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Synopsis :

Arctic use of the YP 36 kgf/mm2 class structural steel plate for high heat input welding
was developed by using Multipurpose Accelerated Cooling System (called "MACS")
which was established in April 1983 at Mizushima Works, Kawasaki Steel Corp. The
characteristics of the steel (32 mm in thickness) are summarized as follows: (1) Fracture
appearance transition temperature at middle thickness in the transverse direction was
lower than —100°C, the COD value( 6 c) at —60°C was higher than 1.0 mm, and the
corresponding temperature to a crack arrest toughness (Kcs) of 600 kgf/mm3/2 was —
60°C. It can be concluded from the above that the material has sufficient properties for
brittle crack initiation and crack arrest. (2) At a high heat input to the one side two
pass/each side one pass welding joint. vE—60 was more than 7 kgf-m at any notch
position and & c at —60°C notched on the fusion line was 0.3 mm or more. (3) The
preheating temperature for crack prevention was confirmed to be below 0°C by the y-

groove, large scale fillet restraint weld cracking test.
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Structural Steel Plates for Arctic Use Produced
by Multipurpose Accerelated Cooling System

Yuli Kusuhara, Eiji Kobayashi, Fumihiro Ohnishi, lkvo Hirai, Keniti Amane, Ryo Tarui
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Synopsis:

Arctic use of the YP 36 kgf/mm? class structural steel plate {for high heat
input welding was developed by using Muliipurpose Accelerated Cooling System
(called “MACS”"} which was established in April 1983 at Mizushima Works,
Kawasaki Steel Corp. The characteristics of the steel (32 mm in thickness) are
summarized as follows:

(1) Fracture appearance transition temperature at middle thickness inthe
transverse direction was lower than —100°C, the COD value (d;) at —60°C was
higher than 1.0mm, and the corresponding temperature to a crack arrest tough-
ness (K,,) of 600 kgf/mm¥? was —60°C.

that the material has sufficient properties for brittle erack initiation and crack

It can be concluded from the above

arrest,

(2) At a high heat input to the one side two passfeach side one pass
welding joint, +E_s was more than 7 kgf-m at any notch position and 6, at
--60°C notched on the fusion line was 0.3 mm or more.

(3) The preheating temperature for crack prevention was confirmed to
be below 0°C by the y-groove, large scale fillet restraint weld cracking test.
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Table 1 Chemical compositions of steels for YP 36 kgf/mm? arctic use produced by MACS and KTR (wt 9%)

Steel ¢ | s ‘ Mn { P ‘ s } Al ‘ Ca | Ni ‘ v ‘ Ti | REM | C,
MACS (ACC) | 0.06 | 0.27 | 1.47 ] 0.008 | ©0.001 ‘ 0.038 — | 0.0 \ — | e.o0 | o.00 \ 0.33
KTR 0.07 0.37 1.52 ‘ 0.003 0.001 ‘ 0.041 0.16 0.55 ‘ 0.04 i ¢.011 0.006 ‘ (.38

Table 2 Tensile test properties of seel plates Table 3 Results of charpy impact test
Direc- | ¥P TS E | RA . Absorbed energy (kgf-m) | CVN50%
Process tion (kgf/mm?) (kgf/mm2) (%) | (%) Process I)tl.rEC- . i FATT
- 1on vE—m‘ vE—ﬂo vE--soi vEHma VEH120| (OC)
L 38 53 27 | — A I :
39 hd 26 — 30.4 | 28,01 27.1]19.9]| 17.7
— L 31.7 | 31.7129.6 | 21.6 | 14.9 —120
MACS T 39 53 26 32.3 | 32.0731L.3} 23.8 1?.8
(ACC) 39 53 25 | — MACS (31.5)|(30.6)1(29.3)|(21.8)|(15.5)
39 51 19 | 77 (ACC) 30.0 | 28.3 | 22.2 | 20.0| 3.1
Z 41 51 20 78 T 32.0 | 27.3|24.2|16.7| 2.6 —111
40 51 20 78 27.3126.3|21.5|14.8| 3.0
(29.8)1(27.3)| (22.6)|(17.2)| (2.9)
L 42 52 29 — -
42 52 29 — 30.0730.4|25.6|17.1 | 16.8
L |31.2/30.4/30.6|17.5 16.4) _ o
T 46 54 27 —_ 31.2 | 31.3 | 25.6 |17.0 | 17.2
KTR 45 54 27 | — IR (30.8)|(30.7) (27.1)/(17.2) (16..8)
43 53 20 82 30.9|26.0)16.3]12.9 8.0
ya 43 53 19 81 T 33.3 126,91 19.5(14.6 7.3 —1372
43 23 19 79 26.8 | 17,91 24,2 11.2 8.6
o (30.3) (2316),(20.0{(12:8)| (8.0)
L- and T-Direction: NKU No. 1 specimen !
Z-Direction: Diameter=10mm, G.L.=50mm () Average
E
#20b @ Cyq & <40 C BOER, @REM-Tif®, @EN b, “S ool ]
DICEELLLABMEES Z EX BT, @&EE N ORmra E 0:20 . ! d
-2 TWh, &% N REIREREOHE, CARDRECLESL s 010 B—E 4
T, o—e | E, N
DL nBEEN e bERATININLC, BEXEOBA LK ;§ 100 5 ]
LHERBAEROBLSELIUCRAEHEESEO—BOWE D I bE E \%
PEREICESEEHE-TWw3, = S0 [
‘é \."\___ \
G O+—2—]
3 Eﬁﬁﬁ a5k L-direction1/2 ¢
—o— | MACS
3.1 BitRiEtd —e——- [ KTR .
= 30F =
_ : .
Table 2 iz L, T, Z & HHO3IRAMSEELT . MACS #2 % ,%’/
Coq DMEWIZ & i bt YP 38~40 kglfmm?, T8 51 ~54 kgf/mm? i 25F /
DIELTRL, 2 2 FHDEO b 7% MES-TiH 7 £ 5 7 4 5 , /
P—HELThHARLDTHD L L2455, > " 75 8
-1
= N o/
3.2 e LE—HBIY i v 21
< e
Table 3 (2 32mm FH 1/4 D o v 0 ¥ —BHERBERL TR, 10H—e——Y
MACS #o —60°C COREENF # LUCEEEAKRORER T 4 ./
W F 226 nh> 32kelom DFVEERL, WEBBEE (vT.) i
b —116°C P th 2, Fi, HEARLETO L -0 E—ERE o b
HOPl% Fig. T ICFT, B AL E—BX0 (To & bICEE Tl —120 100 —80 —60 40
A MEFAEOMEETT, Fig- 1 ofusizkss & LT KTR #o Test temp. (C)
BREBRLTHDE, KTR Mo T, 13 MACS Ln{E{/k- . - . .
] Fig. 1 Transition curves of charpy impact test on the speci-
TWh, Zhiz KTR Bice b= 5 VIS REL TV B & mens taken in the thickness direction from the middle
WLLBLDEELLRS, of a 32 mm thick plate
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Table 4 Results of three point bending test

Process Direction IE?E‘E Crité;z;}n()ZOD
—40 | 2.039, 1.752
L - B0 i 1.630, 1.66‘6
MACS L _ —80 ‘ él .690, 1.667
(ACC) —40 1.509, 1.618
T —b0 1.391, 1.413
—80 1,378, 1.157
--40 2.215, 2.437
L —60 2.058, 2,340
- 80 2.115, 2.225
KTR . .
—40 2.122, 1.355
T —60 2.072, 1.658
| —80 1.467, 1.419
N ! — e _—
T T T T T T
LOp 3
T 0.5k 1
g - -
o - -
<
) B i
Q
1]
% 0lF -
2 F ]
E N b
< 0.05- { =32 mm 7
r notch position; 1/2¢
.01 1 L 1
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Temperature {C)

Fig. 2 Results of three point bending test in through thick-
ness direction
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Fig. 3 Results of ESSO test for crack arrest toughness

Table 5 Results of y-groove restraint cracking test for steel
plates produced by MACS process

Preheating temp. for crack prevention (°C)

Surlace ‘ Sectionul ‘ Root
<0 | <0 } <0
Table 6 Welding method for high heat input welding
Welding | HFE},L‘E)M Groove Design
. 1 pass ‘
One side 120
two pass e t
-
SAW T
2 pass
B.S
Each side B.S. &5
5
one pass _— t
SAW FS 110
F.S.

E, Bk vu— FERORILERE, 0°C RiTtehD. E7,
REAIERE 0°C (st B A B LR X BRI E s LUOERATS
RS T G W E O b O ERT D HIRE RS DT BRI
HERFTRBRZEET L,
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a.1 BiERHE

Table 6 (T SAW EF@E SAW OEEREY AT, Wil
DEEEL AR 100k]jem DAABMIBETIT -7

6.2 BIERFEME

NRU 2A BREM- L DS FRIREARER Y Table 7T iR,
BRI OEERI ST LR TH Y, TO5RmE
1 Co 74 0.332 ¢ 100k]fem ©RABIEHEIH LT 54 kgfimm?
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Table 7 Tensile test results at high heat input welding joint
of steel plates produced hy MACS process

|
Welding | (kgfﬁ‘?mg) ‘ Fracture location
One side { 54.9 BM
two pass i 55.4 BM
Each side ‘7 55. ‘ BM
55. | BM

one pass |

BM: Base metal

Table 8 Resulis of charpy impact test at high heat input
welding joint of steel plates produced by MACS pro-

cess

: Absorbed energy ‘
Xg&ﬁ;ﬁg Notch location at —60°C Vi
(kefm) | O
WM | 11.4 ‘ -71

' -
fﬁ:{lce Bond 14.7 ‘ —81
One side HAZ 2 10.8 | —82

two pass e i
SAW WM | 7.0 | 56
1, Bond ‘ 19.5 ‘ —60
‘ HAZ 2 ‘I 17.5 | —66
| wM \ 18.7 ‘ 85
Sub- Bond | 9.1 | 0
surface | P T
Each side | HAZZ | 24.4 | -7

ONE PASS | e e e .

SAW ‘ WM 20.6 | 87
%f | Bond 17.4 1 _86
| HAzz | 29.0 ‘ —89
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IEHERE (FS) oFmnh 2mm (§9 1/44) R0 L2 b
B AR LC v b € — TR 41T - 72458 % Table 8 (273
T, WEhOEEY, BREMBEBIVUUKR o FRLE —60°C
OIE T AL =132 Tkef-m DL ETHO, $7 Fig. 4 {TmT
F 5 —60°C BN T A A — DA DS MACS iz
it Skef-om DlLEERD+NHi s« v - RS YT T,
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Table 6 (257 L2z HH SAW Ll SAW 12 X 5EEMETHOM
MR T AR T o0 T d2mm £25 COD RER%iT-7, Thb
DEEA Fig. 5 kv Fig. 6 [t hm+, MACS #10 FL,
HAZ 3z iho@gE s & —60°C wsn g, RAE COD i
0.35mm LEDHEYTT,
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H@E SAW LEE SAW L3 EETIC oW IEREIG )Y T H

— 7] -

20
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& 10+ 4
= ~
= N
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E
=
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Fig. 4 Results of charpy impact test at high heat input weld-
ing joint

Lo HAzz/ WM 3
0.5 .
I /j FL KTR
7 macstFL =Z-7 5
E + ]
P
a - -
2 0.1 . ]
o o 3
3 0.05F .
& 3 E
] F 4
One side
two pass

195 100 =80 —60 40 —20 0
Temperature {C)

Fig. 5 Results of three point bending test at one side two pass
SAW high heat input welding joint

SAW TN L, FhERDEER Y K 6dmm OFEEED
A (0.2mm BN, o F) FFESALL R FFBEFIEARY
=1, &587% Table 9 (nFT, AEEOOWZETFLVLEMFIZ
R —60°C TORWEIEHIL S P REAT 3Bkef/mm? kT
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Table 9 Results of wide width center-notched tensile test
under residual stress for brittle fracture initiation

! Fracture;'étress Fracture
P .| Welding [f_mgul_ar P (kgi/mm?) toughness
rocess istortion oot
method (mm) [ (Gross Net K.
| stress | stress | {kgf/mm¥?)
Ei‘;hpflﬁe 3.9 | 39.6 | 44.4 402
2.3 40.8 458 414
Macs | SAW
(ACC) ,
g‘j ;;‘i: 2.1 41.8 | 46.8 424
SAW 4.5 43.8 49,1 445
%iihp?s‘ie 9.2 | 41.5 | 46.6 421
SAW 10.2 40.3 45,2 410
KTR
One ;g‘; 59 | 40.1 | 45.4 422
SAW 5.3 45.9 51.5 466

v, BHEAFOHETHET S,

8 % &

kB S AES L LT MACS -l LB C ®0 32mm
B YP 36 kef/mm? SRHIE O B4 35 L 00 K ABRB BT R ORI
M| L. FOE, MM FARCLICEERT T, i
—60°C DIER T4 B LU EARE 100 k]jem O ARIEHE

T T T T T T
1.0F -
. 0sf b
E I Ei
£ - 4
<3 L o
=
3
= 01 -
2] - ...
2 . 3
S oosk .
Each side
.01 R S
1 1

| 1 L |
—120 —100 —8 -—60 —40 -—20 0

Temperature (C)

Fig. 6 Results of three point bending test at each side one
pass SAW high heat input welding joint
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