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Abstract

In this study, investigations were conducted in calculating parameters of elastic and elastic-plastic fracture
mechanics using single specimen. The validity of these testing methods was judged by the confirmation
of multiple specimen method of stop block test. The results were as follows :

In order to measure a fracture toughness using the instrumented impact test, two general requirements

must be considered
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One, setting up proper impact velocity considered the effect of inert loading and the other, the necessity

of low blow test for obtaining true energy by the compliance correction.

It was possible to detect a crack initiation point by calculating the compliance changing rate from a load-

deflection curve.

Criterion of a stable crack growth, Tu. could be estimated by using key-curve method for a base metal,

and combining Kaiser's rebound compliance with Paris-Hutchinson’s T.. equation for the brittled zone

of welding heat affected.
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Table 1. Welding conditions and welding consumables
WELDING CONDITIONS
No. of Current Voltage Speed Interpass Heat Input
Side Pass 0:9) V) (em/min) Temp.(C) (KJ/em)

1 750 30 40 338
1st 2,3 750 34 40 250 383
4 750 A 50 306
5 950 36 50 410
2nd 6 7 750 k'3 50 250 306
8 750 H 40 383

Welding Welding AWS Wire Dia. .
Process Position Classification (mm) Polarity

AWS 517
SAW PLAT F7 A8EH14 4 DCRP
EH-14
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Bt ol N@H 3Fa Hedel UAE A
it ddete 7Hg st Y E sE WY 3
71€7] A8 A HEHIAA(C)ERH (1)
A3 AFHe HEHo|AL CE wjA MNAL) HT
ol C, & T3tk
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Fig. 2 Dynamic fracture toughness change with notch location
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2o HegolEzN 4AYE 7ES & Jdoh &84 T8 Ao A= SZW= oWl €] COD(Crack Opening Di-
(fusion line)oll ANl FIH FEojx 27te splacement) & ¥hgsing sy gy 2
Molol 27t Adslo) slovt el ShhE 9 g szwis shalel g he) Asal ) Qg so] ] o)
delolER FAHo] 9SS U4 4 Qu} o] ZEE B7P o2 JSME S0017 7+ 8 %o} Qi)

AT 25mm7HAE peak L7} B @ AE| Lol HEadddel A4 8L ol% 49 (mobile dis-
Egde) =d® Zlez AFHo! Hxte] sldeto] location) &l l8]l M&E, /AL o 24HAlol 9]
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FEF 38mmoldhE RA AT IA sty location) ©] o522 s 4ahy oo} CODY: 315

Fig 2278 & 4 1ol &84 (fusion line) A dosl= dA A9 & N#b o]He) B A 2 €

Fusion Line

Weld Metal Coarsed Grain Region Mixed Grain Region
Tmax > 1250C 1100C<Tmx < 1250°C

T )

HAZ 2mm HAZ 3mm HAZ 15mm
"~ Fine Grain Region " Partial Solution Region 1‘%—‘
900C < Tmax < 1100C 900C< Trax < 750°C am

Fig. 3 Microstructural change of weldment
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ZA Jerxtt.

Eg WE e $5u9 9% 2AE) 9t &
H37)e 2A AEHEE 0.1mm/min® 24m/s=2 3t
F&2 2 gL o SZWT ZHz 138um}t 155um
ol G FE AmmA P2 131um2} 130um= A &
Ax5tgch o]4e] ZF= Harrison® Kobayashi”
So] AMorek SZTW7F AFH Y A7) Fdd JIdE
uz) grevke Asel dxsigch weky 2 AY
oA #QtElmAl Ble A SFHAAFHYPA T
gel nMEFE e AUy S AL E
AEanfe] A4& FHE F Ut

ai
ES

3.4 CiY AHEE 0|8F By

Et - 24 majely

34.1 J-integral® Tearing Modulusol #3%

anz

ASTM E813—87 T3t 943 JAR G- Griffithd
7} Rice, Merkle-Corten®) 3MZo2 F=HAT &
&) &o] A9 Merkle-Corten@d2 FAISIE 27}
Homgy B Afd i Rie¥el HEA )&

48 A8 -2 34 9-% 9 =
Table 2. Variation of critical SZW with testing conditions
Test Temp. o o 5
Room Temp. —15C —35C —50C
Test
Base Metal 166 168 123 136
COD
HAZ 4 158 133 150 150
Base Metal. 155 120 160 130
b HAZ 4 130 110 126 142
(Burgers Vector) b¥t AFHA ARAES 2ttt ARt
3HA SZW.Sh ot Ed wA ] COD, & tH
AWz Jed & Uk Z, J=2A/Bb (5
A EE -8 WA o)ty HH(mm)
COD=2SZW_ * sin (4) B: Ad¥H AZ(mm)
o A27FYHH stretching® Wo| o]FE A4k b: AEAY 27PHE(mm)
@A SZWee AEel QY AxE Jehle JARge #gHT Slo] SY-wFEEZY A
oHPE A COD o Adde] emz Ay Nz AMFeg Fdo| EASE AL JREFS

Z7HA71H adAd e AHE rtAe

J-R I A E e AAY, 2719 g4
TEAGe Eboll 9&31Th7t tearingo] 2 ¢ DA
ojol A}, welr] BAAF cleavagedti = MuES
AN exe zH webA ol dANA Y dojd
T AUtk

ST Ao R 7HEIR 3459 St uh&
Asel aIZFAHGA ol AH FHS-HH, o]
3 L2 A tearing modulusi= (6) o2 Fejd
)9

T=E/os’XDJ/da 6)
o714 E : @445 (dyne/cn)
oo - 553 (dyne/cm)

Agel J-REAY 71&7]| 24 AlLE AL tearing

modulus, Toa®1® AR 7FZ Jakoll g FEA
o] vl2M AArsl= 212 applied tearing modulus,
T2l th ParisSol 9318 BAFTEATNE T >
Tra D LA HH,

AR ] sFE—He Mo zRE Hs}FH olF
312 — 9 749 rebound compliance, C.01 242
R2oke yeidn C& AN Ao HEH
Aoz Jehdn, FMHo1x] £ Z$ C2 dete]
e "ol

Aol 2Z Yo AZE BHF HAES B,
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A=
Au=Coq* P+A @

A7V Co: 22F ) BB ol
D: AgHel WA BN
woz olFold 3tk

dA=-Cr dp

dAw= (Cex\ - Cr) dp=— Cmdp (8
A7)M CoE—Cen+ C.2E ZHE rebound 7E2}9]
Az

A FEAFo] dojdn AlFH WY s 2
Zylo] W2 A= Aol dASA FA"D.
&, Bl #8989 dAW=0, dp=0°12& Cux >
C.=dD/dp?l 7d-$-ol Uoldr}

o] BAE Cou=08] WHAAFR Y HAESQ

—?~°1]E FEREZY 3H {IANE T, &
371 913 Paris®t Huchinsonol oJ8 A|otE 7+ 4
ANA C A C+CoE Y T 78 5 UTH2.

T.p=8bEb/2 X C— AcE/Woo (9)
o714 B: AEHY g7t HE A7 (mm)
2 XAH Al (mm)
At TEol 93 ¥ (mm)
oo - Tor%%a:!(dyne/ﬂﬁ)

A9 Ho2RE AFH Aol blunt A A BT

P-A#BAE o83 key-curve§® g o] £3}o]
b#tg T3 T.E 228 & Utk F5E9) (10)

Al
2]

PW/b*=k(A,/W)" (10)

HE blunt XA EH P-A0l g2e k9 n
&S 7 Y7PHERY) bE ¥ F Utk
=3 b=(P - W'k A")"? (1D

342 Key-Curve ol 2§t Tearing Modulus
o 24

key-curve©] W& HA| A|d¥ 9 =79} vlAH <l
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A& F215 blunt =32 subsizeA] P H 9] 81}
SHEF] BAZRE YANGH FYAAFS

dZ3t7] A WEelth A(12)F wEsE= ko) g
& subsizeAl FH-E o) f3lo] AHHo 2z ARy
o BA e FBE 4ammol] hE ke 742 Fig 49}
Fig. 5o Jehf A}

ol IYelA HML =XZAe7t FE subsizeX]
HYelN A28 3 F -89 THL X Yo tlsty
HERE Hold, AXe dA AlgHel Hos Jehy
Aojt},

key-curve *$'Hol o3t AMu} 7} Mo mae
o) st AW Fol A AAAEH FHAo)
T MWAEE subsize AlHHO kx| Zolel Brp
Aoz 77 k ngtdt 315, 28U FS 12) 4
WAt FERHE Aas A 4 gl

Aa=W—L[(PW"V/k » A"V 2+4,] (12)

Fig. 49 Fig 5% #aale $999%E dmmol
W# e YA subsizeA| L b Gaie)
F4270] 29T ¥ ohie} ARA YR Uehye
49 718717k FAste] FANA B3 Aol
Hgg o 4 Urh
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o

300 -

Kid (ko Ymm/mm?)

~

o

(=]
T
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- .‘:O - E;O - 10 R‘.T
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Fig. 4 Normalized load-displacement records for base
metal
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o2REH 2T F glon XEe 7 HAA FrE
A Rice JHO2 ANB YHoR ERHE
A3} stop blockAl @l #3 21& Fig 6°1 Al
HEARL 0|59 7)1&717ke A dAFT it O
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B2 4 Aok 3 99EE 4amme A P o Aol
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E 400
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Fig. 6 Comparison of J-R curve by key-curve method
and multiple specimen method
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