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High Performance Steel Plates for Shipbuilding
—Life Cycle Cost Saving Technology of JFE Steel—
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Abstract:

The product designs and properties of newly developed anti-corrosion steel plates and high fatigue property steel plates that

are expected to reduce the life cycle cost of ships are described. The anti-corrosion steel plates for crude oil tankers, “NAC5,”

enhance the life duration of upper deck plates 5 years longer than conventional steel plates due to the improvement of

corrosion resistance and the extension of primer lifetime. The anti-fatigue damage steel plates, “AFD,” show more than twice

longer fatigue propagation life compared with conventional steel plates, as well as improved fatigue strength.
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Table 1 Chemical composition of NAC5 (mass%)

Grade C Si Mn P S |Others|sol.Al| C.*
0.14 024 1.02 0.018 0.005| == |0.022| 0.33
D32
= = = = = =
(IACS) | — - 090 = - - -
0.18 0.50 /1.60 0.035 0.035| =#*x |0.015| 0.35

[ U

*Ceq = C + Mn/6 + (Cr + Mo + V)/5 + (Cu + Ni)/15
** Alloy elements added.
*¥**Nb +V =0.12, Ti = 0.02, Cu=0.35, Cr=0.20, Ni =0.40, Mo = 0.08
IACS: International Association of Classification Societies

Conventional
steel

NACS5
Base metal

NAC5
Weld metal

0.7 0.8 0.9 1.0
Ratio of corrosion rate

Fig.3 Corrosion test results of NAC5 and conventional steel
(Gas : CO2-SO2-H2S-02-Ng, 720 h)
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Table 2 Mechanical properties of NAC5

Thickness Tensile test Charpy impact test

Grade (mm) | y§(MPa) TS(MPa)  El(%) VvE 5 (D)

D32 375 502 28 202
(IACS) » =315  440/570 =18 =31

VE_, : Absorbed energy at —20°C
Tensile test Charpy impact test
Grade Th(lr(;llg:; - zzlt(}iglf ng}t /irrf)m TS Fractured vEo (J)
(MPa)  location | Weld metal | FL | HAZI | HAZ3 | HAZS

D32 55 FCB 137 492 Base metal 163 126 110 102 89

(IACS) - - = 440 - =34

FL : Fusion line, HAZI, 3, 5 : Heat affected zone of 1, 3, and 5 mm from fusion line

Conventional |
steel

NACS

n

0.2 0.4 0.6 0.8 1.0

Ratio of exfoliation rate

Fig.4 Corrosion test results of cross cut specimens coated
with shop primer
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Fig.5 Estimated life of deck plate
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Fig.6 Typical ship structure of single-hull tanker
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A Conventional DH32 steel
O Conventional DH36 steel
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Fatigue crack growth rate da/dN (m/cycle)

Fig.7 Fatigue crack growth property of conventional YP32, 36
class steels
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(1) High cooling rate

(2) Accurate cooling
control

(3) Combination
with controlled rolling
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Fig.8 Improvement of fatigue property by Super-OLAC

10°¢

T
Upper bound of P
conventional steel P

1077

107

Upper bound of

¥ : Target of

Fatigue crack growth rate, da/dN (m/cycle)

developed steel

AFD steel

gboboboooboobooboobobobobooobon
JO00O Swper-OLACOODOOOODOOOOOOOODO
Joooboobobobooobooobooboboooooboaon
gboboboobooboboboboooboooobon
jomooooobooooooooooboobooooot
Jooobobobobooboobobobooooobooon
Jobooobbooooobboooooooooobooboo
JL

3300000000000

gbobobooooboobooboboboooobon
goboobobooboobooboobooboooboort
gbobobooooboboobobobooobooobon
gboboooobooboboboboooooobon
Joot
33100000

Table 3 J YP36 kgf/mm’' 00 EDDODDOOODOODOC
0000000000000 OCTable4 1 00000O0OL
gbobobooboobobobobooobooooobon
gboobooobooobobooboobooboboooort
O0ooOooooooD 145ki/mmO FCBOOOODO
goboobooobob rAZOODOOOOOODOOOO
oobooboboboooobooboobobobobooooo

Table 3 Typical chemical composition (mass%)

Grade

C

Si

Mn

P

S

*
Ceq

*3k
PCM

EH36

0.12

0.35

1.32 0.015 0.004

0.35

0.20

(= C+ Mn/6 + (Cr + Mo + V)/5 + (Cu + Niy/15
## Py = C + Si/30 + (Mn + Cu + Cr)20 + Mo/15 + V/10 + Ni/60 + 5B

Table 4 Typical mechanical properties of high fatigue property
steel (Plate thickness : 25 mm)

Tensile test Bending | Charpy impact test
Direction | yg TS El test vE 4 vTis
(MPa) (MPa) (%) |[(r=159] () (°0)
L 415 533 27 Good 205 —83
426 545 25 Good 156 —65
34 (D),
= — = - —
(IACS) | =355 490-620 =21 24 (T)
vE_4 : Absorbed energy at —40°C,
vTys : Fracture appearance transition temperature

o 17w

10 20 30 40 50
AK (MPa - m'?)
Fig.9 Fatigue crack growth test result of high fatigue property
steel

Stress range, Ao (MPa)

® Developed steel
O Conventional steel
200 | | | |
10 10° 10 10° 10° 107

Nf (cycle)
Fig.10 Fatigue strength property
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® Developed steel
O Conventional steel

Crack depth (mm)

Time (y)

Fig.11 Simulation of fatigue crack growth under service
condition
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Tableb JFEOOUOOOOOOO

NK. ABS. LRIDNVOOOO
goooooo gooooooooooot
gooooo
gooooooo JFE-EWEL
oooooo JFE-LP
JOoooooooo JFE-NACS
goooo JFE-AFD

NK : Nippon Kaiji Kyokai, ABS : American Bureau of Shipping,
LR : Lloyd’s Register of Shipping, DNV : Det Norske Veritas

gboboooognot
UJFEODODOODODODODODODbDObDODbODbOn
OOoO0oooOonlylONo. 100D0O0O0O0OO0OO0OOOO
gbobooboboobooboobooboobboooot
0000000000000 Table5000¢

gbobobooobobobobobooobooobooban
gooooomooooooooooot

oooo

Il 0000000000000 00000000D000O00000OO
000041 000000000000000000019940p. 357-
360.

2 02200 00000000000000000000O0O0O0OOO

0110120 18300000000000 000 02000020010 20021

02500000000000000000000000DO0O0OO

O0000000oDoOooo2003i

4 0000000000000 0000000O00D0O00D0O0mMOD
JO00D000000000000000000DO20010 p. 3150

50 J000000D00000D000000000000O0OO0O0O?20011

60 D000 VLCCOUODOUDOODOUOODODno. 2450 1998

700 000000000000000000DOO0n”o. 2020030 p. 21~

22(

Paris, P; Erdogan, F. Trans. of the American Soc. of Mechanical

Engineers. 1963-12, p. 528-534.

3

8

goooo



