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Assessment of Fracture Toughness of Heavy Section Steels for Nuclear Pressure Vessels
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Fracture toughness tests were conducted on three heats of nuclear pressure vessel steel plate (SA533BCl. 1),

a submerged arc welding joint of one of the same plates, and three heats of forged steel for nuclear pressure

vessels (SA508 Cl. 3} to evaluate the static fracture toughness Ko, dynamic fracture toughness K;, and crack

arrest toughness Ky, . These test results shawed that the lower boundaries of Kic, K;, and all the fracture tough-

ness data points lay above the K;-. K,, and K,, curves given by ASME Boiler and Pressure Vessel Code, respec-

tively, Further discussion was made on these three fracture toughness parameters.
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Table 1 Chemical composition of steels (we. %)
Steel | Marking 'l'i:’i;tﬂnr;ess [Location C Si Mn r S Ni Cr | Mo i
o B ASME | 025 ] 015 | 115 |0.035 | 00401 0.40 | | 0.45
specification | max. |~ 0.30(~ 1.50| max. | max. i~070 ~-0.60

: . — [ — : - ; ri*.l__ .

o Q1 250 Yt 0.18 1 0.27 | 140 | 0.008 0.003! 0.62 | 0.15 | 0.55 '0.006

o . —

i Q2 250 lat 019024 | 141 |0.004|0.003| 0.68 0.09 | 0.52 |0.004

- S S S S, % .

@3 163 At 0.18 | 0.22 | 1.39 | 0.004|0.002| 0.67 | 0.09 | 0.49 |0.006
ASME | 015 | 0.15 | 1.20 | 0.025 | 0.025| 0.40 | 0.25 | 0.45 | 0.05
specification | --0.25) - 0.40) ~ 1.50) max. | max. ~1.00} max. |-—0.60 max.

5 K1 300 bat 0.20 | 0.26 | 1.44 | 0.00510.002| 0.73 ] 0.12 | 0.50 |0.019

2 - -

B F2 i 400 4 i

ji (Flange) | (340°) i< 0.20 | 0.26 | 1.42 | 0.004 | 0.002| G.74 ; 0.12 | 0.50 [0.017

F3 200 : Een g .
[Dome) (150*) b (.23 CF..?T_i 1.50 ;U.U(M no003| 0.77 | 0.13 | 0.52 |0.020
Note *Thickness of final product
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Table 2 Mechanical properties of steels
i :_ - "['.h_i«kmr:'-;.s- 1‘ . N ,777777 . Y 5. l lJ.'l‘,;.ﬁ ] -]]_L 1-.R.:’\. v RT.\;T
Steel | Marking - (mm! ! Direction Lacation g ) kgl mm®) o Lo | e °C)
: o ASME 35.2 56.2 18 )
. specification min. - 70.3 | min.
L Y 45.2 62.8 27 | 72 12 25
M 51.5 655 26 | 71| -47] -25
- Q1 250 T W 45.7 $2.6 27 | 69 3| 25
= L
I~ X 46.3 627 27 | 69 | -4 | —25
- — 4 i
) A 50.2 63.6 27 | 89 | 6| —25
o i Poosld 648 27 | 69 250 —30
Q2 /0 T e - . —
" M 52.1 65.2 28 | 6B
E 49.6 63.3 29 | 75 720 70
W3 163 T Y 46.5 60.7 29 | 72 | -281 —40
M1 46.0 60.6 28171 | -30 40
ASME 35.2 562 1 18 | 38 )
| specification i min. --73.8 | min. | min.
_ _ | L
‘ L Y 47.0 622 |25 | 70 | 42| 30
11 300 T ¥ - - S R S—
i 474 62.3 0] 69| —4| —25
1. Business 48.7 63.9 30 75 | -32 40
o Bebelling 48.5 629 28 | 69 | -20f 40
] 400 - . o
= r2 % 46.2 61.7 30 | B9 | +16]| —25
B (Flange) | (3407 T ) : 7 B
= %t Lo46.8 61.7 30 | 68 | 416| —25
4
- 59 63.1 2% | 70 | -5| -5
{Inner surlace)
e 53.1 67.2 27 | &9 | —10] -35
3 200 " i 513 652 | 26 | 69 | 7| 35
Mome) (150%) 4 7 ) T
; ! At 50.6 64.2 27 | ey | 12 35
i §(lnner surface)
— L S

Note = Thickness of final product
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