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The 355 MPa Yield Strength Grade Heavy Section Plate
for Jacket Structure with Good Welding Heat

Affected Zone Toughness Produced by TMCP
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Synopsis:

MACS (Multipurpose accelerated cooling system) process, con-
trolled rolling and accelerated controlled cooling, were applied to the
production of the 355 MPa vyield strength grade heavy section steel
plates for the huge offshore jacket structure, which has been required
for the development of energy resources.

By using the MACS process, the decrease in the micro-alloy a-
mount of heavy section steel plates was achieved resulting in good
welding crack characteristic and good CTOD values at the welding
heat affected zone. The heavy section steel plates of up to 150 mm
in thickness were thus developed which have homogeneous strength
and toughness along the through-thickness direction by controlling
the finish rolling temperature and accelerated cooling.

Steel plates totelling 60 000 t which were produced by MACS for
offshore structures including 100-mim-thick plate and used for huge
jackets of 484 m in structural height, have been supplied by Kawa-
saki steel with sutisfying required HAZ CTOD values at minus 10°C

in as-welded condition,
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Table 1 Type of offshore structures for oil drilling

Type Sea depth for operation
Mobil type
Submersible < 24m
Jack up < B0m
Ship <450 m
Semisubmersible <500 m
Fixed type
Jacket <500 m
Tension leg 450~1 200 m
Guide tower 240~ 370 m
Artificial island and others —
Sea Jevel
|4
I |
T I,
114 m 7
R
484 m
(1986)

Fig. 1 History of structures’ scale®
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Table 2 Minimum CTOD values required at welded joints for
commercial use (Testing temperature: design tem-

perature)
Minimumn required CTOD, 8, (nun}
Jacket components
As welded PWHT
Special{Criticul jointis 0.20~0.35 0.15~0.25
Primary joints 0.10~0.20 0.10~0.15

Table 3 Special required CTOD values at welded joints

Thiclkness Minimum | . . Number of
£ () Ci%%él Welding conditions test
£<75 0.25 mm | Groove: K-groove . CGHAZ:
- Welding: SAW 3 tests

+ Heat input: 1.5~5kJfinm | . SCHAZ:

£>75 | 0.58mm | peheat: 3 levels 2 tests

Note * (1} 5 additional tests shall be conducted if 1 test is
failed.
{2} Microstructures at welded joints and validity of
the CTOD notch location:
HAZ area >75% T
CGHAZ >15% T
where T is thickness of the tested plate.

Columnar weld metal
; >/ Intercritically
CGLAZ

Unaltered SCHAZ
Unaltered 1CHAZ
Unaltered FGHAZ
Unaltered CGHAZ
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guarantee after PWHT
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thick. thicl.
Determination of Cey Y5z 3‘3\‘:—,1[’:1 Y5 = 311\’?&1
Nb addition (0.03% max) |TS=40L | | TSEA

Fig. 2 Design basics of 75~150 mm heavy section offshore
structural steel
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Fig. 3 A histogram of nitrogen content for steel plales refined
by rimmed tapping
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Fig. 4 Results of oblique Y-groove restraint weld cracking
{JIS Z 3158)
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Fig. 5 Accelerated cooling rate* dependence of strength (* the
values does not mean maximumn capacity of controlled
cooling rate)
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& i Table 4 Chemical compositions of plates tesied
= p (wt. %)
E 40 Thick- T '
o ness C | Si |Mn|[ P S | Cu| Ni| Nb | Al N Ceu | Pem
& (mm} {ppm)
E _l 75 0.08|0.3911.54|0.005(0.002|0.19(0.2¢|0.026 | 0.028 31 0.36)0.18
v eon L Rl "
= 520 100 0.08)0.39|1.54 0,007 [0.003 | 0.20|0.25|0.026)0.028 30 0.36(0.18
150 0.08]0.39(1.54|0.007 | 0.003 | 0.19]0.31(0.019|0.023 27 0.3790.18
500 -
I | — —L ] Table 5 Results of tensile and Charpy impact test and preheat
500 520 e 96 580 temperature for prevention of cold weld cracking at
TS before PWHT (MPa) HAZ (Y restraint cracking test, JIS Z 3158)
Fig. 7 Effect of Nb on TS after PWHT -
Tensile and Charpy impact test {Transverse) Preheat
Thiclk ternp. for
3 prevention
hess As received N PWH—.F,-
_ {(600°C x 1hf25 mm) | o1d weld
3 ﬁf:?_n 75~150 mm *j@ﬁﬁ'ﬁ {mm) cracking
Y5 TS | El |\E_w| ¥YS TS | El [\E_e (°C)
(MPa)|(MPa)|(%)| (J) |(MPa)|[(MPa)|(%)| (])

3.1 i B B
HikmlE R £ 76| 430 | 516 | 36| 265 | 419 | 503 | 37 | 247 R.T.

Table 4 3 18- 75~ 150 i > EFALBAL 75 F o Cl 1086~ 100 | 413 | 524 |35 | 261 | 403 | 509 | 35 | 243 | R.T.
0.37%, Fom WK< 0.18% TH D, FHALLEIA WL 0T e
Bo GHMTSPWHT % #BL, WELRET om0 ] 414 512]39 218 | 302] 50039 1202 | RT.
Cu, Ni e LR N M LT 2, Nb BIis = U AL S
TEREVETHSH, TN Oppm BT Ad L 58ELE

LoThs, Tabled piHahl s UAMER KLt oT, 600°C R U fe et o2 KSATON (AWS 5.5 E7016G) T b Shlkclk
o PWHT Al X i8S 20T 4 YS 355 MPa, TS 490 MPu 43 HARIE S~dccflOOm TH L,
HEMRERL L LA,
' kgl 1 S £y e P 3.2 CTOD $3&
Fo Y RN AROREES TableS iR L Tv-5 25 WE
MIE~150mm DT RO E §, REFR 10~20°C ¢ Lt BEABEA 3.5~4.0 k] mm i R it 5 75~ 150 mn FE B oo B
BE R, BOoE ¥ oL —EER & CTOD 35 45 4 % Table 6 1=
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Table 6 Results of Charpy impact and CTOD tests at welded
joints {As welded condition)
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o
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0.2 B Thickness: 100 mm
w
s
CG 060G [CGTCGT TG [CG |66 [CG [CC = 3001
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PWHT|No|Yes|No|Yes| No|Yes| No|Yes| No[Yes| E _g 200 - # t t
-
Heat input (k]/mm)| 15 30 5.0 31to4d E T
e S oo
Temper before welding No (as MACS) Nﬁ}\(a%, Yes L= 100
Thickness (mum) 75~100 75, 100 1 1 L L i
- As 500 550 600 650
Fig. 9 CTOD values at welded joints for MACS and MACS- MAC§WHT emperature (C)
temper plate (CG, coarse grain; SC, Sub Critical; emperature
PWHT, 565 to 575°C x 1~2 k/25 mm; CTOD values, Fig. 11 Effect of PWHT temperature on strength and tough-
the values obtained from “valid”™” specimens) ness
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Fig. 13 Critical CTOD values of heavy section base plate
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Fig. 14 Crack arrest touglness of heavy section base plate
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Fig. 15 Example of quality characteristics of 75 to 10¢ mm in
thickness steel plates produced by MACS (C,,=0.36
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