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Synopsis :

A 75 mm thick YP420MPa class steel plate has been developed for arctic offshore
structures where required are high toughness and crack arrestability such as 50%
fracture appearance transition temperature (FATT) lower than 2100, C and the
temperature of nill ductile transition (NRL TNDT) lower than 285, C, respectively. The
steel plate was designed of low C-low Si-Cu-Nb and 1.1 mass%Ni addition type and
manufactured by MACS (multipurpose accelerated cooling system). The excellent
fracture toughness of the base metal and the welded joints were verified by
fundamental testing as well as HAZ toughness evaluation for the 5.0 kJ/mm K-bevel
submerged arc welded joints formed with straight fusion line. The featured values are,
as follows: As for the base metal, the 50%FATT was 295. C and the NRL TNDTs were
2120, C and 290, C at the surface and mid-thickness positions, respectively. As for the
welded joints, the minimum CTOD values for the essential portions in the weldments
measured at 260, C were 0.38 mm, 1.20 mm, 0.52 mm for the coarse grained (CG) HAZ,
the sub-critical(SC) HAZ, and the weld metal, respectively. All the values at 240, C for



those portions exceeded 1.60 mm.
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420MPa Yield Strength Steel Plate with Superior Fracture Toughness
for Arctic Offshore Structures
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Synopsis:

A 75 mm thick YP420MPa class steel plate has been developed for arctic offshare structures where required are high
toughness and crack arrestability such as 50% fracture appearance transition temperature (FATT) lower than —100°C
and the temperature of nil ductile transition (NRL TNDT) lower than ~85°C, respectively. The steel plate was designed
of low C-low Si-Cu-Nb and 1.1 mass%Ni addition type and manufactured by MACS (multipurpose accelerated cooling
system). The excellent fracture toughness of the base metal and the welded joints were verified by fundamental testing as
well as HAZ toughness evaluation for the 5.0kJ/mm K-bevel submerged arc welded joints formed with straight fusion
line. The featured values are, as follows: As for the base metal, the 50%FATT was —95°C and the NRL TNDTs were
—120°C and —90°C at the surface and mid-thickness positions, respectively. As for the welded joints, the minimum CTOD
values for the essential portions in the weldments measured at —60°C were 0.38 mm, 1.20 mm, .52 mm for the coarse
grained (CG) HAZ, the sub-critical(5C) HAZ, and the weld metal, respectively. All the values at —40°C for those portions
exceeded 1.60 mm.
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Table 1 Target values in mechanical properties and fracture toughness for steel plate developed
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Fig. 1 Commercial availability and R& works for offshore steels
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Table 2 Metallurgical measures for improving HAZ toughness at low temperatures

Improvement of HAZ toughness

Ite}l
Metallurgy
o T T
| “”e) Utilizing pinning effect by fine precipitate

TiN and REM (0, 5

:> L REM-Ti treatment |

- -

LMicrostruclureJ Decreasing the M-A constituent
N .

Fine ferrite-pearlite structure
Jp—
/ .
| Matrix \:‘ Decreasing free N and sol. Ti

_ L\N ) B

Minimizing the detrimental effect of
precipitation hardening on toughness

Measure

Lowering Ceq and Pent (MACS process)

Lowering C, N, 5i and P together with
controlling of Ti/N ratio

Restricting Nb and V contents
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Table 3 Chemical compasition of steel plate developed

(mass%])
C S Mn P 5 Cu Ni Nb 7oAl TN Ceq’ | Pem™ Note
0.7 0.10 1.57577” ) _(_).005 .001 959 . 1.09 0.015 0.028 | 0.003¢ 0.42 1 0.18 REM-Ti treated )
* Ceq=C+Mn/6+ (V+ Mo+ Cn/5+ (Cu+ ND/15
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g-uwor Fig. 4 Effect of Ni content on CTOD value at HAZ of SAW
welded joints (H.L. 5.0kJ/mm, Notch location: CGHAZ)
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Fig. 3 Effect of Ni content on strength and toughness of MACS
steel
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Fig. 5 Manufacturing process of steel plate developed
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Table 4 Mechanical properties of steel plate developed

! [ Tensile pr;)perties o Charpy imp;c":-tTJropérrties _ Preheat temp.
Location Direction YS TS El _ Absorbed energy () 50% 7 without
(MPa) (MPa) (%) —60°C -80°C —100°C_ | FATT (°C) "cracking (°C}
" Subsurface T — — — 324 305 258 ~135
L 446 529 | 35 - | = ! - _
14t T 151 541 34 100 | 405 324 135
Z 519 617! — — — — =95
L 425 520 34 — _— — _
1/2¢ T 432 522 33 193 136 122 —95 !
Z — 524 gl — | - _ _ |
*! Reduction of area (%)
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Table 5 Drop-weight test results of steel plate developed
Test piece type Location Direction TNDT (°C)
Surface L —120
P-2 : -
| /2 L - 90

Temperature (°C)

Fig. 6 CTOD test results for steel plate developed
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Fig. 7 Results of temperature gradient type of ESSQ test for
crack arrest fracture toughness for steel plate developed

Table 6 Effect of strain aging on Charpy impact properties for
steel plate developed

_'7.' Charpy impact properties™
St;;;:;,?d Absorbed energy (J} 50%
- —60°C_ -80°C  -100°C | FATT (°0)
No 324 305 258 -135
3% +aging ; 310 291 231 —125
10% + aging 298 244 206 -105

T Aging : 250°C < 1h
2 Specimen location and direction : subsurface, transverse
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Fig. 8 CTOD test results for SAW welded joints of steel plate
developed

Table 7 Welding conditions
Welding Wire CGroove shape . Current | Voltage Speed .Heat Preheat Interpass
method * (mm) Electrobe v {mm/min) input temp. tenmp.
o Flux ol kJ/mm) " _ _(°_C)
—Jar
KW30T . -
Multipass (modified) - L 30 410 ! 5.0 min. 250 min. 250
SAW x ( w T 32 ;
KB100 _\ ] !
—q 50 R i |
Table 8 Mechanical properties of welded joints of steel plate developed
777777 Tensile test V—Chargy_i_mpact test o
Weldin Heat input . . . Testi Absorbed ener; }
met]10§ (1{]/111111)1) TS Location of | Thick wise tem;‘:r‘a:‘lire R gy
(MPa) rupture location “C) W FL | HAZ1 HAZ7
Multioass | PO 543 | HAZ | —60°C 214 | 255 ¢ 381 )
LéAl\E}\?SS 546 HAZ 1/4¢ -80°C 1w ) 217 | 284 306
] S0%FAIT (°C) | —85 | —90 | —135 o5
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