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High Strength Steel Plates

Applying Thermo-Mechanical Control Process (TMCP)
with Excellent Toughness for Tanks and Pen-Stocks
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Table 1 Thermo-mechanical control process (TMCP) standard with respect to ordinal standard

Conventional standard Recommended standard
TS Grade Standard
Grade Heat treatment Grade Heat treatment

ASME SA-537-1 N SA-841A-1 TMCP
450-500 P355N, NL1, NL2 N or NR P355M, ML1, ML2 TMCP

EN 10028

— — P420M, ML1, ML2 TMCP

ASME SA-537-2 Q-T SA-841B-2 TMCP
530-550

EN 10028 P460Q, QL1, QL2 Q-T P460M, ML1, ML2 TMCP

ASME: The American Society of Mechanical Engineers EN: European Norm
N: Normalizing NR: Normalizing rolling Q-T: Quenching and tempering
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Fig.1 Comparison of production process between thermo-
mechanical control process (TMCP) and conventional
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heat treatment process
» Utilization of advanced TMCP |:> * Improvement of weldability Go?d Developed steel (TMCP)
« High cooling rate bySuper-OLAC* * Improvement of heat-affected zone =
) - (HAZ) toughness = RS
" Microalloying technology and  High strength and superior toughness S Tizati
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* Omission of Off_!me heat treatment * Shorten the production lead time / Conventional steel (Q-T, N)
(Continuous/On-ine processing) . ) Poor s . .
* Decrease in plate production cost 0.15 0.20 0.25
* Extension of product capacity P (%)

P, =C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
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Fig. 2 Feature of high strength steel plates applying thermo-mechanical control process (TMCP) for tanks and pen-stocks
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Fig.3 Decrease of preheat temperature to avoid weld cracking of
the developed steel by suppression of C content and Pem
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Fig.4 Improvement of heat affected zone (HAZ) hardness

distribution of the developed steel by suppression of C
content and Pcym
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Table 2 Chemical compositions of ASME SA-841 Gr.A Cl.1

(mass%)
Thickness .
Grade (mm) C Si Mn P S Others Cyq Py
SA-841A-1 12 0.09 0.39 1.47 0.004 0.001 Ti, etc. 0.34 0.18
(EN P355ML2) 40 0.10 0.40 1.46 0.010 0.002 Ti, etc. 0.35 0.19

ASME: The American Society of Mechanical Engineers

Coq=C+Mn/6+Cu/15+Ni/15+Cr/5+Mo/5+V/5
P =C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B

EN: European Norm

% 3 ASME SA-841 Gr.A Cl.1 SHOOHEHATIEE
Table 3 Mechanical properties of ASME SA-841 Gr.A CI.1

Tensile properties Charpy impact properties
Thickness — —
Grade (mm) Position, YS TS El Position, vE_apc VE 60ec
Direction (MPa) (MPa) (%) direction ) J)
SA-841A-1 12 Full-thickness, C 445 533 24 1/4t,C 399 345
(EN P355ML2) 40 Full-thickness, C 420 536 32 1/4t, C 426 424
ASME: The American Society of Mechanical Engineers EN: European Norm
SA-841Gr.B CL.2 Specification: YS>345, 480<TS<620 MPa
vE: On the purchase order, if not specified; v£ 46:c>20 J
YS: Yield strength TS: Tensile strength El: Elongation vE: Absorbed energy
+£ 4 ASME SA-841Gr.B Cl.2 iDL F R
Table 4 Chemical compositions of ASME SA-841 Gr.B C1.2
(mass%)
Thickness .
Grade (mm) C Si Mn P S Others Ceq Pey
SA-841B-2 [Type I] 16 and 38 0.08 0.19 1.34 0.014 0.002 Mo,V, etc. 0.33 0.16
(EN P460M) 60 0.09 0.26 1.45 0.011 0.001 | Mo,V, etc 0.39 0.20
SA-841B-2 [Type II] Cu, Ni, Cr,
(EN P460ML2) 40 and 60 0.06 0.20 1.47 0.009 0.003 Mo, V. etc. 0.40 0.17
ASME: The American Society of Mechanical Engineers EN: European Norm
Coq=C+Mn/6+Cu/15+Ni/15+Cr/5+Mo/5+V/5
Pe=C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
3+ 5 ASME SA-841 Gr.B Cl.2 sSRD#EMEIEE
Table 5 Mechanical properties of ASME SA-841 Gr.B CL.2
Tensile properties Charpy impact properties
Grad Thickness — —
rade (mm) Position, YS TS El Position, | vE—sc | vE4rc | vEusc | vE_soec
Direction (MPa) (MPa) (%) Direction ) ) ) )
16 Full-thickness, C 583 669 36 1/4t-C 236 — 140 —
SA-841B-2 [Type I] - 7 —
(EN P460M) 38 Full-thickness, C 522 617 50 1/4t-C 298 284
60 1/4t-C 553 641 30 1/4t-C 276 — 170 —
SA-841B-2 [Type I1] 40 1/4¢-C 500 595 30 1/4t-C — 282 — 310
(EN P460ML2) 60 1/4¢-C 504 573 31 1/4¢-C — 288 — 345

ASME: The American Society of Mechanical Engineers

EN: European Norm

SA-841Gr.B Cl.2 Specification : YS>415, 550<TS<690 MPa, £ : On the purchase order, if not specified; vE_44c>20 J
vE: Absorbed energy

YS: Yield strength

JFE £ No. 29 (2012 4E 2 H)

TS: Tensile strength

El: Elongation
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% 6 ASME SA-841 Gr.A Cl.1 s AR 4HRED—F]
Table 6 Typical mechanical properties of ASME SA-841 Gr.A C1.1’'s SMAW weldments

. Tensile . .
. Welding - Charpy impact properties
Tt
Grade Th(‘r;liﬁfss PWHT pmr;es e - -
Edge preparation Welding condition Position VEAPC | VEG0C
= PP ¢ (MPa) 0) ©)
60°
XY Welding consumable: 526 WM 65 45
12 126 >é 8 NB-1SJ (3.2¢)* — 1/4¢| FL 162 59
4 . 529
A_X Heat input: 4.0 kJ/mm HAZ | 321 228
SA-841A-1 80°
EN P355ML2 60° WM 66 49
( ) Ay Welding consumable: 550
40 4Mg NB-1SJ (4.00)* - ey | lAr| FL | 126 56
S5 Heat input: 4.3 kJ/mm HAZ 239 196

*Supplied by Kobe Steel, Ltd.
ASME: The American Society of Mechanical Engineers
PWHT: Post weld heat treatment ~ TS: Tensile strength

EN: European Norm
vE: Absorbed energy

SMAW: Shielded metal arc welding

WM: Weld metal FL: Fusion line HAZ: Heat-affected zone

# 7 ASME SA-841 Gr.B Cl.2 SRR FHERED—1]
Table 7 Typical mechanical properties of ASME SA-841 Gr.B C1.2’s SMAW weldments

i i Tensile . .
Grade Trlllézls(_ Welding PWHT propertics Charpy impact properties
(mm) Edge preparation Welding condition (hISa) Position VE(iIZ)S c | v (;;) c | v (}35 c | v (;;) c
WM | 158 — 99
. S s R | 18 | — | 126
SA-841B-2 Welding consumable: 677 o
[Type I] 60 LB-62UL (5.0p)* HAZ| 300 | —
(EN P460M) Heat input: WM | 141 — 68
2.3 kJ/mm 580°C 681
“5h 683 1/4t | FL 126 — 84
HAZ| 209 — 193
WM 125 106
— 620 1/4t | FL 237 260
SA-841B-2 Welding consumable: 622
[Type 11] 60 NB-187J (5.09)* HAZ 274 241
(E}Il\f P460ML2) Heat input: WM 147 127
23Kdmm - SSOC] SOy 177 7
x45h| 605
HAZ 281 170

*Supplied by Kobe Steel, Ltd.
ASME: The American Society of Mechanical Engineers
PWHT: Post weld heat treatment ~ TS: Tensile strength

CL1 %412, EN 10028 P355ML2 %, SA-841 Gr.B Cl2 #i®
Type I (—20°CtEKE) 13 EN 10028 P460M %, Type II
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EN: European Norm
vE: Absorbed energy ~ WM: Weld metal

SMAW: Shielded metal arc welding

FL: Fusion line HAZ: Heat-affected zone

4. HHYIT

BT TMCP il 215 L C8bE L7 x> 27« —v 2
ko 2 ARG, BTN Y M B L UvaERERERE
AT arrbis, ax MIRSELED T, (thhe
DK E HFBT 2, BUWFMICRD Y, SH&IRIL < EH
Sha Zerirrsns,

BE

1) RS EIZA. JFE 8. 2004, no.5, p.8.
2) MREEXKIEP. JFE £7#i. 2004, no.5, p.56.
3) MAEEXIEH. JFE £ 2007, no. 18, p.35.

<ELEbtEE>
JFE 2F—v  JEle o5 —
TEL : 03-3597-3531  FAX : 03-3597-3533

— g7 — JFE £ No. 29 (201242 1)


http://www.jfe-steel.co.jp/research/giho/005/pdf/005-03.pdf
http://www.jfe-steel.co.jp/research/giho/005/pdf/005-11.pdf
http://www.jfe-steel.co.jp/research/giho/018/pdf/018-08.pdf

