98 EAEtsg S =2

Mg sSHAFS s AN v LBB HEA
Dynamic Strain Aging2 ¥43g 244

FEA, AN E, AW, F71%, AL
(REAT9)
HABGA FHF NS 103-16

2 o

#Z2 59| 112% LBB(Leak Before Break)
F AgAFdslgel HEHE widol gihFoR ,
. Al AgAen GEaA BE B 5 A

FAGANY Haoll= &7 3&4357] o]
. 2
(DSA)S} o8 FH A&7} AAHA FeoE o

|

[o]

] Dynamic Strain Aging

)
Oko
2 fo
iy [‘}'_.
mE ofy

o
2
£
r-.

o

o]

T,
o 4
o,
N
S
[«30
o
N
i_

of o
| oot OE‘

B4 ZAFA DSAS dTe] g Eojot 3}, DSA e FAFHAIYG) 5
g=iojor g& 2735 stz ok B dFoA = DSA JMI olgt I AHE(J-R) B4
AAHE A A2 WA AuB I AFANEGLBB) AEA AA dHAFEN JIEFE 1R
Axed-g Hristed o g2t ASME Section HIIA &b427 o2 BF/

A HAgE nEetn, AARLE FETATE A5 SAS08 Class lasl Hdl F7 A4
oA &3te], €1 3&4E 71N S AELE SASI6-Gr.70 49 DSA J3 H7t A9}
ato] XA A FEZA ] DSARFE HrkstAT 25 ZEoRE DSA d%S
SA508 Class 1a9] J 2 dJ/dA #& F3] B or FAE o 50% o4 Fadle Aoz
k. oolz{st DSA J&8E nHsAS A wiFA ZA FHAP A= Weld-SAWY /T
o A, 2y @ LBB Mo 7 @& JT#E zE Weld-SAW Auto?]
2a%l J/THA= oAste FasHn vte & mgu® v E DSAZE vidAd J¢s F
T EFA] (] 2 dJ/dATE 50% ol & Abgdtty etz A didd LBB H & A7)
H2 g ¢ 7 AW F AAoAdAZ FI4 A8 B LBBE A E5t=dE DSA 93 A4
Hog Fodhz gus ZES Ak

2
Ol

b
N

-

P
i

B

by
=)
5=

Lo

N g
[
R

L ode o oo

=
El

2

H
P A
%

e
-
S )

e
e
A

N
o

il

fr |
N

1. ME
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Fig.1 Finite element model Fig.2 Finite element mesh at a cracktip
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EF FolY FIZHOl a8 7HAE B W FEaATA A% ] us dfdal o BAE BHE
A8kl #2320l a—Aa R a+oad B 27 B2y AARHE TP o2 RY Az F
gZolol i J-HERE ANsAT A7 ax FEBolY mlaFReld BHHoME o e
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Ka)=Ca*+ Cra+ Cy (6a)

3.43Y muld Wet nH

311 A O 2F % SegE
ASME Section III, Appendix IelA& Table 1.1 AA® Z%FF SA106 Glade B, SA516 Grade 70
2 SAS08 Class 38 ©@a7Zoz HFsn 718k Z& Low alloy steel2A HFsz vk =@
Table 1.1 ©J3t'd ASME Section II[8]o] 2} A% 3324 & SA106 Grade B, SA516 Glade 70 %
SA508 Class 1a ZlA Aol 2A AL ¢ + Uth »

PSS C Mn P S Si Cr Cu Mo Ni \Y%
7 0.30 0025 | 0025 | 010 | 040 | 040 | 015 040 | 008
SA106 Grade B 0.29-1.06 )
max max -max - min max max max max - max
0035 | 004
SA516 Grade 70|0.27-031 | 0.79-1.30 0.13-0.45
max max
0.25 0025 | 0025 | 025 0.45-0.60 0.05
SA508 Class 3 1.20-1.50 0.15~0.40 0.40-1.00
max max max max max max
03 0025 | 005 | _ | 02 1 0.4 .
SA508 Class la O loz0-135| V0P ® l0.15-040| *% 0.10 0 | 0%
max max max max max max max

Table.l. Chemical Composition of SA106 Grade B, SA516 Grade 70, SA508 Class 3and SA508
Class la specified ASME Sec. II

3.1.2 SA516 Grade 709 T34 W3 ]

Hong, J.HS[9]& Subsize Cv (5%5+254 mm) A& o} &3t 3-Point bend test® $=3 3} Crack
Initiation - 7}% 2 Load-displacement Curvesld i Load7t® &% Energy® Z Load rate ¥ &
23 Aok o] Ao W2™ 300 “ColA Load rate® 0.12 mm/min# € 97.8 mm/min7t2 ¥
gNZe o Crack Initiation 7421 2 &z Load”l 74419 %< Energy Table 2.9 Z23kth.

°]E Load ratee] ¥ 3ol w2} A5 F5 Energyt L 1 3o ¥Hs

Energy &3 93
Load Rate . . N .
Crack Initiation (inch-Ibs) 3 load =24l (inch-lbs)

0.12 mm/min - 33 : 62
0.987 mm/min 31 46
9.87 mm/min 28 ' 52
97.8 mm/min 32 56

HA4/3 ) 73% 71%

Table.2 Fracture Toughnesses of SA516 Grade 70
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3.1.3 SA508 Class 39 s34 Ws)

Kang, SXKI[10}7b AMAE SA508 Class 391 CT Algel Ao ofatd 008 mm/min¥ 30
mm/min Ato} ¢l Load rateel A Ji % dj/dAel ®atFa AFEAolAel Hdf Hie ¥lE= Table
3o AAHRT G71AM o2 A Ao ¥ L L F 3

| Load rate T dJ/dA
0.08 mm/min 305 216
0.5 mm/min 135 276
3.0 mn/min 12 212
Ha/H 39% 41%

Table.3 Fracture Toughness of SA508 Class 3

3.1.4 SA106 Grade Bel =314 W3}

IPIRG (International Piping Integrity Research Group) Program [11]¢] ZA3}e] ¢3ld 2z}
Quasi- Static (QS: dJ/dt : 0.12- 0.17 kJ/m/s) ¥ Dynamic (Dyn: dJ/dt: 295-520 kJ/m'/s) Load
rate7} 288 °CeollA ZF A Ao nRj= P32 Pipe A Eo wegt 2w O A7]E Table 4.9 &
ot & SA106 Grade B9l s34S Pipe AE3 Strain rate7} F7hgtel wet A gt ofefd
Strain rates}t =3 A #te] BA = Brickstad®! FEM AAZ#els 2 dx8ci1]]

C(mAE 43 Strain Rate 9% (Dyn/QS) —
Pipe A & Jie dJ/dA
6 inch . 82% 74.8 Battelle &4 gk, 23% side groove
16 inch 63% 55% Battelle &3 gk, 20% side groove

Table.d Fracture Toughness of SA106 Grade B

315 454 g7y va

Crack initiationo] ¥old w7} A&7t AFT & Y= P& SAS08 Class 3914 7H3 =2A 7
23gon o FX& AWM DSARRI 7R 2un wase) Yt ©AZ(SALE B, SA516
Grade 70)°l A4 ®t} DSA &37 =4 Jelwrtk(Table 5 &) £3l  Strain rate 7} Z7Fg o 24
300 °C 2AHA Hols A8 HAAHL SAS08 Class3dl A Hdl 1/39 F=Foz 43Ut

= g Ji & Crack initiation 7}=1 9] dJ/dA &2 F o load7t=] ¢
© %4 Energy U, F4n& %4 Energy "
SA106 Grade B . 63% 295%
SA516 Grade 70 Y 73% 71%
SAS08 Class 3 38% 41%

Table. 5 The Comparision of Fracture Toughness in the SA106 Grade B, SA516 Grade 70 and
SA508 Class 3

41 Hd AAQY F23 AF
FAAAde] Hofh Fa%e 311 oA vlsd ZFol dis) AHEH SA516 Grade 709 oF 30%
HEol A SA508 Class39 oF 60%7t419 M E Ho SAS08 Class 37F 713 && A 4
& 4ok oy CT) A8z Ao A1A4(NE 7€ o Load rater 2 05 mm/min
(4% 343571 J-R Test) o]B2 o] £5 & 7]F2o2 89 SAS08 Class 30149 #4a%S Fairw
Aog JedlA % -10%, d)/dACA o -20%7F BthE 238 F7hed welA shg B5EQ)
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A9 HdAL2EE SAI06 Grade Bel 7239 oF 40%2 F3 5+ ot

£33 SAS08 Class la¥ 3.1.1014 B Xo] ASME Section III, Appendix IolA SA106 Grade B¢}t &
A darRoeg E2EHA deon I A oM E Nig A Section A 2
Specification MEZE EBFHol gE  SA508 Class 33 FALslth 82 & SAS508 Class lax:
SAS08 Class 3014t SA106 Grade Bet Hl&3 DSA 93 A% S BdAHR FHde AL g9
dol Aot WM DSA 9% Bde BFAdE Hstd SA508 Class laZt 471 F AMEF SAL06
Grade B8} v =@ AFE 3t AR 71A T d7]d 8444 did AK{@E Jicol ‘daiNe
10%, dJ/dA dsirE 5%8 FH SA508 Class la 9 Jic ¥ dJ/dAd] diE 4 HaUuA 24

B A% s0%el Fol BEAY G EAN Y S Ao
42 €7 3&4%7) AA8de DSA ¥F

Fig 3% Figd€ 27 €3 3¢4%7] 223 % He@e) J/T M=otk JAHZuie} Solid Circleol
A7 Pipeel $4td3 wAY JTae YehlD YO0 PME Crack 2ol “2a"dlAel Applied

VT, UE, A2 2 92 71zt 24, DSA 43S n#d 24, Weld-SAW Autod] J/T A%E X
Alstal o A7l A9 J R dJ/dAE 27 50% FAAA DSA %L Y ZAe /T

M7} Welding-SAW Auto®] J/T e} A9 dx3AY o UL g& Holn

R dJ/dAE 75% B2 J/TAE

At =8 2A ]

AoAx e EHA-Ho | R dJ/dAE Y x2Hstn A5 S

il
2 & A
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5.4 B

(1) DSA 33%g 133 SA508 Class 1a8) J 2 dJ/dA e 338 B4H oz FAY of 0%AE
FAde Aoz d&go oladt DSA 9¥IE IS A WA EA ddydAE
Weld-SAW Auto® J/T & T2 Z43AU

(2) 23 4@ LBB 3|4 o] Weld-SAW Auto®] J/T 4=E 71&22 £3, LBB & d7 uzlo]
200% ol HAthe AL 1estd DSAY @Al uig dIFe &A% striels LBB 4
A= Y Fgo] v oz dddrh

(3) gAY B2 AFL 2GRl aFde 22 ZARds £4A49 $E-3EE DA 9
MM ZA-EE & F UAAJG 2 DSAY 4¥S v FAHGAMNGNME SHARD 2A)
b B EHo) A WRES & ¢ AAT

(4) 249 ] % dJ/dAE 47 75% Z2AZHE F o= d LBB Yol 58S ¢ = Ao

G AAMAEE g 22 L 349 FAAAHAY 1

Q

X

o oft
b

-3
le
o

r)l

o

o)

o

U 2
ofn
A
2

@
gL
ik
ich
2
e

6. #1=#

(1) Baird, ].D., "Dynamicv Strain Aging,”in The Inhomogeneity of Plastic Deformation, American
Society for Metals, Metals Park, Ohio, 1971, PP 191 - PP 222.

(2) Marschal, C.W., Landow, M.P, and Wilkowski, G.M.,"Effect of Dynamic Strain Aging on
Fracture Resistance of Carbon Steeis Operating at Light-Water Reactor Temperatures,
"Fracture Mechanics: 21th Symposium, ASTM STP 1074, ASTM, Philadelphia, 1990, PP 339
- PP 360.

(3) Marschal, CW., Landow, M.P., and Wilkowski, G.M., "Loading Rate Effects on Strength and
Fracture Toughness of Pipe Steels Used in Task 1 of the IPIRG Program, "Topical Report,

" Battelle, Columbus OH, Dec. 1989.

(@) FFAAHMA7I & “sddAFdAd AEEE 2 ALY, Nuclear Safety Information
Conference Dec. 1997. PP 483 - PP 510

(5) “Analysis of Experiments on Stainless Steel Flux Welds,”"NUREG/CR-4878, USNRC, 1987

6) FZPAEATL: BHuX, €3 3457 F wlF A9 FHE (J-R Curve) E4, T#3
%, Mar. 1993

(7) V.Kumar, M.German,C.F.Shih, 1981, ”"Engineering Approach for Elastic-Plastic Fracture
Analysis,"EPRI Report NP-1931.

(8) ASME Code Section II, Specification No. SA 106, SA 516 and SA508

(9) Hong, J.H., Chi, S.H., Kang, Y.H, Rheem, K.S and Mutty, K.L., "Effect of Neutron Irradiation
on Fracture Behaviors of A516 Gr.70 stee] and Armco Iron in the Dynamic Strain
Regime, "Proceedings of the Korean Nuclear Society Autum Meeting, Seoul, Korea, Oct. 1992.

(10) Kang, SK, Kim, LS., "Dynamic Strain-aging Effect on Fracture Toughness of Vessel
Steels,"Nuclear Tech., Vol. 97, Mar. 1992, PP 336 - 343.

(11) Brickstad, B.,"Numerical Analysis of IPIRG Cracked Pipe Experiments Subjected to Dynamic
and Cyclic Loading,” Int, J. Pres, Ves. & Piping, Vol, 33, 1993, PP 395 - pp 422.

(12) a2 dA8EATA BaM, A2 JzZhAui A8 24 SAS16-Gr.70 42l DSA 93 #Ho} (
/A A (J-R) B4), &3 F, Nov. 1997.

- 311 -

ol



