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Offshore Structural Steel Plates for Extreme Low Temperature Service
with Excellent HAZ Toughness
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Abstract:

Higher strength and toughness are required for offshore steel plates used for natural gas and petroleum resources
development, as installation areas of structures move into arctic areas. The main property of offshore structure steel
is the crack tip opening displacement (CTOD) property of weld joint, and the demand for satisfying —40°C of CTOD
test temperature specification has increased. For the improvement of heat affected zone (HAZ) toughness, coarse
austenite grain is suppressed by the pinning effect of TiN and oxysulfides, and low-C, -carbon equivalent (Ceq), -Si, -P,
-Nb are adopted to decrease the martensite-austenite (M-A) constituents. Furthermore, by Ca inclusion which has the

pinning effect of grain coarsening and ability to nucleate ferrite grain, finer bainite HAZ microstructure and excellent

HAZ toughness ara achieved, and yield point (YP) 420 MPa class high strength steel was developed.
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Table 1 Target properties for the developed steel

Steel plate Weld joint
Tensile properties*1 Charpy. P act Heat input Charpy. impact CTOD properties
properties Welding properties
method
Grade | Thickness (mm) | YS (MPa) | TS (MPa) VE-60 () (kJ/mm) VE-60 (J) ?{33% Val(‘;ﬁ Hal;
FCAW 0.7
- - = = =
YP420 76.2 420-540 517-640 =48 SAW 50 =48 =0.30

*IT. P: T-Direction

YS: Yield strength, TS: Tensile strength, vE: Absorbed energy, CTOD: Crack-tip opening displacement

FCAW: Flux-cored wire arc welding, SAW: Submerged arc welding
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<CGHAZ>

Grair.1 ‘Silze o + Fine dispersion of TiN and
+ Utilizing pinning effect by oxysulfides (Ca, etc.)

insoluble fine precipitate
Microstructure -
+ Lowering C, P, Nb

* Reduction of M-A constituent
* Nucleation of fine bainite

+ Lowering Ceq, Pcy

Matrix - Addition of Ni
+ Reduction of impurity —. Decreasing free N

<ICCGHAZ>

+ Decreasing the M-A
constituent

+ Decomposing the M-A to
ferrite and cementite

4—| + Lowering C, Si, P, Nb
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Fig.1 Concept of improving heat affected zone (HAZ) toughness
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(a) Surface relief observed by laser
microscope
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Fig. 2 Observation of transformation behavior

(b) Bainite nucleation site
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Fig. 3 Effect of Carbon and Si contents on ICCGHAZ toughness
in simulated heat affected zone (HAZ)
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Fig. 4 Manufacturing process
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Table 2 Chemical compositions of developed steel plate

Thickness | S Mn P S Al Others Ceq®' | Peu®

(mm)
Developed 76.2 006 010 155 0005 0001 0029 | Cu Ni,Nb,TiCactc | 043 0.18
Conventional 101.6 008 014 157 0005 0001 0032 | Cu, NiNb,Tietc 0.42 0.19

"'Ceq=C+Mn/6 + (Cr + Mo + V)/5 + (Cu + Ni)/15, **Pey = C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B
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Table 3 Mechanical properties of developed steel plate

Thickness PWHT Position Direction Tensile test Charpy impact test

YS (MPa) TS (MPa) EL (%) vE —60°C (Ave.) vTrs (°C)

76.2 — 1/4t L 465 552 29 342 =99

T 467 543 30 366 =97

1/2t L 445 548 25 316 —69

T 437 535 27 167 —68

580°CX4h 1/4t L 463 542 30 324 —88

T 452 532 30 316 =92

1/2t L 438 539 28 311 - 69

T 420 521 30 221 =90

YS: Yield strength, TS: Tensile strength

El: Elongation, vE: Absorbed energy, vTrs: Ductile brittle transition temperature
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Photo 1 Optical micrographs of developed steel
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Table 4 Strain aged Charpy impact properties of developed

steel plate
) Charpy impact test
. .. . . strain
Thickness | Position | Direction o vE—60°C .
(%) vTrs (°C)
(Ave.)

76.2 Surface L 5 283 —102

8 271 - 86

T 5 305 —-98

8 267 —94

vE: Absorbed energy, vTrs: Ductile brittle transition temperature

£5 BIRHID NRLIREFME
Table 5 Drop-weight test results of developed steel plate

Thickness | Test piece . N Tnpr
PWHT Location | Direction o
(mm) | type (°C)
76.2 P-3 — Surface T <—80
580°CX4h <—80

Tnpr: Nil-ductility transition temperature

34 NRLZREFH4E

BHFEHIC OV C, ASTM E208 (ASTM Standards) (Z#EHL
L, NRL&EHABR 172 o 72, sdBRAEIRIE P3 24 T L,
it 2 5 T (Transverse) JFTANZEASRAT ZEREX L, Twpr
(Nil-ductility transition temperature) iR %K 7z, EET
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JEI3—80CLLTTH Y, ENIELRT,
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B 5 ICHERERT, alBRiEE—40°CT, PWHT (A#EILEN
WD) HHEOWITNOEMEICEVWTLBIFREPE LN T
WV,
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Specimens : 7% T Size (76.2 X76.2)
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Fig.5 Crack tip opening displacement (CTOD) test results of
developed steel plate
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EE2

2348

(b) 5.0 kJ/mm SAW
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Photo 2 Macrostructures of weld joint
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Table 6 Welding conditions
Thickness (mm) | Welding method Groove shape Preheat temperature | - Interpass Heat input (kJ/mm)
& P (°C)| temperature (‘C) P
40°
50
t =
GMAW 762 mm |——=> 125-135 110-130 0.7
24.2
60°
76.2
40°
50
t =
SAW 762mm  |——t—5 125-135 130-200 5.0
21.2
60°
GMAW: Gas metal arc welding, SAW: Submerged arc welding
K7 BEMFOEAEIEFE
Table 7 Mechanical properties of weld joint
Tensile test Charpy impact test
Thickness | Welding | Heat input
PWHT Absorbed energy, average (J
(mm) | method | (kJ/mm) TS(MPa) | Position | TeSttemp: gy, average (1)
O wm FL | FL+2mm | FL+5mm
606 Sub-surface 150 202 253 269
GMAW 0.7 —
607 Root 128 199 159 113
571 Sub-surface 142 144 302 331
76.2 — - 60
574 Root 157 255 357 252
SAW 5.0
552 Sub-surface 159 202 317 261
580°C X4 h
552 Root 218 226 299 304

GMAW: Gas metal arc welding, SAW: Submerged arc welding, PWHT: Post weld heat treatment
TS: Tensile strength, WM: Weld metal, FL: Fusion line

JFE $#R No. 33 (2014 4 2 H)
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SCHAZ i CGHAZ i SCHAZ

Heat input | 0.7 kJ/mm (As weld)i5.0 kJ/mm (As weld): 5.0 kJ/mm (PWHT)
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-40C
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Fig. 6 Crack tip opening displacement (CTOD) test results of weld joint
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