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Progress in Light Water Reactor Pressure Vessel Steels
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er station of Japan?
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Fig. 2. Relationship between inner diameter and
vessel thickness as a function of electric output®.

Table 1. Ingot sizes of steel makers in the world®.

Makers Countries Ingot size(t)

Japan Steel Works Japan 570
Kobe Steel Ltd. Japan 510
Japan Casting &

Forging Corporation Japan 400
United State Steel USA 370
Bethlhem Steel USA 350
Thyssen s West Germany 350
Kawasaki Steel

Corporation Japan 320
Klockner West Germany 250
Terni Italy 220
British Steel UK 218
Creusot Loire France 190
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Table 2. Chronological table relating to integrity of light water

reactor pressure vessels®.

Topiois™ | 1950 1960 1970 1980
v v \4 v

Need for uniform Research of TMI Chernobyl
design approach  copper effects v v

Technical PP PP v Rancho Seco  pTg rule

Research of UCC event
trigger ASM_E and reheat cracking
Section
I & VIl; ASME Section III | ASME Section III

Code !(Transition [(Fracture mechanics approach)
cases  temperature approach)
Navy code
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Fig. 3. Advancement of trend curves for irradiation effects®.

Table 3. Requirement for maximum copper, phos-
phorus and sulpher contents in Mn-Mo-Ni low alloy
-steel (ASTM-1983).

A533B ClL. 1 A508 Cl. 3
Ladle Check Ladle Check
analysis analysis analysis analysis
Copper (wt%) 0.10 0.12 0.10 0.10
Phosphorus (wt%) 0.012 0.015 0.012 0.015
Sulpher (wt%) 0.015 0.018 0.015 0.018
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Fig. 4. Cv 41J transition temperature increases
observed for several melt casts®.
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i, ZDREDHEBEMEFFVHNLZVIZERE V2D, I
. 3 #H
ZDFHIERRIZERKOEBE b TnAE Z LiZFHO 3. BERHBERWTOES
> EBDTHD, SO HERMSEL L BKEHE BB CTIRAR7-BKIFE DRI O = — X3 L 7z
' #EHDHVIFERTHESNRTWSY. RGN BERMR OEE E AT ICHBIL T4 5.
Fizk @ Table 2 12779 & 512, 1971 4ELLRET & T3, 3-1 BRKFEHEHRV/UOBE RSB
BKIBE A OIEEEBIERF LR E LTHEERT YV v KPR BN O EFHMIEE Table 42 12K
WE—REE® D L ICERILEN,, WhwALERBERERE T, AHOBKEFETIX, K45 —-H#AKRE L CEHER
EBARBAIN T A, ik, #lz i, 20K LECBEHEMLBRIFLBELS L (N) B &L (T) s
- EREBELZEER (~21°C)  LHREFHEE2REL % L 72 Mn-Mo % @ A302B 8 & U8 Si-Mn R O
‘ A, WMERME (BERBRICKS NDTEE) 3 A2R2B#2SBRA S KEICEIY™E: L i, fiEo
21°C—60°F(33°C) & L T—12°C ET+HTHDo /. A302B SHAPTL K IENB#HAHM L LTH LR TBY,
L& 51z, 1972 £ KE @ ASME 2 — F Section I, A212B S w5 28] & L Tid Indian Point $8(1962
Summer addenda |2 BV CHREIBIENZORBICL LI FER) 28 FHe05TES. Lo, ALK
MR LR RA SR, COBEERINLRED 9 % 1960 L2 O DEKIFRE 77 v PO KAEME
MM (RTwpr: BHERE L W\, 12I13HIER O NDT & WESC, SIS B - D ML BIL L T & 7.
F&) 11, — e LTREE—35°CY L XpkLL % Thbb, 100mm BED EOERFEHICB VT,
3 DTETVA. A302B $ T3 E R UM ORI AR TH L 2D TE
Table 2 (24 1978 4EiZ#2 = o7 Rancho Seco F D& 720DT, ASTM i3 1964 EIZHEAM 2 ED A2 Ni O
GHEIEZR, FhICE L 1979 4£ @ Three Mile Island @ (Mn-Mo-Ni RICR) #2179 Z & TxfLL 7.
(TMI) EDBRLTHHH, ThbEZBRKFEEHAS COHTEIX A302B R LIFENh, bAETIHHAE
DEEREHBRO LCHEFCEELERKELDTY BF Rt o JPDR, ARETFHREEFRR)OHE 15
5. Fhbb, ZhITOREEKE LTOBEHRRIE, FETRASNA TS, 20k, BTFHRET7 0
. KORBERKIC X% LOCA (WHIMEEASER) £x KE{LIIDERL, ZOXEHTHEE L MEORER
SZLLTBh, Tk xix ECCS (BRAFLEHR)D PHREHR SN, $obb, Fig. 5" R T L9 12,
Table 4. Typical steels for light water reactor pressure vessels®.
Chemical composition (wt%) Tensile properties (RT)
ASME (JIS) .
c | s | M| N e | M| othed | Getmet) | (0 | )
& A212B <0.33]0:15 1 g9 | — — — 226.7 49.2~59.8 | =21 | —
<0.33| 2050 | <0. =26. . . =
Plate
\ A302B* <os| o+ LB — — %8 235.2 56.2~70.3 | =18 | —
old
Jype A105* <0.35| <0.35 | 080 1 — — -~ =225.3 249.2 =22 | =30
Forging A336* <0.27 | 035, 1080 105 10.85 1055 1 =352 56.2~70.3 | =18 | —
N . : . .
Plate (fAISS%s%(%/Lz}\) <025 | LP0 %07 | — | %6%0 ” ’ ” -
i o i Sevarn) | =027 | 200 | 20| B30 | Z8%s | 2070 ’ 5.2-73.8 ) v | =38
orging
(J125§%(\:}Q§A) s02s| o[BGO | s0.2s | 205, ’ ’ ’ ”

(* Advanced types used in Japan.) 0.2% YS : 0.2% offset yield stress UTS : Ultimate tensile stress EL : Elongation R. A. : Reduction of area
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Fig. 5. Cooling rate data of heavy section low
alloy steels for pressure vessels®.

Chemical composition, wt%
C Si | Mn P S Ni Cr Cu | Mo Al
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Fig. 6. CCT diagram for Mn-Mo-Ni steel’?.
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refining in production of heavy section steel for LWR pressure vessel?'®19,
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Fig. 8. Variation in chemical compositions for A508 Cl. 3 steels
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Fig. 9. Change of copper, phosphorus and sulphur
contents in Mn-Mo-Ni low alloy steels®.
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Table 5. Chemical composition and heat treatment of steels used (wt% )220,

Code? Steels c Si Mn P S Ni Cr Mo Cu
JP A533B Cl. 1 Base Metal (JIS SQVZA; 0.18 0.22 1.48  0.007 0.007 0.66 0.20 0.57 0.01
JF A508 Cl. 3 Base Metal (JIS SFVQIA 0.18 0.27 - 1.35 0.007 0.005 0.76 0.11 0.50 0.04
HSSTO03 A533B Cl. 1 Base Metal 0.20 0.25 1.26  0.011 0.018 0.56 0.10 0.45 0.12
a ) Condition of heat tréatment :

(1) Jp
Quenching : 880°C X 8.0 h, water cool
Tempering : 660°CX6.0 h, air cool
Post weld heat treatment (PWHT) : 620°CX26.0 h, furnace cool
(z) JF
Quenching : 880°C X 6.5 h, water cool
Tempering : 640°CX7.8 h, air cool
PWHT : 545°CX57 h, 600°CX22.5 h and 600°CX10.6 h, furnace cool
(3) HSSTO03
Quenching : 860°C X 12 h, water cool
Tempering : 635°CX12 h, furnace cool
PWHT : 610°C <40 h, furnace cool
/—E\ 400, T T T n3 ’E\ 400 —T — L T
> 250 A 533B Cl. 1, Base Metal (JP) J= (IE v?) K2 350 A 508 Cl. 3, Base Metal (JF) 1
i [TOby 0% S5m | cradiated  |& 250 [T0by 108y Sbma ] .
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w300k T . N A 1 ¢ 300F . N ]
: P 0 S— o
§ 200 3 S 1520 ¢ o a J T :
° 200 P S W | J Y o ]
E od \Irradiated @ @2 |q47. _q9~/ 80 . &N i #-oooo- 1
8 150 (290°C, 3.1x10® 1
- n/cmz>1MeV) ®Irradiated
2 100 Irradiated 4 (290°C, 2.4X10"°n/cm?)
= (290°C, 7.0X10%n/em?>1MeV) Irradiated
;‘4—’- 50 &oé Cleavage fracture B (290°C, 5.4 X10®*n/cm?)4
3 ATy =52°C () Linear elastic fracture .
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Fig. 19. Temperature dependence of fracture toughness of Mn-Mo-Ni steels before

and after neutron irradiationZ®.
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