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The Evaluation of Ductile-Brittle Transition of Fracture Toughness
by Material Degradation
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Abstract

As the huge energy transfer systems like as nuclear power plant and steam power plant are operated
for a long time, mechanical properties are changed and ductile-brittle transition temperature is raised by
degradation. So it is required to estimate degradation in order to assess the safety, remaining life, and
further operation parameters. The sub-sized specimen test method using surveillance specimen was
developed for evaluating the integrity of metallic components. In this study, we would like to present the
evaluation technique of the ductile-brittle transition temperature by the sub-sized specimen test. The four
classes of the thermally aged 1Cr-1Mo-0.25V specimens were prepared using an artificially accelerated
aging method. The tensile test and fracture toughness test were performed. The results of the fracture
toughness tests using the sub-sized specimens were compared with the evaluation technique of the

ductile-brittle transition temperature.

_?,]
% Az gAe AEHA, &4 o
HIE, A9 24A Fol Frojo}
g od@ dolEs} =T guw =
=gn, gepq onie 4% dde Asg

NG

*
Azasta 7 AATY gty
*kk
39, Joadsta 7AZSHT
E-mail : csseok@yurim.skku.ac.kr
TEL : (031)290-7446 FAX : (031)290-7482

-579-

g ko] Adujel RESFHE Hubsjol sl
Eo Al e A HAGHE YA 98t
o W= A DBIT ©o]d9] &%olA 7hgxojok 5}
o, ol¥d dule AAAMNE FHEr] Yshd
DBTTS #7t& wi$ Fesg

Ao AU E BAY  dvw YHE 2
A ##AEQl W gy Ad ez x
4 otk A e A AHANPE 73
oW dujo JREANANE A3 HAY ¢
Qdubs ol gony, AbE F AuldA AE
HE AFgds AL dyrEy A 2rh5s)
9, 7bssttt stte s we Aulek Azke Fab
sof dhE FANE AT A9 weta o)
A e oy dds mest = g Hyloe
2 ZANEE ol&45 = AgHd s 22 o
T AFgEA ok FAAEE o]4g HE
ALz e} o] kA o] Wl § FOAMNHE TEE
o WRol FTREIN 2L AN dIHEE



vl

ANEE AFA FAGE daA] o] ABE

o183t} dARE Wrske Yotk o A

Table 1 Chemical composition of 1Cr-1Mo-

-0.25V steel [wt. %)

Composition

ClSi|Mn}] S| P {Ni|Cr{Mo] Vi Sn

0.29(0.01(0.74|0.004|0.007{0.060{1.29| 1.2410.25 | 0.0047

1000 [ Virgin
%
453 hr
800 F 933 hr
7 1,820 hr
%GM
£
§ 400
-
200 F
o 1 1 i 1 .
0.0 0.1 0.2 03 04
True strain
Fig. 1 Effect of degraded time on the true

Tensile strength [MPa], Yield strength [MPa]

Fig.

stress-true strain curve

800

—=&— Tensile strength
800 }- —®— Yield strength

700 |-

600 -

400 L " 13 . 1 1 PR
0 500 1000 1500 2000

Aging time [hour]

2 Effect of degraded time on the
tensile strength and yield strength

-580-

¢ AHE A7) R FF AFOR JFho v]ih
ANBE ol&ste A7t gwow, AA AEFd
2o tsl AN PE FPshe golnz mrt
g3 7ot shsstvs gaol ok
2 wRdAE FEddA BRl 2 852
Zo] Al e 1Cr-1Mo-025V Z& 714 ¢
A A 2o dgAe AFAEIQh o daAE
ol g3t MAARozRE ANE BANE T
3, o]2 njeto g AL 9 LA njAAHG
o] 43 FAIYJAF L Fdste] AA-HA Ho
Asel BAE BRI

2. el ZIAXM MHA "ot
2.1 2o} Astxf A=t

Algel AHgE AEe sEdds Rz
go] Al EHE ICr-I1Mo-025VZA e 2H #aha A

Z’4¥) & Table 13} 2t}

o] AEE 630TY H7]Z o)A %% s
(isothermal aging heat treatmentyd'H{ 2.2 4534| 7},
93341%F, 182041 E3AA AA W A 47
o] NPgHE st AL T4

2.2 QFAE

0|
s

0

29 ZF QslaAEE A" daiAg 9%
EA49 ®zE a#strl YsiA ASTM ES-95a
(KS B 0801)2l AZAIEH 4o Fsto] AlgH
< AFASRAHY. Shimadzurle] 25tn £ A7)
EHA AFAD7NAG-25TGE A3t A2
A imm/ming £E2 AZAPL £P&a 55
el M, AAlE(elongation), FE7}E(0.2%
offsetd), VA= & T35

Fig. 13} Fig. 2= 2o} EsldAld e 158
Y E AR dEAE ARZEE Ygd

Aeoltt. o] AFdszRE F3rt PPl ue
FEZE=G AFAE 5o ASEHYA7 Ase
S B IR

3 EFEAE ool dAIY

o

2o dsiAol Wit #Ad X9 wsE #F
87] a4 ASTM E399-9052] Algubwie] uwia}



Section A-A

K

[ ¢ 0254
I.—.

%é .

.

18

66
1.3

63.5
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Fig. 7 Material testing system for sub-sized

specimen test and BI test

Fig. 8 Test fixture for 3-point

bending test

LVDTE o]&&t] 850 BHE ZAsR0n,
COD gageE ol83ly FAMTHAS & 59
o AL AE g E an 70 YERgR L, &8
38 SUANEE AFE A% AFANE Fig. 8
of YehfAc

3.2 B UM X, K,

Pl2EAIEE o] &dtd HAJYX K, ANFL
TR, P AAY F K& AASA
sy, 2E A Wakd K $5 249
B>2.5(Kol0)?9 288 BE8x galgon
B KoE AU

BedAe) vaNANY BAA K @H ®

F CTAHY A P2d3eg vasing, EEAHY

-582-

400

300 4

J [ka/m’]

a  Virgin
< 453 hr
m 933 hr

v 1820 hr

T T
R 1.0 20

Crack extension [mm]

Fig. 9 Effect of degraded time on the J-R curve
tested at 20°C

400

300

o0
a"
o 'vv
— B v
£ 200 o Vv
3 P
< o v
- ERY
[y g Virgin
00 7 453?1
1o v <
o'y . '
e 933 hr
v
o v 1820 hr
K
0 4 1 T T
oo 05 10 15

20
Crack extension [mm)

Fig. 10 Effect of degraded time on the J-R

curve tested at 0T
Kodtel oF d0%e) slsahs @t uehin
o, ol AlHY ArjateldlM & AR
"ot Eg 25 wE AF4E vusrd
gy dete o3 FHIYATFRE 220
W 1Cr-IMo-025V 79l 3 AEE A&
A3 &= ge Aoz B waks g

fu.

o

ol 32
ot (L

s ekl g Al J-HEGY dAz
JicE vias wmgtoh
33 LA AME], J

v AAHE ol8T ] AES £y An A
<+ 2 oCAdME LR AEE FE F 9on,
3 Alg 435 d3A ol wat Fig. 9 ~ Fig.
10d] Jetdisld. AlgdZdsts durd gt
Ao wet SR AE7 PolAE= AL B £



300
D Virgin | w ——
250 0 453hr -~
< 933 bhr :,
200 v 1820 hr a2
SR
B ki v
E 150 R .
2 B
=
- o
100 | .
50 e fo 3
A
G i v A o
0 T T T T
-150 -100 -50 0 50
Temperature [°C]
Fig. 11 Effect of test temperature on J, value

Table 2 Transition temperature of fracture

toughness
Degraded time
0 | 453 | 933 | 1820
[hour}
Transition
Fracture
temperature -46.2{-26.3 |-24.1|-20.8
. test
(€]
20k o
— o/
1= o/
H
gl
£
o
50 1 " L 1
[ 500 1000 1500 2000
Degraded time [hour]
Fig. 12 Effect of degraded time on the
ductile-brittle transition temperature
Aok 2y, AdY G712 QlE FRE g
dol o)A A gsten, Jo=J 7t H7 9
& 289 B B(Jolop s BEEA Esiog

Jo= YET =§ 50T olald e AEs

T A4 A2 Qs SR AES FS F 997
gzl HAY AAANHANY J e & e

-583-

B
B
>
A

AN
i
TR L

N oXx

o

.

P

o
,

S
Lo 2 N R

N
P

4
2
o

_,.g
N,
rir
[ ot
ok o 2
>l
o

ot

W

SUNSPU: T <A
i)
2
N
fr
S

tlo

or £ 04
©,
b
B

E=
Mo
o
fu
=
ox
i»‘

ol
o
i1
1
2
=)
i‘

if B £op ko

]

il

!

2>

i)
A - s

ol

o oX
X
y o 25 =
> 1o

¥ 2
tilo

tlo oy

lOr__u
A4y B N
o >, Ml

ra
=3

o

“
42
i)
_1

ofl g r2

Fsto] AEEBHAE

8

ook P2 Hot
oo mle 2t -4 Wt lo
ro



2
Lo

tio

Aot

(1) 1Cr-1Mo-0.25V 79 =9 d3}Aol )3t
AN A st AgPe] uweh FEPE
VAZ=7} AstEy, FAAX 7 ol =
4€ Yeldo. o3 AL g3 1y
wet A8t FHAsA] il Yeus R
Sigad2l=

2) YAAHE o4 HAAMANFE A SH
AT K, #oEe 2xd W& 1Cr-1Mo-
025v 7o S AFS ATsA Horg 5 U
onj, J, #%e wEHR A Y LEs o
ol e} §23] FAsE 4L vehizn gl
on, Az gzt PPl wet HolLEs}

3 238 28 + A

() "2ANHE o] 8T FHAGAFL FREY
4 2o o FE I F
FAoFggdol disl AH-FAY HNAEES
3l FGriol AR F UL Aol

2t

B
o

B

fu

¢
o)
MR

i)
e

i

() B3E, 1991, Apr, “TL24u|e] BdE3e}
39", Joumal of KSME, Vol. 31, No. 3, pp.
251-260.

(2) R. Viswanathan, S. Gehl, 1991, "A Method for
Estimation of the Fracture Toughness of CrMoV
Rotor Steels Based on Composition”, Journal of

Engineering Materials and Technology
(Transactions of the ASME), Vol. 113, pp.
263-270.

(3) S. H. Nahm, A. Kim, K. M. Yu, C. M. Suh,
J. S. Park, 1996, Fall, "Evaluation of Toughness
Degradation of Cr-Mo-V Steel
Resistivity”, KSME, pp. 292-297.

(4) "Standard Test Method for Tension Testing of
Metallic Materials”, ASTM E8-95a, 1995, pp.
56-76.

(5) "Standard Test Method for Plane-Strain Fracture
Toughness of Metallic Materials", ASTM E399-90,
1995, pp. 412-442.

(6) “Standard Test Method for J,,, A Measure of

Fracture Toughness", ASTM ES813-87, 1995, pp.

Using  Electric

-584-

646-660.

(7) "Standard Test Method for Determining J-R
Curves", ASTM E1152-87, 1995, pp. 763-773.

® VAL, HFH, o]¢3%, &4, 1998, « AA
71718 CF8M2| 430C E3} SAlo ad a7,
QA7 7] 934, pp. 129-142.

© ARAR, 8718, #43, AsH, 1992, "E3}
A2 1Cr-1Mo-0.25V 78] 3120 A9 JICH Tmat
# 71", Proceeding of the 2nd Symposium on
Material Degradation and Life Prediction, 4'd%

s % £HE7tAT 3, pp. 27-55.



