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Development of
SA-738 Gr. B High Strength Steel Plate with Excellent Toughness
for Power Generating Plants
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Abstract:
JFE Steel has developed ASME SA-738 Gr. B (ASME: The American Society of Mechanical Engineers) high

strength steel plate for reactor containment vessels in response to great demand for new construction of nuclear
power plants mainly in America, China, and developing countries. The developed steel has excellent toughness to
meet the requirement of exemption rule of post-weld heat treatment (PWHT) in ASME with thickness 44.5 mm or
less, and also has good weldability through the reduction of preheat temperature. Heavy section plate around 100 mm
thickness has good toughness by redeucing impurity levels, and excellent internal qualities can be obtained through

the application of a forging and plate rolling process to continuous casting slabs. These developed steels have already

been adapted to some nuclear power plants.
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Table 1 Target properties of the developed steel
Thickness C Si Mn P S Cu Ni Cr Mo Y Nb Ceq
(mm)
t<38.1 <0.20
0.90/ 048
- 1.50 -
SATI8 | 381502635 | g | O1Y <0.030 | <0.030 | <0.35 | <0.60 | <030 <0.07 | <0.04
Gr. B 0.55 <0.30
0.90/ N
t>63.5 1.60 —
Base plate Welded joint
Thickness Tensile properties Charpy impact Drop we.lght Tensile properties Charpy impact
(mm) properties properties properties
YS TS El E TnpT TS vE
(MPa) | (MPa) (%) Q)] (°©) (MPa) )
vE-60°c vE-a0°c
38.1<t<63.5 >414 587/703 >20 >48 (Min.) — >587 >48 (Min.)
>55 (Ave.) >55 (Ave.)
vE-a0°c vE-a0°c
t>63.5 >414 587/703 >20 >62 (Min.) <25 >587 >62 (Min.)
>68 (Ave.) >68 (Ave.)

Ceq=C+Mn/6+(Cu+Ni)/15+(Cr+Mo+V)/5
YS: Yield strength TS: Tensile strength

El: Elongation
BFELTEY *77, EHABMAMRLE T Tt nR
BEEL TV, ABREMICEVTY, Fil7nt 2%
M3 2 zeT, ks z s 72 Hueie, B NERE
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vE: Absorbed energy

Tnor: Nil-ductility transition temperature
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Fig.1 Relationship between tensile strength and Pcw after
post weld heat treatment (PWHT)
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Fig. 2 Effect of P content on toughness after post weld heat
treatment (PWHT)
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Table 2 Chemical compositions of the developed steels

(mass%)
Thickness C Si Mn S Others Ceq Peu
(mm)
47.6 0.05 0.39 1.44 0.001 Cu, Ni, C, 0.46 0.20
Mo, V, etc.
103.1 0.12 0.30 1.54 0.001 Ni, €, Mo, 0.52 0.25
V, etc.
Ceq=C+Mn/6+(Cu+Ni)/15+(Cr+Mo+V)/5
Pcev=C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
=3 BARMOIMERE
Table 3 Mechanical properties of base plate of the developed steel
. Tensile properties Charpy impact properties
Thickness .. L
(mm) Position Direction PWHT YS TS El VE_400¢ VE-s0°c s
(MPa) (MPa) (%) ) Q) (°0)
— 573 642 28 431 380 97
47.6 1/4t T
615°Cx10 h 565 642 27 343 303 —80

Tensile test specimen: ASME SA-370, @12.7 mm (GL 50.8 mm)
Charpy impact test specimen: ASME SA-370, Full-size

ASME: The American Society of Mechanical Engineers
PWHT: Post weld heat treatment YS: Yield strength
vE-40°c: Absorbed energy at —40°C
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TS: Tensile strength
vE-0°c: Absorbed energy at —60°C

El: Elongation
vTis: Fracture appearance transition temperature
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Table 4 Results of maximum hardness test (Thickness: 47.6 mm)

Preheat temperature (°C) Maximum hardness, HV10
R.T. (25) 275
50 266
100 275
150 260

Test method: JIS Z 3101 (JIS: Japanese Industrial Standards)

Welding condition: SMAW SMAW: Shielded metal arc welding Heat input: 1.7 kJ/mm R.T.: Room temperature

x5 FEHEMO yRAZERINGRER
Table 5 Results of y-groove weld cracking test

- s
Thickness ) » Preheat Cracking ratio (%)
Welding condition temperature ]
(mm) ©C) Surface Section Root
SMAW R.T. (25) 0 0 0
476 Welding consumable: LB-62UL* 50 0 0 0
’ Heat input: 1.7 kJ/mm 75 0 0 0
. oC_R()9,
Atmosphere: 30°C-80% 100 0 0 0
Test method: JIS Z 3158 (JIS: Japanese Industrial Standards)
*Supplied by Kobe Steel, Ltd.
SMAW: Shielded metal arc welding R.T.: Room temperature SMAW: Shielded metal arc welding
R6 FRMOBESRMG L FEMTFIERE
Table 6 Welding condition and mechanical properties of welded joints of the developed steel
Thickness Groove Welding condition S Tensile properties Charpy impact properties
(mm) | configuration £ TS Frac.t.ure Position vE-a0c
(MPa) position )
WM 147
GMAW — 638 WM 1/4t FL 176
i . HAZ 289
476 X Welding consumable:
MG-S3N* WM 144
Heat input: 3.8 k/mm | ¢ 5o 10 1 619 WM 1/41 FL 176
HAZ 244

*Supplied by Kobe Steel, Ltd.
WM: Weld metal FL: Fusion line

GMAW: Gas metal arc welding

Gr. BOBUE 2L T 2588 Y, —60CICHBWVTH 718
NIARRAEDE LN TV 5,

TBEVE DR EARR ¢ L CFEN L 7o il S SRR R &
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275 B4 > P ARL, cBINBGIE TR L B T W»
SENAEE R AL TV,
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BV, RIMOBUEZGE T 2 /P B s
WS o N T\» 5, PWHT ABUEZEA T 3 551213,
RAKAEFTRE 2 & 5.6°CIRWIREE I B W TR PERTEE & i
T5%, FEHERETCORNT R VE—%T7] LiIF5 ¥
DIRRETH 55, ABFEMIZ, PWHT 2 LTH — 40°CIC B
VT I HEME Y LR 2 EN ARG L w5,

PWHT: Post weld heat treatment
HAZ: Heat-affected zone

TS: Tensile strength
vE-40°c: Absorbed energy at —40°C

LU EORENNE B & OTARIR N TE DRSS 2> &, ARBHFEH
%, PWHT B nlgER RO EN I H#ikchHs v v
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W2 TdH 595, PWHTHiRICB VT, 1/41, 1/2t ¢ HITH
Ml % o0 o e ¥ 2505 35 & 0F— 40°C TOENIKIR
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Photo 1 Forging reduction in widthwise of continuous casting Photo 2 Forging reduction in thicknesswise of continuous
slab casting slab
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Table 7 Mechanical properties of base plate of the developed steel

. Tensile properties Charpy impact properties Drop weight
Thickness .. L .
(mm) Position | Direction PWHT YS TS El vE-200C E-a0°C T properties
(MPa) | (MPa) (%) V) V) c) | Twor O
4 — 591 674 28 271 242 —69 =50
t
615°Cx10 h 566 663 28 295 258 —69 —40
103.1 T
1 — 551 651 22 187 199 —43 —
t
615°Cx10 h 536 646 24 219 174 -38 —

Tensile test specimen: ASME SA-370, @12.7 mm (GL 50.8 mm) Charpy impact test specimen: ASME SA-370, Full-size

ASME: The American Society of Mechanical Engineers

Drop weight test specimen: ASTM E208 type P-3 ASTM: The American Society for Testing and Materials

PWHT: Post weld heat treatment YS: Yield strength TS: Tensile strength El: Elongation vE—20°C: Absorbed energy at —20°C
vE-40°c: Absorbed energy at —40°C vTs: Fracture appearance transition temperature Twor: Nil-ductility transition temperature

&8 RHEMOD yRAEINERER
Table 8 Results of y-groove weld cracking test

Thickness Welding Preheat temperature Cracking ratio (%)
(mm) condition O Surface Section Root
SMAW 75 15 23 94

Welding consumable: LB-62UL*
Heat input: 1.7 kJ/mm 100 0 17 67
Atmosphere: 30°C-80% 125 0 0 0

Test method: JIS Z 3158 (JIS: Japanese Industrial Standards) *Supplied by Kobe Steel, Ltd. SMAW: Shielded metal arc welding

103.1

x99 REMOBRFMTLIARUFIEE

Table 9 Welding condition and mechanical properties of welded joints of the developed steel

Thick G Tensile properties Charpy impact properties
1SS roove Welding condition PWHT TS Fracture E 400
(mm) configuration o Position v

(MPa) position J)
WM 118
GMAW — 678 WM 1/4¢ FL 124
: . HAZ 303
103.1 X Welding consuinable.
MG-S3N WM 162
Heat input: 38 KJ/mm |y soceion | 623 WM 141 FL 172
HAZ 303

*Supplied by Kobe Steel, Ltd. GMAW: Gas metal arc welding PWHT: Post weld heat treatment TS: Tensile strength
WM: Weld metal FL: Fusion line HAZ: Heat-affected zone vE-40°c: Absorbed energy at —40°C
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