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Y S500N/mm? High Strength Steel for Offshore Structures
with Good CTOD Propertiesat Welded Joints
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Abstract

Nippon Steel has developed the Y SS00N/mm? high strength offshore structural steel with good CTOD
properties prior totheworld. Asraising strength led to raising Ceq and P_ , it was difficult to reconcile
high strength, Y S500N/mm?, and CTOD propertiesat welded jointsin conventional steel. We managed
to raise the strength and toughness with suppressing the raising of Ceg and P_ by means of setting up
the proper plate manufacturing conditions (TM CP conditions) and controlled them strictly. M oreover,
the newly developed technology (HTUFF®) was applied for improving the HAZ toughnessin addition to
the conventional measuresin reducing MA, suppressing LBZ and utilizing | GF. By these measures, it
came to compatible high strength (Y SS500N/mm?) and good properties at welded joints (CTOD at —
10°C). HTUFF high strength offshore structural steels have already been mass-produced to over 50,000
tons.
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. . 0 Chemical compositions and mechanical requirements of YS500N/mm? offshore structural steel
Chemical composition
(mass%) (mass%) (ppm) (mass%o)
C | Si|Mn| P S Cu | Ni | Cr |[Mo| Nb | V Ti | Al N B Ca | Py,
Min. | O O 0 O 0 0 |050| O O 0 O O 0 O O O O
Max. | 0.14 | 0.55 | 1.75 |0.020/0.007| 0.60 | 1.00 | 0.25 | 0.25 |0.040|0.080|0.025|0.055| 100 | 5 50 | 0.22
P.n=C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V//10+5B
Mechanical properties of base metal
1. Tensile test
Thickness (mm) | Yield strength (N/mm?) Tensile strength (N/mm?) Elongation (%) | YS/TS ratio (O/T)
t0 16 500/580 600/700 017 093
t0 16 090
2. Charpy V-notch impact test
Thickness (mm) | Test temperature (CJ ) Location of specimen Energi] JO
t0 40 40 Sub-surface 0 42/60
t0 40 40 Sub-surface and mid-thickness |  (min./ave.)
3. Through thickness tensile test
Thickness (mm) | Tensile strength (N/mm2) Reduction of area (%)
All thickness ] 480 [0 25/35 (min./ave.)
Fracture toughness of welded joints
Charpy test CTOD
Test temperature | Location of specimen | Notch location Energy | Test temperature Notch location 1
0400 Cap Weld metal | Min. 0 42J 0100 Weld metal (WM) 0 0.25mm
Mid-thickness Fusion line (FL)| Ave. 0 60J Grain coarsend HAZ (GCHAZ)
Root FL+2mm(HAZ) Subcritical / intercritical HAZ boundary
FL+5mm(HAZ) (SC/IC HAZ)
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Typical chemical compositions of YS500N/mm? offshore structural steel

(mass%) (mass%)
C Si | Mn P S Al Othres Pem
Y S500N/mm? developed steel | 0.09 | 0.15 | 1.60 | 0.005|0.002 |0.003| Cu, Ni, Nb, Ti, Mg | 0.21
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Measures of improving HAZ toughness

Measures Purpose
Ti-killed and fix the nitrogen | Improving matrix toughness and nucleation IGF
Low Silicon Decreasing LBZ1 MA)

Low Aluminum

Enhancing nucleation IGF and decreasing LBZ1 MA)

Control the Ti-N balance

Suppressing TiC enbrittlement

Low impurity elements

Improving matrix toughness and decreasing LBZ

Add the magnesium

Refining HAZ microstructure (utilizing HTUFF technology)

Low P,

Improving matrix and HAZ toughness

32000000000

OCGraneD 000000000 COOOKVITEBIORNOODOOOOO
oobooooooooooooooooyommdOOO0OCTODO
OYSsooONmm2O0 000 0000000070000 00000000
goooboooooboooooooooboooboooooobooo
O0YS:80N/mm0 O TS:100N/mm 0 00 0000000004000
goooooooooooooobobz2000000000nnaasod
ggooooooooooooooooooooooo7ommgO
ooooooooooooTMecPOOOOOODOOOOOOOOO
gooovommOOOooo0OO0OoooOOoOooooOooooooon
goo-oooooooooboooooooboooooooboo
oo

16=t<25mm

330000

33 10HTUFFO OOOOOODOOO
OHTUFFOOOUOOooooooooooboooooooboooooDo
goooooooooobooooooboooooooooooooon
goooooobooooobooobob4oo0beo0oooooOO
ooooooooooboooocoboobody ooooooooooo
OooooooooodTUFFO ODOOOOOObODOODODODDDD
Oy oooooooooooooooooby OoO0O200p0 00O
gooooooooooooboooooboooooboooooboooo

3320000000000
goooood7ommdO0O0OOO0OO O Heat Inputd HICD.7kJ/
mmO35kiimmO000000000000000C00O0O0O0O0OO

165t <70mm

Q
S

@
S

@
[=1

'S
=]

Frequency
Frequency

o
(=]

255=40mm

Frequency

160

N=315
ave=712

ey
S

)
=]

Frequency

IS
=]

vE_pc.ave subsurface(J)

S

N=373

Frequency

40<t=70mm

@
b=

80

©
t=1

o
=]

>
=]
@
=1

N=95
ave=641
o=134

@
=]

Frequency
»

S
Frequency
»

S

n
=]

Frequency
-~
S

n
=]

@
=1

Frequency
P
o

~
L3

| TS(N/mm?)

VE_¢pec.ave subsurface (J)

gooooooooDo

Mechanical properties of base metal

00000000000 38000020040

0140



0000000 D0CTODO U000 0500N/mm2d

Quarter-
thickness

Mid-
thickness

ooooor7ommOOOOOOO
Microstructures of YS500N/mm? steel plate of 70mm thickness
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Welding method SAW / multipass welding FCAW / multipass welding

Groove profile 30° 30°
(Unit:mm)
70 thm 70 mm
<> <>
10 mm 15mm
Welding wire Y-204B"' (4.8mm ¢) SF-45L.mod. ™' (1.2mm ¢)
Flux NB-250H ! -
Shielding gas - 80%Ar-20%CQO,
Current (A) 600 230
Voltage (V) 29 26
Speed (mm/s) 5.0 5.8
Heat input 3.5 0.7
(kJ/mm)

*] Nippon Steel & Sumikin Welding Co.,Ltd.
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Welding condition
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Hardness distribution across the welded joints

SAW (HI=3.5kJ/mm) FCAW (HI1=0.7%J/mm)
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CTOD test results of welded joints

Notch location
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{SAW (H1=35kJ/mm) | Tested at ~40°C
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Charpy impact test results of welded joints
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CTS weldability test results
Preheat Hardness
temperature Hv load : 5kgf Crack evaluation
(@) Min. | Max. | Ave.
25 278 | 328 | 307 No cracking
50 277 | 329 | 304 No cracking
75 283 | 320 | 304 No cracking
SMAW, 1.0kJ/mm
000yooOooooooo
y-groove weldability test results
Preheat temperature ()  Surface cracking ratio (%) | Section cracking ratio (%) | Root cracking ratio (%)
123 |4 |5 |Average| 1|2 |3 |4 |5 |Average| 1|2 |3 | 4|5 Average
25 0|0j0|0]|0 0 0|0j0|0|0 0 0j0j0|0]o0 0
50 0|jojo0j0|0 0 0|ojo|0|0 0 0jojo0yj0fo0 0
75 0|0j0|0]|0 0 0|0j0|0|0 0 0j0j0|0]o0 0
100 0|jojo0j0|0 0 0|ojo|0|0 0 0jojo0yjo0fo0 0
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Supply records of HTUFF offshore structural steels
Toughness of
Production period Project Name Area Y'S class(N/mm?) welded joint Quantities(ton)
Charpy| CTOD
2000-2001 Bayu Undan Timor Sea 460 —400 -100 20.4
2000-2001 Grane North Sea 500 —400 100 4.0
2001 Kvitebjorn North Sea 500 —400 -100 3.0
2001- ACG Caspian Sea 460 —400 -100 175
2002-2003 Thunder Horse Gulf of Mexico 500 —400 |Not required 0.6
2002-2003 Western Libya Mediterranean Sea 460 —400 -100J 5.2
Total 50.7
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