture HDS
for High strength steel

Elongation

HEMEERE 2016/11/30 Imasart SuipBUILDING CO, LTD.
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World First Application of HDS on actual ship

Built by Imabari Shipbuilding CO. Ltd:

Loa 299.94 m

(HDS)

24.7 m

206, 600 ton

HDS applied to side shell and fuel oil tank of the BC, 3000 ton

of HDS used in total. .
fuel oil tank

Since then 6 ships already delivered, 10 ships adopted (as of 1%
Oct, 2016).
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ClassNK

© 2016 National Institute of Maritime, Port and Aviation Technology, All Rights Reserved. “ﬁ;ﬁﬁi’;{ﬁ“{zon and Aviation Technology



Class Notation : HP-HDS

ClassNK Notation

Notation is assigned to ships using ClassNK approved HDS effectively to increase the
energy absorbed by the hull in the case of collision or grounding.

Descriptive Note
Specifies the grades and application areas of the HDS used.
e.g. : KA32-HD XX applied to side shell plate and side longitudinal within
Fr. XX-XX(or No. X-X WBT)

Material grade of HDS

Approved HDS is indicated by “HD XX”
“XX” shows the increased percentage of elongation of HDS against the rule
required minimum specified elongation of the corresponding normal steel.
e.g. : KA32-HD50 for 15<t=20
KA32-HD50 is Highly Ductile Steel with minimum specified elongation 27%, where the
minimum specified elongation of KA32 is 18%. (18 x 1.5 = 27)

HEMEERE 2016/11/30 Imasart SuipBUILDING CO, LTD.
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3. Objectives of the Project

» To Investigate effects of HDS on crashworthiness of the struck ship
using a large-scale ship-ship collision analysis with Nonlinear FEA
(NLFEA)

» Assessment index
- Energy absorption capability

- Critical striking velocity (minimum speed of causing rupture of
cargo oil tank)

» Comparative study : Conventional vs HDS
Several application pattern of HDS investigated

HEMEIRSE 2016/11/30 ImaBarr SHipBUILDING CO, LTD.
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Analysis condition

11
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Overview of Analysis
The project consists of 3 sets of simulations

HDS
Application
Pattern

Simulation No.
Struck ship model
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 nventional
Simulation 1 I ode 90 Conventiona 44

(1 tank) Partial ABBIication | O O
.- |

. Conventional
Considered - —
30-150 Partial Application |
(oblique) | Partial Application Il

Simulation 2

O
O
Model 2 Full Agglication ot OO O L)L)

(9 tanks) Conventional
Fixed Partial Application OS O10

(Conservative) Partial Application IS
Partial Application OS+IS+B__ | O | ()

O
e 53

Simulation 3 45

« Simulation 1: 6=90, preliminary, 2 patterns
« Simulation 2: 8=30-150, Oblique collision, 3 patterns
« Simulation 3: Effect of HDS on Deformation, 4 patterns

H#EBFEEHRE 2016/11/30 Imasart SuipBUILDING CO, LTD. NIPPON STEEL &
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Finite Element Model

Model 1 (Phase I) Model 2 (Phase I1)

Simulation 1 Simulation 2 and 3

Elastic-plastic

Rigid Elastic-plastic |

|

1 tank elasto-plastic model 9 tanks elasto-plastic model
Horizontal hull girder bending considered
Effect of boundary condition reduced

H#EBFEEHRE 2016/11/30 Imasart SuipBUILDING CO, LTD. NIPPON STEEL &
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Analysis Condition
Solver : LS-DYNA ver.971 FE model (Model 11)

explicit analysis SEAHC IO ALY),

Striking Ship (B10)
Total

VLCC vs VLCC

Striking, struck ship : elasto-plastic + rigid

Material Model: piecewise linear model (MAT?24)
Failure (Barba’s law + stress-tri-axiality)

Strain rate effect (Cowper-Symonds Model)
Contact (Penalty method including self-contact)

9 tanks of cargo oil: mass element

6 DOF for both ships (mass matrix)

sea water : added mass (Sway, Surge)

Restoring force (Roll, Pitch, Heave) : spring element

14

2166
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Modeling of mass of cargo oil tanks

15
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Collision Scenario - collision point -

Collision Point 1 Collision Point 2
(Bet. BHD) (On S.BHD)

Collision Point 1 is assumed in Phase Il (severe for the struck ship)

HEAFEI|E 2016/11/30 ImaBarr SHipBUILDING CO, LTD.
© 2016 National Institute of Maritime, Port and Aviation Technology, All Rights Reserved.
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Critical Striking Velocity (Vs.r)

Definition: Minimum striking ship speed to penetrate cargo oil tank
In case of collision, below which oil spill does not take place in
collision (can be navigational index for ship master).

Simplified formula (SF)

If 6=90, V,=0
Momentum Conservation

Energy Conservation

E...: Absorbed Energy by the

S,Cr-

added mass. time of cargo oil tank rupture.

M, « Mg :displacement of ships including

« By using the above formula, VB,cr can be effectively estimated by one
simulation analysis (without carrying out a lot of analysis).

HEMEERE 2016/11/30 Imasart SuipBUILDING CO, LTD.
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Analysis results
(Simulation 1)

18
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Overview of Analysis

HDS
Application
Pattern

Simulation No.
Struck ship model
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 |
Conventional
30-150 |Partial Application |
(oblique) |Partial Application 11
Model 2 Full Application
(9 tanks) Conventional
Fixed Partial Application OS

(Conservative) Partial Application IS
Partial Application OS+IS+B

N
N

Simulation 1

o

Considered

Simulation 2

Simulation 3

« Simulation 1: 6=90, preliminary, 2 patterns

H#EBFEEHRE 2016/11/30 Imasart SuipBUILDING CO, LTD. NIPPON STEEL &
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FEA Results (Phase I, Simulation 1, V=12kt, 6=90)

H= [22-] H
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Comparison of histories of contact force &

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

." ..
AW

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

l' WII

ml ﬁ“‘ a has ““r”"" VAL

W
o
o

N
o
o

— —
Z 2
2, 2,
[«B]

3] 3
— o
2 L
= —
= @
T +—
i}

c c
o (@]
O O

Between T.BHD On S.BHD
Black: Conventional, Red: HDS

« Contact force decrease significantly after IS rupture.
* Due to application of HDS, delay of IS rupture can be seen
o  (Trwpure; 0.87s —1.81s, 1.115—2.28s, 2 times later).
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Effect of HDS on Energy absoprtion

Bet. BHD. On S.BHD.

—HDS (S04-C21)
—Conv. (S03-C21)

—Conv. (S01-C21)
—HDS (S02-C21)

Energy absoprtion by the struck ship until oil tank rupture becomes about 2.6-2.9
times larger than conv.

HEMEERE 2016/11/30 Imasart SuipBUILDING CO, LTD.
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Simulation 1: Share ratio of energy absorption 23
by structural members

Between T.BHD (Analysis of 756 parts for the struck ship )

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

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

Others, 2% BILGE, 4%

Others, 2%

UPDK, 9%

T.BHD, 2%

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

S. BHD, 2%

Face, 6% Web, 10%

1393

« Absolute value of energy absorption by HDS is about 3 times larger than Conv.
« Energy absorption by OS is the largest mainly due to membrane effect.
 Interesting to note more than 50% energy by OS+1S+Longitudinal

HEMEIRSE 2016/11/30 ImaBarr SHipBUILDING CO, LTD.
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Validation of SA

24
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Validation for Simplified Formula (SF)
44 cases of FEA simulation carried out

h‘ VB [ki]
| 2 | 4 | 5 | 6 | 7 | 8 |9 ]|10] 11 [12]15] 16| 18] 20
Case | C34 | C31 | C29 | C23 | C33 | C25 | C27]C26| C28 | C21] C30| C36] C35] C32)
No rupture | Rupture
| B
| ENES
- x| x [ x| x [ x
. VB,cr [kt]
iti I Case | SF+FEA FEA
1 44
(VB,cr = 5.5kt) (lcase) |(44cases)

« 1 cell represents 1 simulation analysis (1 week)

- Simplified formula gives fairly good estimation of VB,cr, considering its
computational efficiency although small discrepancies can be seen.
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Analysis results
(Simulation 2)

2a : 0=90, 4 patterns of HDS application
2b: Oblique collision -> rupture limit curve

26
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Simulation 2:; Application Patterns of HDS (4 patterns) °’
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3. HDS-Partial Il (OS+IS+OSL)
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2. HDS-Partial 1 (OS+IS) 1. Conventional (No HDS)

H#EBFEEHRE 2016/11/30 Imasart SuipBUILDING CO, LTD. NIPPON STEEL &

© 2016 National Institute of Maritime, Port and Aviation Technology, All Rights Reserved. ' aritime e,u iati CIaSSNI(




4.2 HDS application pattern

28

—_|=181I58 3
HDS 22 |=|=|&
Application 5|z |2 |2|E
Pattern AR  @mount of
“|3|1E18 HDS
O |= applied
1 |Conventional | | | | | [EEEES
2 [HDS-Partiall  |@|@| | |
| 3 |HDS-Partialll (@ |@|@]| |
4 HDS-Ful | @ (@ @0 ® IE
« Amount of applied HDS increases as 1 —»2—3—4
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Copyright 2016 NMRI A13-B10 B05-C126 A90 V12kt HDS-Partial Copyright 2016 NMRI

Time = 0

HDS-Partial 11 (OS+IS+OSE

4 x d x
A13-B10 C183 A90 V12kt HDS-OS+S Copyright 2016 NMRI A13-B10 BOSh-C118e A90 W12kt Conventional Copyright 2016 NMRI
Time = 0 Time = 0

. HDS-Partial T (OS¥IS)+ ~ Conventio



B02a-C122a_OS_Rupture_cpr.avi

HDS-Full

Angle 6
60

75

90

105
120
135
150

HDS—Partial II

Angle 12 6
60

75

90

105
120
135
150

Conventional

Velocity [knot]
Angle 12 6
30

45

60

75

90

105
120
135
150

O |X [x|%[x[x[|x|O
1 [O10|0[010|0]

o
(@)
@)
X
X
o
(@)
©)

3+3+46=52 cases, 1 case only for Partial I (6=90deg)
x :1S rupture, OIS not rupture
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Application pattern of HDS

HDS
Application
Pattern

@applied
1 [Conventional | | I xx
X

2 |HDS-Partial | $ X
3 |HDS-Partial 11 C AN K OO

4Rl |0/00|e|e 0O

- Effectve to apply to longitudinal of OS to prevent rupture of cargo oil tank.

Outer shell
Inner shell
Other members
OS Rupture
IS Rupture

o>
-
L=
)
<
(9p]
S
)
-
=

(@)
(-
°
(D)
e
(Vp]
| -
(«B}
+—
>
O

X rupture

Onot rupture
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Spatial distribution of energy absorption (in longitudinal directiorsp
- which region absorbs how much energy ? -

A90, 50Parts, t=6.0s

Energy Absoprtion
even sub-tank 2 and 4“

Section definition

=
2
)
(@)
S
()
c
L
©
c
S
()
-
c

Conv.

c c I
Full
Conv.

o o I
Full
Qonv.

» Section No.4 absorb largest energy
 Initial stage: Next to OS, Trans absorbed much energy

« InPartial Il, Full, energy absorption not only at No.4 but also at No.2 and
No0.6 —
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Mechanism of increase of energy absorption in using HDS’

1. Delay of rupture due to larger elongation capability

2. Increase of energy absorption in space due to delay of
rupture (especially increase in longitudinal direction)

Synergetic effects of above 1. and 2. is presumed to cause
the increase of energy absorption by the point of IS rupture
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4.1 Initial setup of obligue collision analysis

» No forward speed of striking ship assumed
« 0=30, 45, 60, 75, 90(right angle), 105, 120, 135, 150 (9 angles)

HEMEERE 2016/11/30 NIPPON STEEL &
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Copyright 2018 MRS A13-B10 C151 A150 V12Kt Conventional
Time = 0

Example results of oblique collision (6 150deg)

A13-B10 C151 A150 V12kt C
Time = 0

Y

bx

A13-B10 C151 A150 V12kt Conventional Copyright 2016 NMRI
Time =

z

vd x

In 6=30. 150deg, slip condition take place. Out-of-plane deformation of OS take place without rupture
IS observed.
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Comparison of failed elements in struck ship

Struck ship (Vg=12kt)

Considarable reduction
of failed elements

AT,

Collisi i o
ollsion::
Angle | e | |

Conventional Partial-1 Partial-11  Full

Number of failed elements

Number of failed elements decreases as HDS increases — reasonable
Ratio of failed elements (N,ps/Nconventiona): Partial-11— 2/3, Full— 1/4

36
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Full Part. Conv.  Failed elements 4

FEAELELTESLY
§ Striking + Struck ship
“ S
3
' 3
S— 3
=
Z
i WEEM O IE AR IIFull>Partial I ->Conv.DJEIZEEML . EZEM
DENIEZDIEIZR-TEAD T 5, MADFTIZFullB KU Partial I T
D1EliEo TS,
—

Conv.[Z75 4 & A RMAIRZ R EIB M, FRMTIERED,
+ WO TIE, B ERDIZEAPLLDEY, Partial BN/ ASV AR,

HEARERE 2016/11/30 Imasart SuipBUILDING CO, LTD.

© 2016 National Institute of Maritime, Port and Aviation Technology, All Rights Reserved. ”ﬁ;",fie't"{,';{”.;"fi:o,-t and Aviation Technology

ClassNK



Rupture Limit Curve of critical striking speed

Rupture Limit Curve

‘Sglll Partial Il (OS+OSL+IS)
mumn |
‘l"l" —x=—HDS (Partial I1) Feliiel | (e
4‘ % HDS (Partial 1)
‘l- ' Conventional
=O=Conv. (1S)

r—
)
4
[a—
>
=
(&
L=
(<)
>
(@))
=
4
-
)
(7]
©
O
=
S
O

30 45 60 75 90 105120135150
Collision angle [deg]

* In case of HDS-Full, HDS-Partial I1: Rupture of cargo oil tank does not take
place in striking speed of 12kt
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Analysis results
(Simulation 3)

39
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Analysis Methods for deformation .

Center Line Section

R .
el )

Center Line Section

« Motion of the struck ship is fixed (conservative)
» Output positions of nodes on outer sell/inner shell at center line
» Plot deformed shape and extract maximum indentation of side shell
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Comparison of deformation i

V-D IS Mmax Def

Conv., Angle=90deg. Max Def
<>-Conventional
-o-Partial (IS)
-&-Partial (OS)

-@Partial (OS+IS)
OPartial (OS+1S+Bilge)

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000

-
o
[=)
S
S
=

E
E
c
2
IS
£
S
koS
°
£
S
E
=
3
p

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000
X-coordinate[mm]

« Max. Deformation increases as collision speed gets larger

o If V=12kt, maximum deformation in case of HDS (for OS+IS+B) is estimated to be
about half of that in case of conventional.

- Effect of HDS on reduction of deformation is small for minor collision, but can be
significant for major collision.
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7. Concluding remarks -

A series of nonlinear finite element simulations carried out in order to investigate effect of HDS
on ship-ship collision including oblique collision. Following conclusions can be achieved.

(1) HDSZEA MR R UARMRICERT A EIZKY., FHAV IBIEETO I RIILF—IRIREHHE
SESRIZEE R2.6-2.9f= 755,

(2) HDSERAIZEAIRILF—RIINEDERINERE TET-. TOREAELTEIZTTEE2RA
EZbNd,

(i) BEMNRICLSIBZERDIRILT—IER(ZFERDERINENZKLE)

())& AHHEEMHEEN R (FEE#HMTOIRIILF—IRNEEK) EVEANIE ZERARD
IRIILF—RIREEXRFFIC, REAMR)

(3) HEEH R U ER5 @ A1(0S and I1S)IF DR FE L RE (L. TN ZNHISkt R VOktELE D, BB
S ERAI (0OS+ OSL+IS) R U 2 E AR DR R EZRERE (L 12kt L £ LG DT EMN T M o1z,
12ktlE, A E D EEMBOXKFHFIERETHY . ARHBIRIVDKIEHIEBELRFT S
EMTES,
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7. Concluding remarks -

(4) HDSD#E /N3 — 2 LLBSAREEIZ &Y, HDSZEMNRD O D ITER T 5 EMNIRMAKRELD
ZEMO Mot ThITEIZ, FEEM TIEmembranelZEAIRILF—RINMNA X BRI TH S
e e

(5) HDS#E IS 12k D K E 2 2 HIFIZh R (L. {E:EE ZE (minor collision) TlX/ha<, LALE
MRS EREETRKEVNEN I OT=,

(6) BIZERMICOLT, HEERICEWVLWTIEREXRMERANRLBZVERELGY . FIMED
i CIXHDS(IS). HDS(OS). HDS(FUll D BIZFRIZEER A L1 . EEMGIERAE
BAHENTE = AFICHMBERNI— DIRIEER L., R ELERTHE R IEEITH
b=,

(7) FMFHDS)ZEMARICEASE MR RELIIT A TOFEREREICE T, BHIRFET
DEEFREIARER B ICLE R TRGY , HDSIZK A ZE =D MG RELMERT 5 EMNTE
Fzo INITFMHDNEBNEEZROOLEZEZON ., FICEHRICEHMAISMREVRARD
mSEREHNH OT=HIZF. fBISHROS)ICH M HEERHICERAT A ENUNENTH
BEEZD, >NRIUTHS,
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(8) FiIMELEAIZELY ., BERAIV T EIENEL ., MAISMRIE 5 (membrane force) AR A
FEAETIEDLY ., MAEEDIRIILF—IRIREIIEMT D, CDELY ., HEXMBTIEIH
ERNOEREIETCRHATMICIRIENEFRL, BEERMD -NIRBIEERHKRELTS,
— A T.FMHHETIE, ARERAECTEREZRH R -BIRERHDELD,

(9) AL LY EE LAV RRERAELL T, PRELAEN0EUTHLLIL
150R LA E S . 2 EMmZEMATR Y YT, FIRES RIS ES RO EHET S
CENTED,
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7. Concluding remarks -

(10) HEEMO T RILEXF—IRURIZFull(EEER) TRAELEDZN, ARNEEZ DL,
Partial II (OS+IS+OSL) M AH 3 ZEM TH S, Partial I (ZFENEIIZKY [REEFICEHEER
ETAAREMIEHEIN . AEDO B 1DILEFIBEFLHIETHY . BHREEED
EXEEEZEITNIL. Partial T IXIEE IR TH B,

SHRERIE. FEDRMISTITAIBFEDERELFI)AICE>TEMEBRTHY., LYUE

BRTIEREEOICIE, BLRIRFADDETHS, LHALENL, SRID—EDD—X
FRATIZKY . HDSZEERA T A &ICLA KRB HREIRENRIADHAENEEMITHKRIES

N.HDSDFFKMEDHLIMBRFHEZRTELEZADNDS, BEREDRED=H. HDSOE X
REICHIFT-BLHAME -HARERNEETNS,

HERFEIRE 2016/11/30 ImaBarr SHipBUILDING CO, LTD.
© 2016 National Institute of Maritime, Port and Aviation Technology, All Rights Reserved. . Maritime, Port and Aviation Technology ClassNIK




46

Thank you for your attention
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