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Synopsis :

The change in mechanical properties of heavy section steel plates, forgings, and their
welded joints for light water reactor pressure vessels, induced by neutron irradiation, is
evaluated by tensile tests, Charpy impact tests, and static fracture toughness tests using
compact specimens. The study indicates that the materials tested have low sensitivity to
neutron irradiation embrittlement, the increase in Ni content within the range allowed
by ASTM specifications does not adversely affect the sensitivity to neutron irradiation
embrittlement, and the transition temperature for static fracture toughness K(J IC)

=100MPa ¢ m agrees well with that for Charpy impact value of 41J.
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Synopsis:

The change in mechanical properties of heavy section steel plates,
forgings, and their welded joints for light water reactor pressure ves-
sels, induced by neutron irradiation, is evaluated by tensile tests,
Charpy impact tests, and static fracture toughness tests using compact
specimens. The study indicates that the materials tested have low
sensitivity to neutron irradiation embrittlement, the increase in Ni
content within the range allowed by ASTM specifications dees not
adversely affect the sensitivity to neutron irradiation embritilement,
and the transition temperature for static fracture toughness K(Jz.)
= 100 MPa +'m agrees well with that for Charpy impact value of
41].
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Table 1 Chemical composition (wt %)
Steel Tﬁﬁﬁgﬁ c i Mn P s Ni Cu Cr Mo
JIS 0.15 1.15 0.40 0.45
G3120 =0.25 ~0.30 | ~1.50 | =0.080 ) =0.04 17 4 g ~0.60
ngavt\‘;zA Pl 163 0.18 0.21 1.41 0.606 0.002 0.68 0.01 0.09 0.49
P2 250 0.18 0.24 1.40 G.004 0.003 0.69 0.01 0.09 0.53
P2 (Whir) —_ 0.05 0.33 1.65 0.010 0.003 0.76 0.01 .06 0.40
JIS 1.20 0.40 0.45
G3204 <0.25 <£0.40 —1.50 =0.030 <0.030 —~1.00 =0.25 —~0.60
Forgi F1 260 0.18 0.25 1.44 0.004 0.002 0.7¢ 0.01 0.14 0.51
orging
SFVOQIA F1(WM#*t) —_ 0.07 0.33 1.62 0.010 0.003 0.78 0.01 0.07 (.45
F2 115 G.19 0.27 1.43 0.004 0.002 Q.77 0.01 0.12 0.53
F3 290 0.17 0.25 1.44 0.004 0.002 0.75 0.01 0.20 0.51
F4 270 .18 0.25 1.45 0.004 0.002 0.94 0.01 0.18 0.52
*1 Weld metal
Table 2 Mechanical properties
Tensile test Charpy impact test
Steel YP TS El RA T | v T | v Ta® | B B
(MPa) (MPa) (%) (%) %) (°C) (°C) [4)] )]
Plate Pl 529 625 25 70 —26 —A7 — 66 237 226
SQV2A P2 500 674 28 70 —2 — 46 —43 236 183
Fl 470 607 29 77 -10 -27 —25 225 147
Forging F2 451 598 25 72 —30 -1 —44 254 187
SFVQLA F3 487 635 25 77 —19 —34 —30 257 197
F4 497 631 24 71 —24 —34 —32 233 179
#1 509 fracture appearance transition temperature
*2 G8] (50 {t-1b) transition temperature
* 0,9 mm (35 mils) transition temperature
*t Upper shelf energy
*#5 Impact energy at 0°C
JUIRFAGEESR Vol. 19 No. 3 1987 34—



AT SRR O TI 183

Table 3 Welding conditions

Temp. Ve-
Steel Welding Welding] (°C) | Current |Voltage| locity
€ method | material |Preheat/| (A) (V) |(cmy/

interpass min)

Y204
+ YF200| 200/260 | 350-500; 28-35 | 20-40
(3.2¢)

Y204
+YF200 »

(4.8 )
US-56B
+
MF-27

P1| SAW

Plate

SQVzA 650-750 | 28-35 | 20-40

P2| SAW 150/260 | 600-650 | 28-29 | 50-70

Forgi KW101B
JIEINE | F1 |IN-SAW! -
KB125

SEVOLA 150/200 1 500-550| 27-29 | 25-31

M3

55

{mm)

Fig. 1 Tensile test specimen geometry
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Fig. 2 Compact test specimen geometry
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Table 4 Irradiation conditions

Temperature Fluence

Steel °C) (n/emt)
P1 280 3.7 %108
P1 (HAZ) 280 3.8x 108
P2 305 2.8x 101
P2 (HAZ) 284 2.9x 10w
P2 (WM) 284 2.9x 1019
F1 (HAZ) 290 Bx 10
F2 290 6 x 1010
F3 290 6x 101
F4 290 6 x 10w
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Table 5 Effect of neutron irradiation on tensile test results

YS (MPa) TS (MPa) Ei (%)
Test
Steel tempfrature Irradiation Difference Irradiation Difference Irradiation Difference
(0%} (%) N (%) (%)
Before After /e Before After @ Before After a
20 529 547 +3 623 541 +3 25 22 —12
P1 150 478 491 +3 578 600 +4 22 — —
286 446 484 +9 600 625 +4 22 — —
20 481 509 +6 611 627 +3 24 21 —13
P2 150 441 466 +6 583 599 -+3 20 19 — 5
290 425 460 +8 614 629 +2 23 20 —13
F3 24 468 511 +9 610 637 +4 25 25 0
208 465 505 +9 580 610 +5 — — —_
F4 24 461 495 +7 593 610 +3 23 20 —13
298 421 443 +5 580 602 +4 — — —
Table 6 Effect of neutron irradiation on Charpy impact test results
Charpy impact test result
Steel v T (°C) v D™ (°0) v 1™ (°0)
Belore After Difference Before ‘ After L Difference Before After Difference
P1 —26 —12 14 —47 —43 4 —57 —57 0
Pl (HAZ) | —57 —45 8 —68 —63 5 —80 —75 5
P2 —26 16 42 —46 — 2 44 —58 —20 38
P2 (HAZ) —61 —49 12 —69 —G9 0 —B6 —72 14
P2 (WM) —43 3 51 —49 7 42 —55 —19 36
F1 {(HAZ) —24 17 41 —43 0 43 —57 —26 31
F2 —30 16 46 —41 —11 30 —55 -22 33
F3 —19 31 50 —34 -5 29 —49 —26 23
F4 -24 21 45 —34 37 —42 —12 30

*1 68T transition temperature
*#2 41] transition temperature
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Fig. 4 Examples of effect of neutron irradiation on Charpy test results
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Fig. 6 Plot of the shift of 41] transition temperature vs. neutron fluence (E>>1 MeV)
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HHAMRTF — 2 iCiES5< L0 TES I, 2HECERAFHBLEYE P2 (WM) 36 37 46 50
ELTwE, WwTholfiegfcksew T, Cu5FHFEHLBERTE F1 (HAZ) a1 54 34 51
LCEBENLTE D, NRC Regulatory Guide ¢ % Cu #1 0.08% F2 a3 54 34 51
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