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Development and Adoption of Steel Plate (NSafe™-Hull) for Shipbuilding with Improved Collision Safety
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Abstract

Ship collision and grounding and subsequent damages and foundering are serious maritime
accidents which may cause losses in valuable human lives and resources and environmental damages.
Newly developed NSafe™-Hull has excellent ductility (elongation), which enables to prevent fatal
damages for ship structures even if ship collision or grounding occurs. Technical concepts and
material properties of NSafe-Hull are described in the present paper. The world-first adoption of
NSafe-Hull for the ship structure is reviewed and its effects are demonstrated through the collision

simulation by nonlinear finite element method.
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Examples of mechanical properties of NSafe-Hull

Tensile properties
Thickness Yield Tensile .
Steel . Elongation
(mm) point strength %)
(N/mm?) (N/mm?)
A 11 410 517 30
B 18 389 508 33
C 26 384 509 32
D 35 381 505 33
NK KD36 10-40 =355 490-620 =16
600
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Examples of stress-strain curves
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Thickness Groove | Root |Welding Voltage Welding .Heat
(mm) angle gap | current ) speed. input
©) (mm) (A) (mm/min) | (kJ/mm)
35 20 9 380 39 45 20
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Macrostructure of weld joint
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Charpy impact test results of weld joint
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BEHE2 NSafe-Hull ¥EAM (IF5TEHM) DREK
Launch of the bulk carrier with the world-first adoption of
NSafe-Hull
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Outline of the bulk carrier with the world-first adoption of
NSafe-Hull

Deadweight 206600 tons
Length 299.94 m
Breadth 50.00 m
Depth 24.70 m
Shipping company Mitsui O.S.K. Lines, Ltd.
. Saijo Shipyard,
Shipbuilding yard Imabari Shjipbuilz}i]ng Co., Ltd.
Launch 2nd August, 2014
Amount of NSafe-Hull used Approximately 3000 tons

Fuel oil tank in

engineroom

3 ERIESTEAMICEH TS NSafe-Hull DB
(SiREfRTRAD)
Overview of parts for which NSafe-Hull is world-first used
(courtesy of Imabari Shipbuilding Co., Ltd.)

4 NSafe-Hull 5@ FHERH & HiEFHR
Parts for which NSafe-Hull is applied and its expected effects

Positions Details of parts applied Effects expected
- Side shell plating + Prevention of flooded cargo holds
Hold single hull * Hold Frames + Protection of cargo

- Side longitudinal stiffeners

- Prevention of penetration by loading machine grab strike

- Side shell plating

+ Topside tank bott lati
Top side fuel oil tanks opside tank bottom plating

- Side longitudinal stiffeners

* Fuel oil tank longitudinal bulkhead

+ Prevention of oil spill
+ Prevention of penetration by loading machine grab strike

- Side shell
Fuel oil tank in engine room Side she

- Fuel oil tank longitudinal bulkhead

+ Prevention of oil spill
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Ship side-collision (schematic)
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Side-collision model for bulk carrier (courtesy of National
Maritime Research Institute) (a) Plan view, (b) Front view

X5

VARAR L 72 22 OB A AR ISR 3. 22T, 5 ()
OFEHE S (b) DIEHHIZRY £ )12, HERT by
wHT DWEEMTH Y, AWIFEIZ T NSafe-Hull O %
M3 AR TH L IEORAM A OIBIERIZ L, HE
N7 PV, OHBEM B (REGHS > — & R]E) HHE%E
T5YIab—aryiIERIAREREMRNT (Nonlinear
Finite Element Method, A%, FEM) (2 CTiTo720 2D I 2
L—3 g T ZEM B TUEAMAR ST EE D 3 X A
#GEL, Bt (X5 (a) 1 “Fix" LR L72A0E) % &
ERME L CEE L (SHIBEREMICE > TREMD
RETHS)o B6 I L7820 B 2 MvillEisto -
FiH o BT VO E R,

7 DI TR L 72 AR O — O FBH % NK O#
HI - MRS OO 2 A3 52—k z @l L7236 L
NSafe-Hull Z @M L7286 T, #EIIOREOFE % e L

oH g & # W 40075 (2014)

X6 WERMD FEM 7V (B LML EMErIRG)
FEM model of struck ship used
(courtesy of National Maritime Research Institute)
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Sectioned view of parts for which NSafe-Hull is used (parts

in red)
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X8 ffAISRIC—AESE & NSafe-Hull £ HWIBED 12 / v MEREOHERMODBERAD FEM (Z & 3 L& (B LERTTR S
MEERiRA) (a) ER 1.4 W%, —EDIHE, (b) &R 1.4 ¥, NSafe-Hull D54, (c) &R 6 ¥k, —MiNizE, (d)

&122 6 #1%, NSafe-Hull DiFE

Comparisons of damage in struck (at 12 knots) ship with conventional steel and NSafe-Hull in hull structure
(a) 1.4 seconds after collision with conventional steel, (b) 1.4 seconds after collision with NSafe-Hull, (c) 6 seconds after
collision with conventional steel, (d) 6 seconds after collision with NSafe-Hull
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Absorbed Energy by Struck Ship, Normarised
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TETRMIC &L 2WINT 2L ¥ — DL (—RMDIFE
%1 &L TIEREL)

Absorbed energy by struck ship, normalised by value of
case with conventional steel
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