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Production of Heavy Thickness Steel Plates for Arctic Use Suitable for High-Heat Input
Welding
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Synopsis :

For application to the energy resources development in the Arctic region, the YP 36
kgf/mm2 class structural steel plates (maximum 70 mm in thickness), which have high
toughness for high heat input welding, have been developed and manufactured using the
multipurpose accelerated cooling system (MACS). This steel contains a small amount of
Nb for the purpose of reducing C and Mn contents. Its carbon equivalent is reduced by
utilizing MACS and its mechanical properties have satisfied the EH36 steel grade. For
the each-side one-pass welding joint with a heat input of 130 kd/cm, vE-60 is more than
10 kgf-m at any notch position. The preheating temperature for crack prevention has

been confirmed to be below 0°C by the Y-groove resistant test.
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Synopsis:

For application to the energy resources development in the Arctic
region, the YP 36 kgf/mm? class structural steel plates {maximum
70 mm in thickness), which have high toughness for high heat input
welding, have been developed and manufactured using the multi-
purpose accelerated cooling system (MACS). This steel contains
a small amount of Nb for the purpose of reducing C and Mn con-
tents, [ts carbon equivalent is reduced by utilizing MACS and its
mechanical properties have satisfied the EH36 steel grade. For the
each-side one-pass welding joint with a heat input of 130 kJ/em,
vE_g is more than 10 kgf-m at any notch position. The preheating
temperature for crack prevention has been confirmed to be below

0°C by the Y-groove restraint test.
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Fig. 6 Effect of N content in steel plate on HAZ toughness

Table 1 Metallurgical aetion [or improving HAZ toughness of
high heat input welding

Improvement of HAZ toughness
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em Metallurgy Action
Grain Utilizing pinning effect
Size by insoluble fine
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Decreasing M-A  —
constituent in upper

Microstructure o
bainitic structure

Fine ferrite-pearlite
structure

Matrix Decreasing free N

and sol. T1

=! REM-Ti treatment“

Lowering Cry
- (MACS process)
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Lowering Cand N
and controlling of
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ties for Si-Mn steel plates
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Table 2 Aimed composition of steel for ¥ 36 kgf/mm? pro-
duced by MACS
e f %)

Others* ‘C'M** Dt

C 5 Mn P 5 Al Nb N

e |
N -
0.08 .30 1.40 <018 <0003 0.025 0.015 =35 ppm :\EM Li | 0.6 0.1
reatment |

"% For plate thickness aver 40 mu, Cu andfor Ni should be added. T
o Gymp M GubNG | CribosV

kb P = C 455304 Moy20 + Cuf20 4 Ni60 4+ Crf20-+ Mo 154+ V/10 £ 38

Table 3 Chemical composition of steel for ¥P 36 kgf/uun? of

40 mm thick plate

N Others ‘

Grada ‘ C S Man T S Al Nhb

REM-Ti |

EH 36 ’0‘08 0.26 1.34 .08 0002 D024 0.017 23ppm treutment}o'w 0.156

Table 3 1R, SEIL, K ABEENC S\ T RBEH U AV
L CRE L b o0 il — B T AW e 40mm TH %

3.2 B

3.2.1 B

Table 4 (ZfFH O ERRE X O 2mmV 7, F o 5 b —fif R
BEREE B AT B EERL VP 36 kef/mm? ) F, TS 50kgi/mm?
Plbw e R LT w5, EFH AL —60°C 1wk T
3.5kgfbm FHAEHBLEL OG5, WEPLH THTHIZ LARE
TFTHEs bhaa, 50% FATT iz —75°C LFoRFoftEs
Ft. Photo 1 ic BBAD KETHG FEETr, BAlLH Y
FATTFAb, A=F A PRLIESLF 1 P ORGABERLT
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Table 4 Resulis of tensile test and Charpy impact test

CVN

Tensile properties Absorbed ?
. Locu- | Direc- 5 S energy | 50%
Steel Ction tion | (b0 | qap) | EL | vEw |FATI
o, cof o
o e | ey | 00 [ efm) | CG
| 28.0
4.2 55.5 23 '
A U SLT 4 g
45.0 6.4 23 320
(30.6)
Uz[ { .. R S -
| 20.8
c 44,9 5—).’{ 24 29 .8 _8
444 53.6 23 25.6
EH 36 i {25.4)
=40 i e R— co - -
mim 28.0
L 44.5 55.9 24 305 —83
3.0 | 557 | 25 202
(29.9)
W2t — | —— - - -
16.3
45.1 hi.1 23
c 2 )? 18.1 75
45.0 56.3 23 18.5
{17.7}
AimedJ} yie| © | =36 | 250 | =20 | =35 0 —
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Table 5 Results of Y-groove restraint cracking test for steel
plates

Preheating temp. for crack prevention (°C)

Surface l Sectional Root

<0 | <0 <0
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Fig. 11 Results of ESSO test for crack arrest toughness
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Table 68 Welding conditions of each side one pass welding

‘::;ell:_':; 'l{ Tass No. C%K‘;m vr;Altr;:;;t Ipr::;_l 11:;\]11
(V) |(mm/min} | (kJfem)
Backing L 1300 32* 55 0.4
KB1O | ¢ || 1100 | 45 '
KW 50 C — e
M) Finishing L 1300 2 . N (mm)
side 1707 poon 45 “ 17

Table 7 Tensile strength of each side cne pass welded joint

Specimen TS (kgf/mm?) Fracture location
No. 1 56.1 Base metal
No. 2 56.5 Base metal

Table 8 Results of Charpy impact test at high heat input
welding joint of steel plates

Absorbed energy {(kgf-m) | 50%
Notch location FATT

VE—QD VE*BU VE*ED (BC)

WM 19.1 17.1 8.6 —75

Finishing Bond 18.3 | 11.8 | 6.7 | —63

side

HAZ 2 17.6 14.4 8.5 —66

WM 22.4 20.2 12.7 —82

Backing Bond 223 | 17.2 | 6.7 | —71
side _

HAZ 2 21.9 20.3 14.8 — 86

VF, B Fab 2mm o@EBEHoFhoB L —60°Co
g&;{;{;:ﬁzw#‘wﬁi?i@’c Wkef-m Ll CH 0 t+oicEBSEEL R
?Q

4 IRBEHRR

3 EOHEFREIL, B L OERTEN & SERBEY TR
Edaotaimiaht. cheoniFi s TREEYERL
oo
(1) BERHERE

Table 9 kg @Rl 2 h o AMHERMEE- KL R T,

Table 9 Requirements for mechanical properties of steel

EH 36 produced

Steel grade by MACS process

Tensil . YP>36 kgf/mm?®
ensile properties TS5 50 ke ljmem®
Impact properties —50°C

Impact properties of high-heat-input-
welded joints (SAW I, SAW II, SAW
III, and CO; welding®)

vE 5 23.5kgf-m

* Maximum heat input level for plates: SAW I (each side one
pass welding of less than 43 mm¢ plates), 130 Jjem; SAW 11
(each side multi pass welding of from 43 mm to 70 mm¢ plates),
100 Jfem; SAW III (one side one pass welding of less than
25 mm¢ plates), 130 Jjem; CO; welding of jess than 20 mm¢
plates, 50 Jfem,
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Table 10 Results of Charpy impact test at high heat input
welding Joint of steel plates at commercial production
level

Plale . ) Absorbed energy
thickness Hﬁa}/:;?;t Naotch location {kgf.m)
{mm) * vE g
WM 17.7
127.5 Bond 15.3
40 ((l;‘l‘ll;lllj?ilt HAZ I mm 17.1
welding) HAZ 3mm 13.7
HAZ 5mm 27.2
WM 15.9
104 Bond 14.3
- (Each side
70 PR HAZ 1mm 17.8
multi pass
welding) HAZ 3mm 14.0
HAZ 5mm 28.2

Table 11

Production records of steel plates for offshore struc-
ture

Case 1 Case 2

1y1}e of structure

Operation field

Maximum thickness

Production period

Calsson

North sea

70 mm

Sep. 1986-Dec. 1985

Semi-submersible rig
Noarth sea

50 mim

Aug.-Nov. 19856

Qiantity of

MACS plates
Others {as-rolled)

plates
12000 ©
1000t
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