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A Study on the Evaluation of the Fracture Toughness for the Narrow Gap
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Abstract: The fracture toughness for the LBB analysis of piping is generally determined by the J-integral
according to ASTM E1820. However, since this evaluates a base metal, the fracture toughness for narrow gap
welding can be differently than the real value. This study evaluated the plastic 1 factor of the narrow gap
welding part of a nuclear piping with SAS5S08 Cl.la and SA312 TP316. Also, it performed the fracture
toughness test for the narrow gap welding part and applied the new plastic 5 factor equation by Huh, et al.
and then compared the results with those according with the ASTM standard.

o 9 |-)|'

2~

T

]
H

T1Euh ASTM E18200 Ao} 9= 9704
LA = of Ba Ao slEHon FAAY BYA BE
gk Aol7] wiitell, &4 AlgHe] A9 Al
gjiﬁfjiﬁ fiafif; Zfa'lj :Ef‘i; el 2)7he E(igament)7h §41Furh of A& 7
= s S0t H-go] Mesitta A Yokt
5 A&shH &=t (doubled ended guillotine Ho ke ukA ko] AREE HHT 7S o)
break; DEGB) A A& A&t F§ Hu Xﬂ =L TZE wje] &4 Wi o R A &% (narrow gap
AAnES A 5 s ¥ oty & welding)o] o] AREET QT AN SHS 84
WD T4 B} IR, A § A Zo] )& g Hlslel 7] el 4 A RE
AEE AR 7hestal 7“4/\}744 dAE S do| Wol Ash= B4 w Aa7te] 84 a&
A7) oldol k! ol2idk LBB AAES $3% Aoletal oA Qlrk 7|E &5dHel vl SFAIRE
Yq’j"]?_]/‘é(J-R ‘Ellﬁ)%, dulx oz ASTM E18207 o] UEL]y] W] LR 4E 9 wd ga
of wE RS TRstel A5, Aol gau Aol Atk @A AN 83
§ o] RS 2000d% A 9 SHRE FAse)s) of tigh tiF-Ee] AT+ S84 1HA Frtel H
(2009. 4. 23-24, AF) WFI=FQ) FHo] ot A wi A 2 Sl Fash
¥ Corresponding Author, yong@skku.edu LBB d|4o] Hgal= AGE S8 w 9t} ©




68 CIE

71 vl

7(4;‘7;01

LR A ek sl el 7
wolxl ASTM EI1820°1] A|A=o] ¢l 1}
F|o1 o] 3k Alo] A8 27

A gHel A9, §8%o /e = ¥
7] o] 20 WA Eak) w}aH A
84100 71 ATVl A=) 9 shaiel gl v
§l— /\13 &II%EL _4_34012\-101 1;]]% E].E;ﬂ =
A9 gl BAlgel Akt olsh g BANE
A7) Slae AAd 81 54 F S
of R A F oo Fa A SHRY FE

E7tY(strength mismatch)?} 85 ZF(weld width) 5]
RS At gk Qe tighk Ao] Hgsitt

g AP E 7o ASTM E1820°] 2|3 J-
A2 SR AAAFES AEHS AR
o o3 ol Jostar vk

J=Jy (H
K2(1 - 1/2) nApl

0:17101]}\1’ ‘]Cl:T’ l]1)l: BNb

n=2+0.522(b/ W) )

oW, nAlFEtal FE5 v TR Adgeln, 4,

IF

J_:,L
*]—F He] Mol A WA o], By FAlOA
H S(side groove)s M zlo] ]‘1] b'— ﬂﬂ‘ﬂEo]E}

04_9_ ‘:(8)0 CT A

=
o

= L [}

Al BRRE 9 Aet EXH“&&% %L*é% 73%
of e SAEE thEA Ve gize @ Ao
NS AE] e a4 pAF BT 9IS
e AojRtal Azstel Ui SRAE e R
ST A Budst 84F skl me fdes
A4g sk 43 54S wEd 24 A5 A
@)= Akl

= ol A= ASTMOﬂ A A] = of 91% A A

i
o ore
*0,
ox

tio

dols v %om %0}04 Rk
R

oo & o
<o B oox
% o o
o,
% fo
o
4,

2

v
O:

Base metal [

] HAZ
b (Initial ligament) g—r
> ‘Weld metal

height

} HAZ

Base metal

W (Specimen width) B (Thickness)/2
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Fig. 6 Verification of the suggested plastic n factor
equation (weld width : 16 mm)

Rl 4= ATk CT AlgHS o838 /i &4
5o gl Alg Al R wE gl7PHES]
A717F 2157 H=d, ool wet ASTM A3 4]
& 7Fs 211 o] f7PET 84 FET ol #}
S A9-= wEsH Hew pwrb 2k oA
&4 nAlTF7E ASTMOl| AAJE 24 Al
213 dx|stofo gty mEba] AR HE o] 8T

nAF A el fIxstaL AE A
WA b/W=0.21, n=2.11% A3}
sto] thga} o] A AT 2 4)

gﬂx o

n=[3.43(w—1.2)][(My— 1)+ 0.522] 4)

((b/ W)—0.21)+2.11

W,

weld width

A7NA, w= 7

specimen height



70 3 & AR AR - FEA
Table 1 Chemical composition of materials (wt %)
Materials C Si Mn P S Ni Cr Mo
SA508 Cl.1a 0.20 0.22 1.15 0.01 0.002 0.22 0.096 0.056
SA312 TP316 0.08 0.75 2.00 0.04 0.03 12.0 17.0 1.50
Table 2 Welding condition Hol| o HS Fasle] &L HolE F2ls
Filler Metal %t SA508 Clla &3 A A AlFH H
Materials Welding Method | AWS Size L g4 Zo] 16mm ©]H, SA312 TP316 &7 A
STREN class (mm) Feld A|FHo &HES g mmolt}.
.la
to 508 Clla Graw  |PR70S-6 ASTM E8°l W} 1mmmin®] &= QgL
o ) . 0.9
SA312 TP316 | (machine Welding) ER308L Z=8)3}93 01 Table 39 Q1AAE A= et
to SA312 TP316

Table 3 Mechanical properties of the narrow gap

welding part

. Ultimate
Region Yield strength strength
(MPa) (MPa)
SA508 Cl.1a
Base metal 330 S18
SA508 Cl.la
Weld Part 398 527
SA312 TP316 276 557
Base metal
SA312 TP316
Weld part 420 625
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Table 4 Summary of fracture toughness test results

Test Specimen Ji C
Regi ' . i 1
egion Te(rr}é)) No. Weld Width (ke /mz) (e /mg) C,
SA508 Cl.1a to SA508 Cl.1a 508NGW-J1 16 482.5 557.4 0.485
Narrow gap weld part 316 S508NGW-J2 302.5 436.4 0.596
SA312 TP316 to SA312 TP316 316NGW-J1 3 1398.7 1062.4 0.372
narrow gap weld part 316NGW-J2 1546.8 1094.6 0.416

Table 5 Results of the fracture toughness test by the suggested plastic n equation

Test Specimen y/ C
R . ) . IC 1
egion Te?olé)) No. Weld Width (k) /mg) (kJ /mz) C,
508NGW-J1 4223 515.3 0.504
A 1.1 A 1.

SA308 Clla to SAS08 Cl.3a 316 508NGW-J2 16 3133 410.9 0.547
316NGW-J1 1014.9 8418 0411
SA312 TP316 to SA312 TP316 316NGW-12 8 1033.1 809.8 0517
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Fig. 7 Comparison of J-R curves between ASTM and
suggested plastic 7 equation(SA508 Cl.1a)
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