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Steel Plates with Excellent HAZ Toughness for Offshore Structure
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Abstract:

JFE Steel has developed high strength steel plates for offshore structures, which meet the low temperature

specification. The range of products has expanded corresponding to the rising demand for the steel used for the

offshore structure arising form robust oil resource development in recent years. Excellent properties of the plates

and their welded joints are obtained by micro-alloying technology, and latest controlled rolling and accelerated

cooling technology using Super-OLAC® (On-Line Accelerated Cooling). High strength steel plates which are designed

for excellent weldability thorough the low weld cracking parameter Pcy value have been developed by Super-OLAC®

for up to 550 MPa class in yield stress, up to 101.6 mm in thickness with 420 MPa class in yield strees, and satisfying

—40°C of crack tip opening displacement (CTOD) temperature specificetion for offshore structure. They have

achieved already a lot of actual application results.
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Table 1 Available strength and thickness of steel plates for
offshore structures

YP Class Charpy Temp. | CTOD Test Thickness
(MPa) (°C) Temp. (°C) (mm)
355 —40 -10 up to 101.6
—40 -10 up to 101.6
420
—60 —40 up to 75
500 —40 — up to 108
550 —40 — up to 108
620 —40 — up to 108
690 —40 — up to 108

YP: Yield point CTOD: Crack tip opening displacement
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Refining HAZ

oo . —P| Ca-Ti or REM-Ti treatment
- Pinning of grain growth

Lowering carbon-
equivalent and p, value

CR and ACC by
Super-OLAC*

- Control of HAZ microstructure

Control of centerline segregation

Addition of Ni
- Improving the toughness
'—"| Control of Ti/N |

MA: Martensite-austenite constituent REM: Rare earth elements
CR: Controlled rolling  ACC: Accelerated cooling
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Fig.1 Concept of improving heat-affected zone (HAZ)
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Fig.2 Effect of Ti/N ratio on heat-affected zone (HAZ)
toughness in simulated HAZ
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Table 2 Target properties of the steel plates and welded joints

Mother plate Welded joint
Thickness
Steel Ys TS Chapy Welding | Heat input Chapy CTOD value
(mm) (MPa) (MPa) absorbed method (kJ/mm) absorbed (mm)
energy (J) energy (J)
A 101.6 345483 >448 VE_4pec>41 SAW 1.5-4.5 VE 441 >0.38 at —10°C
GMAW 0.8 5
B 101.6 414-586 >517 VE 40oc>48 SAW 3045 VE 40oc>48 >0.30 at —10°C
C 75 414-586 >517 E_600c>48 SAW 5.0 E600c>48 >0.30 at —40°C
D 50 >500 610-770 VE s0:c>33 SAW 35 VE 5037 —

YS: Yield strength  TS: Tensile strength

JFE ) No. 29 (2012 452 H)

JE: Absorbed energy CTOD: Crack tip opening displacement
SAW: Submerged arc welding GMAW: Gas metal arc welding
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TMCP: Thermo-mechanical control process
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Fig.3 Effect of Ni content on strength of steel plates and
crack tip opening (CTOD) property of welded joint
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Photo 1 Microstructure of steel plates
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Table 3 Chemical composition of steel plates

(mass%)
Steel Thickness C Si Mn P S Al others Ceq Pey
A 101.6 mm 0.07 0.13 1.49 0.005 0.001 0.029 Cu, Ni, Nb, Ti, etc. 0.35 0.16
B 101.6 mm 0.08 0.14 1.57 0.005 0.001 0.032 Cu, Ni Nb, Tij, etc. 0.42 0.19
C 75 mm 0.07 0.10 1.55 0.005 0.001 0.028 Cu, Ni, Nb, Ti, etc. 0.42 0.18
D 50 mm 0.07 0.20 1.32 0.007 0.001 0.040 | Cu,Ni, Cr, Mo, V, etc. | 0.42 0.19

Co=C+Mn/6+(Cr+Mo+V)/5+(Cu+Ni)/15

Pcy=C+S1/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B

JFE £ No. 29 (2012 42 H)
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Table 4 Mechanical properties of steel plates

Tensile test Charpy impact test
Steel | Thickness | PWHT | Position | Direction YS TS El Absorbed energy, average (J) I¢0)
(MPa) | (MPa) (%) | —40°c | -s0°Cc | —60°C | "’
/4t L 432 527 32" — — — —
T 438 542 31" 441 — 440 -85
A 101.6 mm — B
121 L 377 502 32" — — — —
T 382 506 327 405 — 211 —-80
/4t L 436 532 337! 434 — 427 =90
580°C T 452 544 33" 436 — 440 -100
B 101.6 mm o
x4 h 121 L 422 524 29 336 — 240 =70
T 426 539 32" 157 — 172 -65
L 446 529 357 — — — —
1/4t *1
T 451 541 34 — — 400 —-135
C 75 mm — o
121 L 425 520 34 — — — —
T 432 522 33" — — 193 -95
/4t L 569 659 29" 2917 278 — —71
T 567 660 28" 2477 238 — —67
D 50 mm — * *
121 L 564 658 307 239 234 — —69
T 574 664 28" 228" 213 — —62
“ISpecimen:p12.5 mm, Gage length=50 mm *2Specimen:p14 mm, Gage length=50 mm “Testing temperature: —35°C
PWHT: Post weld heat treatment YS: Yield strength TS: Tensile strength El: Elongation
T Transformation temperature on toughness L: Longitudinal T: Transverse
TYF¥aF—7=274 MU FA FEKHETH Y, BT BRI R ED R 5T 5,
Steel A, C LIZIFFABEDIHFEDF STV %, Steel D 1354
Uk 7" /\‘ B f\ (\ ‘7b§/\E1 T\/) (e} 1 Ll (L =P
Ais A 74 PRAIHIR TG 5 e g %5 S0 CTOD (FRLHIIOLL) HRER

B 5 [BEGABRFE R B & Uy v v & — B EEERE H 2 R
412R7F, WTNOHRICBLTHRED 1/2E% F0 T
K LIRLEE, WHEOHBHEEZHEL T\»b, RE
101.6 mm O Steel B (&2 \»> T3, PWHT (post weld heat
treatment) 2BV TH HEZHE T 2 8E, WHELSES
nTws,
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Table 5 Crack tip opening displacement (CTOD) test results

of steel plates

Steel | Thickness | PWHT | Position Testotemp | CTOD value

(°C) (mm)
A 101.6 mm — T =10 >2.86, >2.43
o L =10 2.51, >2.56

B 101.6 mm 380°C

%4 h T -10 | >2.58, >2.65
>2.72, >2.62,

C 75 mm — L 40 155

Specimen: BxB (B: Thickness)

L: Longitudinal

K6 UITHESNY vILE—EEIFH

PWHT: Post weld heat treatment

T: Transverse

Table 6 Strain aged Charpy impact properties of steel plates
Charpy absorbed energy, average (J

Steel Thickness Position Direction Strain Py & ge ) ‘[,TS
—40°C -50°C -60°C O

0% 426 — 273 —88

A 101.6 mm Surface T 59, 254 . 18 —47
0% 397 — 339 <-100

B 101.6 mm Surface T 5% 137 — 111 =70

8% 83 — 44 =50

0% — — 324 -135

C 75 mm Surface T 5% — — 310 -125
10% — — 298 —-105

0% 291" 278 — -71

D 50 mm 1/4¢ L 59, 241" 194 . —64

Aging: 250°Cx1h  "Testing temperature: —35°C
I Transformation temperature on toughness

JFE £ No. 29 (2012 4E 2 H)

L: Longitudinal

T: Transverse
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Table 7 Welding condition

Steel Thickness Welding method Consumable Groove shape Heat input (kJ/mm)
e
o 1.5
A 101.6 mm SAW KW-30T/ KB100 ~101.6 mm 5 3.0
60° e 4.5
GMAW DWA-55LSR™! ST 0.8
B 101.6 mm SAW Us_36J*1 =101.6 mm 5 3.0
/ PFH-55LT"! PR 45
T
KW30T (modified) “
modifie
C 75 mm SAW /KB100 75 mm s 5.0
25
50°
US-56B
D 50 mm SAW / PFH-80AK"!

“ISupplied by Kobe Steel, Ltd.
SAW: Submerged arc welding GMAW: Gas metal arc welding

34567 8!§NA-E%2 34567

(a) GMAW, Heat input = 0.8 kJ/mm (b) SAW, Heat input = 3.0 kJ/mm (c) SAW, Heat input =4.5 kJ/mm

SAW: Submerged arc welding ~ GMAW: Gas metal arc welding
BE2 Steel BOBEUF OV OHER
Photo 2 Macrostructure of Steel B welded joint

— 45— JFE # No. 29 (2012 4 2 F1)
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Table 8 Mechanical properties of welded joints

Tensile test Charpy impact test
. Heat
Steel | Thickness Welding input Tensile Location N Absorbed energy, average (J)
method (kJ/mm) strenght of rupture Position |Test temp. FL FL
(MPa) WM FL +lmm | +2 mm SCHAZ
—40°C 291 462 — — 306
13 72| WM A goe | 250 | 434 | — — 139
—40°C 197 397 — — 351
A 101.6 mm| SAW 3.0 579 WM 1/4t ~60°C 172 187 o . 278
—40°C 249 416 — — 399
4.5 549 WM 1/4t —60°C 162 416 . o 361
593 HAZ —40°C 156 478 — 278 274
GMAW | 0.8 591 HAzZ | Y| —eoec | 133 | as0 . 257 | 249
595 HAZ —40°C 238 397 — 434 306
B |101.6mm 30 594 HAZ VA goec | 193 322 — 325 269
SAW
45 596 HAZ 1/t —40°C 252 451 — 428 399
' 595 HAZ —60°C 248 440 — 406 346
543 HAZ —60°C 214 255 381 — —
C | 5mm | SAW >0 546 HAZ VAL goec | 194 217 284 — —
682 HAZ —35°C 194 230 245 — —
E | S0mm | SAW 38 684 HAZ VAt Sec | 147 156 151 — —
WM: Weld metal FL: Fusion line SCHAZ: Sub-critically HAZ HAZ: Heat-affected zone
SAW: Submerged arc welding GMAW: Gas metal arc welding
& |8 4% i lgioiol i |misA
-0 o o 181 ioiolel IR
383 PO 3838 0:0:0 S O 8
T S L i O 0| 9oy L 918 L A
E b iTio| g o o o ]
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s} o | | 3 ]
O " " "
= ' ' -
O
0.1 — — R, o R, — -
TCG | SC "CG | SC "CG . SC TCG . SC "CG . SC "CG | SC TCG | SC
Notch positon| "M HAZ! HAZ| "M 'HAZ HAZ| "M 1HAZ ' HAZ | "M HAZ HAZ| "M HAZ HAZ| WM HAZ HAZ| WM HAZ HAZ
Heat input 1.5 kJ/mm 3.0 kJ/mm 4.5 kJ/mm 0.8 kJ/mm 3.0 kJ/mm 4.5 kJ/mm 5.0 kJ/mm
Test temp. —-10°C —10°C —40°C
Steel A B C
Specimen: BxB (B: Thickness)
WM: Weld metal CGHAZ: Coarse grain HAZ SCHAZ: Sub-critically HAZ HAZ: Heat-affected zone
4 REMFERD CTOD (FRSEmMAOEM) HERER
Fig. 4 Crack tip opening displacement (CTOD) test results of welded joint
2 (1997) B LT API RP 2% I35 5, /v FA1E 2 WM BRI R, BB Ino 0B O SRS E
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0.42 mm L. F, Steel B % 0.67 mm LA I, Steel C %5 2.22 mm
Dby, inb BEXZHEL TEH, Toic@muifitEmg
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