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A method of Determination of Fracture Toughness of Reactor
Pressure Vessel Steel by ] Integral

Sae-Wook Oh* - Man-Bae Lim** - Jin-Seon Kim***
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s}y 28-EA), Blunting Line (33 41), Unloading Compliance (A8} #&&}t
o}l ), Apparent Negative Crack Growth (TFdZe] 7F4 #Ab), Offset
Technique (=A%), Nil Ductility Temperature (594 &%)

Abstract

The elastic-plastic fracture toughness(Jic) and fracture resistance(J-R curve) of
SAB08-3 alloy steel used for nuclear reactor pressure vessel are investigated by using
CT-type specimens. Fracture toughness tests are conducted by unloading compliance
method and multiple specimen method at room temperature, -20C and 200C. The
apparent negative crack growth phenomenon which usually arises in partial unloading
compliance test is well known. The negative crack growth phenomenon in detemining Jic
or J-R curve from partial unloading compliance experiments may be eliminated by the
offset technique. In this study, the evaluation of Jic multiple specimen method
recommended by the JSME gives the most reliable results by using half-size
CT(similar-type) specimens.
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Table 1. Chemical composition of SA508- 3
steel(Wt %)

| C Mo P IS |Si|N|Cr|Mo| V| Cu

0.17 | 1.42 | 0.004 [0.003] 0.04 | 0.98 | 0.22 | 0.5810.003) 0.045

Table 2. Mechanical properties of the SA508-3

steel

T vt | iy | B (25
(kgf/mm®) | (kgf/mm’) (kgf/mm")

| -20TC 63.88 48.26 26.8 21810

RT 59.89 4551 218 20930

200C 56.02 4133 256 19820
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Detail A
| Specimen | B | W Method |
G y Multiple Specimen
Half-Size CT| 125 | 25 Techrique
\ . Single Specimen
1CT 254 | 50.8 | Technique

Fig. 1 Configuration of the compact tension
specimen(Unit:mm)
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Al Holl ¥ 3mm ZHeo] 22mm2| 7| AxAE 7}
Fstn AYe] LAE A Iy Azl F
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3mmz  7hEsld e, ANkl AAde)|E
a,=05a/WZ 8tgic). dxel =& Table 33 %
o FFF AFLHE AAsY] HAsted %
31 A=(SR)E st

Table 3. Heat treatment of the steel

Normalizing |850/925C X Thrs:Air Cool

Tempering | 640/665C X 6hrs 20min:Air Cool

Quenching | 860/8%5C X 5hrs 38min‘Water Cool

Tempering |650/675C X 4hrs 53min:Air Cool

SR 605/626C X 45hrs 56min :Furnace Cool

3. Aguy

Aol AHE AFIE SR T2 A7)
(INSTRON model 1331 10tonf) o]t} A& <]
Au] H2gd2 HH3H HAAST Kmu< 807
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1. EAg A (multiple specimen technique)
2] A% ASTM 3 JSME Al &3t JAE A
ARALE o} 8- Al g o] &3l

J=(A/B b)f(ay/W)~-~~——-~ (Mecle-Corten's)
flag/W)=2(1+ 8)/1+ B*

B =[(2a0/b) +(2an/b) +2]1"*+[(2an/b) +1]
J=(2A/B b))~ - (Rice)

714 B=Al¥# FA(mm), W=AEH Z(mm),
ao=ll¥] FdAe(mm), b=2}7} A E(mm), A=3}F
-ghFA W9 FA 2] = A (kg.mm)ojel,

2. ©wrd AP #H Y (single specimen technique)?)
S FERAAL OHoz sl

i

J=20y - da D

712 g =0 yst 0 /2, 0 ys=FETFE (kgf/mm’),
0 w=2 A7} = (kgf/mm®)o] c}.

REFAL Fig. 2014 RodF = upe} 7o) 224
A e A doleld S @A g ApAl A7)
}.

J=Ci(da,)® @

3714 C 3} Cos Ao}
g A g @Y 2] Alsl HBeloldael A% T
A2 AAtAE 37 2}

Ji= i O WAL VB -7 Milai-ai)) @
7 =2 (1+a)/(1+a)’]

ai=[ (2a/bi)*+2(2a/b)+2] - [(2a/bi)+1],

7 i=1+0.76by/W

AAM Ji= iaMe] Astel s JHR,
A LA S Afelel 815 s A
AU DA 2, b A R)ahel
Abeste Fddels) 2lbES] Zojolc,

FAZol e the @Aol oA Faksich

a/W=1.000196-4.06319U+11.242U°-106.043U°
+464.335U"-650.6770° @
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J-Integral (kgf/mm)
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U=1/(B.E.C+1)

714 C=V/P(mmvkgf), E=%+4Al4(kegf/mm®)
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Fig. 2 Determination of Jic by the ASTM
ER13-87

AstA] FdAdwte] sh5-3Hel 23t} Fhlo]
hand o] Jehbog &gl oa Ew)
olRlagl 9aE wAstel, FAAe) HaAtE
wAE 4 ooleh FEAEe] AaMAAe ASTME
Je AR Aol ololA A 2 FAHel @ 4
glont, o}a) L A7} ol Ea Abelel alek ol
3 Foade] #AwEAY 7tHAW e R VossE'o)
ALY L =AM olg3fel JRINE $4 u
kte] JicE AA shaioh

4 NPT U D

. ASTMH o] REMYO 2/ JcH7}

Fig. 3455 A, -20T 2 200C)4] ASTMHY
of 2}3le] J-Aao FHAE et ASTM‘“
oA HWAstw 9l F3A4(J-20da)7 R F
A& o] 83t 7} Lo e i § —‘137}6}‘*4
R0 FulEZ (d)/da)k<1/2(d)/da)s % dleolet
o] BE 279 (dame— damin) >3 A amin- dain) T
& HEIA dgkey FRFT L@tz o4
T Fch

1 ‘-‘A‘-

100 i — S — e
;s |
_ * RT N 1
80 - &, . - Mercle
é g ; Half - size \\; K , / /"6 - Open points i
% ~
™~ Sy s e Rice i
b ’f \on/ O s Solid points i
i 60 & // :
- o |
] A
ol e 5
= /75//\& &
bo 40 R ~
) ‘o F
= ;o ISME g7
— ’ ¥ Jicy 30.02 kgf/mm &
| 20 ! Jiem 2590 kgf/mm Pl
—_ < 4
r ASTM <, |
I Joy 4803 kgi/mm o |
Ve oy 37.04 kgf/mm ~7,
0 S,
1.0 15 20

‘ Crack Extension (mm)

Fig. 3 Determination of Jic by
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R-curve method at the RT
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Fig. 7 Determination of Jic by the JSME
R-curve method at the -20C
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Fig. 10 Negative crack growth phenomenon

by unloading compliance method

Voss5& Fa7el
(clevis) 9} el 213t A3 Ate
b Al el 58 spE Heo) F3el

A o] whAElo] AW o] o,
W3o] alojut Aulddly FFE AAT F oA

HdAE  FHn)
FEAHeZ wek
2] &}o]

A

—116~



] AEE o143 dAy H 40120 shaddxe) A 117

352 Jp3ld Ay os A" Fd 9o
54 Hx7F 2F=hA oleld dalel 23t
TFdAel  ztadAte] vehdrin wm dgch
ol2|gt FAHAHE Btsly] 93t U Fu|A
Aleloll HAE 4 gl AARE PHon, ek
o] FHHY & strizte IAe] s|HFo2H
84 Fe] doiA ¥ =% 3t Putschers
Vo Foge] FadAtel F317E(blunting
behaivor)2] <3#ke g olsled WAl B33}
.20, Bowman$' ' 8t5A Aol e A

Quake] 9% dolely A4ss

4-4. st HE2jo|A 20l o8t J-RBMoll o]x|
£ esol oY

Fig. 11,12,132 RT, -20C % 200TC XA
A &) Zelolad Aol 3t APAAE ephsd
on, 7t ExeolA FdAe] FaydE BF e
o e sAdg HLsR oL JotEd TA
glojet E Juax=b ov/15 H Jic®l FEZZ B
b225(}/ o v)E UEEA o A 3] AdHYris
et

ufepy] X AWE o] gste] viehd A {A
dolel &% 2 FEZAES UFHdd Jic2 Hr)

s

¢ 5 A

Age Boli U JRIA Ao Wstsigler
57} 27) Aas JRIA BT oz IR

150

100 |-

50

J-Integral (kgf/mm)

die 59.56 kgf/mm

1 1

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Crack Extension (mm)
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Table 4. Fracture toughness values by R-curve method, SZW and unloading compliance method at

RT, -20T and 200C

| ASTM R-curve | JSME R-curve . Unloading
Method(modify) method SZW Compliance
- Temp(C) Y Method
Je or Jic (kgf/mm)
L”- —
| Jican=30.02 Jicon=29.49 ’
! RT M7V con=29. 3063 o5
Jiew=2590 Ticaw=24.31 Jic=306 Jic=59.56
=20 Jicon=19.98 Jicow=14.54 i 2606 T’—’Jiz:&
Jiew=16.71 Jiew=12.15 & femen. =24
Jieon=27.57 Jicon=19.95
200 2137 3856
Jiewy=23.57 Jieq=17.28 Jic Jic
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