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Effect of Notch Acuity on Critical COD

by Takeshi Kanazawa*, Member Susumu Machida*, AMember

Masahiro Toyosada**, Member Shuzi Aihara™** Member

Summary

In the previous paper, one of the authors proposed the idea that critical CODs (§;) obtained
by fracture toughness tests using fatigue pre-cracked specimens can be quantitatively predicted
by the test using machined notch specimens. The idea was deduced from the fact that the
displacement at a notch tip of an idealized machined notch whose shape is a part of rectangle
is very loosely related to a plastic zone size and is therefore considered not to be intimately
related with fracture initiation.

As for 3-point bending COD test specimens, the equation which
fracture toughness of a fatigue pre-crack from mouth COD obtained by using a machined notch
specimen has been already given and was approximately verified by comparison between &,
obtained by fatigue pre-cracked COD tests and §, estimated for fracture toughness of fatigue
pre-crack from machined notch COD tests.

After the publication of the previous paper, a great number of 3-point bending COD tests
for several materials whose specimen has a fatigue pre-crack or a machined notch and is
made of same steel plate were carried out for the joint study of Japan Welding Engineering
Society. In this paper, these test data in addition to previous data were analyzed using the
equation. Analytical results show that probability of occurrence of §, estimated for fracture
toughness of fatigue pre-crack by machined notch specimens is same as that of §, obtained by
fatigue pre-cracked specimens.

Moreover, the method quantifying the effect of notch acuity on critical CODs for wide plate
tension test specimens is conducted to follow the idea. Test results show that this method
is available for critical CODs of wide plate tension tests and that §, from 3-point bending COD
tests accord with §; from wide plate tension tests.
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Fig. 13 The difference between the eftect of

notch acuity on §, for center notched
tension specimens and that for 3-point
bend COD test specimens
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190 HEERFLH

XE F148 7

EERBW—FHERL TNBZ Ed kb, LinLichib
—161°C DEMYIR{T Deep Notch EEsF o@D
Onet/0y 1% 0.18 TH Y, Fig.7 TRLI L1 5, H
Vi) LRABELR-TED, ZOREFIEL 6.2 @
52 Tw530EBbhb,

Fig. 13 13 TM ZEAYTHAbhiEE (7 25
mm) @ Deep Notch RE&E X OGI/RA=ZSHFREED
BBEERTHD, C OBRBTIIERY XMARBRE 0K
IR 0. 4mm BB I T 5, BRYIAO= A
B D 5% Deep Notch BB LB B 6.0 {E,
BLIOEFBEMGOZEMHITHEED 5412 Deep Notch
HENDELL 6 EOMEDREBCIIEEEIIND
LRI WEHEITE, Bo—FEH Twv % Kt
%o —H=AMITHER L Deep Notch REATHERTIR
BT 0 ERHETHEHEIEL-TED, SEA
Tl% Deep Notch HEATE LIS 6 HOHH= ST
BBCTHELIRD 0 HXDVHALMELI LT D, &
TERETRZOEIEEVIEL VB L5355
Nbo COBPRRLUTO L wEETES,

ThbbilfITRL L S RZAHTRBRTIE, B
FRIEFMTEDLRD 6 fE (05 LERYIXMTELR
5 0c fH (OcM) Dk 6.7/6M TRBHIEX W L
DERBEORERFEEL T, % oM ot aT
SAMEERR T CORBTIXZD 6M 1359 0. 1mm T
#%o —J7 Deep Notch HERK D411t Fig 5 iR
LIcX S EBAMERET TE BT, 0 2k bizy
OF18MINEL It o T Bs ZHIEV (@) 2 040/0yD
N B EZATAHN 0 ThWiEE D-M = F A CIES
5L K DBENEL AT LREEL TV
D LB, Via) HFHET & Deep Notch RERK
CBWTH 650N 235D 6M DLz ATERMERR
FTEONEREPEBONDITTREREL BB LsL 6.F/8.M
DEAMEEZRTEL TS, LRRETCOEREENDES
T, 8F8M BRANE IR AEED M IS AR R
20PN ETAHTELDLLIDEEL RS, =
SR ERS X O Deep Notch BRI I\ T B 204
CHLTULHEED Jc EXRISOELY 52 TN5 2 &hn
BEZTC, LROZ EHERRAND LRI D S,
ER=R R & Deep Notch REATHL TW3X%0
EHE»EEIND,

D EDREENSE 2 T 2 W=400mm ¢ a/ W=0, 4~
0.6, d<0.4 DFH 0net/0y>0.2 BERB(3), (4),
(5) AL »T, §c ECRITTHIREEEDEA
HTX %0 0na/ovy<0.2 BEOEHME VAL TD §
EIEAEMEL b VWEETA Y, ERMTIER
DHEC L HFHETTHTHS L Bbh b, KBRBRKE
BORE STBERIL 3N B AR AR TERERER

I BEENINLE L Bo
4 #% B

ARRIC L > TELOIRERYENTHEUTO L
i3,

(1) BEORMZSHTRBRA BB 2,7
F=UBEMIY (1) Rk » THRE St available
COD (3.* fB) 1%, EFFRENZAHIFRBTELRL™
BRF COD fH (6 fB) ELIEERIV—FKEZRL, X
DIWEDHBRHEERDBEEINL o Liehis TESF
BAMZSAHMTRROR Y CERORAZ SRR
BRI EERBRE L CERTE S,

(2) Deep Notch BHERZ I\ T available COD 1.
(4) RTEHEZLN B0 1L Ones/0y (Ones : F v MG
73, oy BRED<0.2 BEOESHPE LS E
T (3) A2 d LR EMEEEL (4) XxER
% L{EE D available COD f% 52 %, ZD X 5%
BIGH VSV TRYRESRIE D 2 EEL 72 D-M =51
ZRI% COD EDFERNNEL R B,

(3> Deep Notch HBRIZHWTOYREDEN J,
(non-available COD) (1588, 51§ 2W=400mm, a/ W=
0.4~0.6 (a: §IR¥R), YIRERIF d<0.4mm D
& (5) RTHELBRh %,

(4) Deep Notch FEIZ$\T3 available COD
B3, EFTEHEAMM»LEBONGRA COD E 6 LA
W—EH Il

(5) UIRN=SETHEH, Deep Notch BHERH D
WINRORBRRFEAWTYS, BEFTFEEMTCELRBE
F COD B, RIUVERUXRMTELID available
COD BBz =3,

(6) UIRLFENRF COD fHs 2 28 y/x
N=RTRE A & Deep Notch HBA TR %, A%
Figas 400mm DfE#E Deep Notch REAF-TCIX, HiK
NEZ2RMTERR X0 SURLHEENER COD Eirk
ETRIRIT N E

IR BABRC OV UL B ABEHESMEES FIC &£
B, TMZREODOTF—2%F L L TUHERIE O
Wito ¥ FTC £EE, HASMFELRENNZEE
ZH 1 THESOEREMCII AR LIEBCE LR
Himr oo T I RBBREMKBELEL T35

2 £ X W

1) ASTM : Standard Test Method for PLANE-
STRAIN FRACTURE TOUGHNESS OF ME-
TALLIC MATERIALS, ASTM Designation,
E 399-74 (1974) p.471.

2) BSI : Methods for Crack opening displacement
(COD) testing, BS 5762 (1979).

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

DNEWHER  EETHEC IV RET 8LV
TR B R IR BT 5 BT, BABMFESR

[RFE COD BB TUIRRHFEDOHEE 191
99
material : MB(t=20mm)
90 Yesting temperature : —~20°C

X, #5144 5(1978), p. 352.

4) EHME: iy CODRBE k5 Notch Acu-
ity R OEELE T —RE, BEXERFS
X, 51435 (1978) p.455.

5) BAERAEBE BERM /747 VA VYEETS
W, BARENAGMTS FTC R84, B
53, 54 HE, BRESBIEXT.

6) BSI: Methods for Crack Opening Displacement
(COD) Testing, DD 19 (1972).

7) &SRR, WEYE, TEE JIFEER: FEETS
OB AZEAL /KO RENIFENFEMOWT,
AARERELRTE, F146 5 (1979 p. 444

8) HABREDS: HUEBBEOREHRECESIHE
DM EH EREDOTE T 5L EPFE, SHEE
2BRERS TM ZELHANTEGEEREE (B
50 £ 11 ).

9) . EMRARtv# BENBORT2TRT 5 AN
%, MEmsE, IMC £R4& (BAs5143 H).

10) D. S.Dugdale : Yielding of Steel Sheets Conta-
ining Slits, J. Mech. Phy. Solids, Vol.8
(1960) p.100.

11) BAERHERS R oKEks X 0 EERR O
BEREECBET s REMERESE (GBI, &R
4 RR3M FH4&, ¥k 59R (BEF52 43 A).

12) T.Ingham, G. R. Egan, D. Elliot, T.C.Har-
rison : The Effect of Geometry on the Inter-
pretation of COD Test Data, Instn Meah.
Ergrs. C 54 (1971), p.200.

A ERIFECLBREHO
COD &

Fig. A-1 11840 (BB 20mm) » #HL ¢, —20°C »
Fig. A—EE T, BEHTEU»HEL cURM=Z AT
REL, RBCI3FRECISERTAEYRZRAL
e PIR G SRR Y 20 BEREh ThfTiny, Wells
ORD Lbh f EERD, TOREEANEREHEAELL
R Thio 0 EOFHERTHECISEHMO
HH, EHFTEAUMNIVIRTHS. FLTHERKIS
BUMDOHN, EHFFEBEM IV I AT Y P E 0,

EYBEANBARCEBEZERBLEATIVYAL—TR
IV EEEENEL, TOLOHELHEREC LD TR
RehEdELLDRLN, MMHATHECI - TEMNYE
AThz Xy, FERIENEER2EZEL, TE
AERBCITENEETAFEELRLASkbLbELbh
Do BEOELRILERD 6 HOEBELERNT ) 21
HETELL, WEOCEELHABEE LLOHSEHBE
TELDOT, FLONEEREHECERLW, EHER
WALERSPELERTY, 0 ECRMlinENE
UhvEHTESNTFEUN L ETCORBRTRRE SR
TWBIEMLELTREDREVNHIEELEL TV 5
IosreBbhb,

o : fatigue pre-crack
e : pre-comprassion crack

50

Cumulative Frequency (%)

o \ pre-compression crack
2F / fatigue
pre-crack
|+
1 ] 1 1 11 lI 1 ] L
02 05 i 2 3 4 5

Critical COD &c (mm)

Fig. A-1 Difference between the distribution for ¢
value deviaticn obtained by using fatigue
pre-cracked specimens and that by pre-
compression cracked specimens

1$3B Wells O & BS 5762 ©xK?

D Bz

FIRGZHAMFRRT2Z Y v 75 - BN, 8%
s COD § BB T 52 Wells wxvb5Ezb
h, <o BSI 0 Draft® 1 1972 EHEEH
oo FOFRIL (1) KT V=0 ELbDOTHY, =
DAL I - TRDOID O EOT —2DEEB L UFE
LHOBENR IR TE, TORR L »THERL 6 E
& Deep Notch REATELN S § HRAFERLIFL
FRECBELW—KETRL TR, Wells ORXBIERAELES
hEECTHRENEEYXE 2B LN hETCOMETH
BHLTWw3, Ll 1979 fic BSI HEMNAWEZ h,
UIRGZEABTIRB»S 6 HE2E 250 To0 &K 28 BS
57629 L LCHEI o
E2(1—y®)  0.4(W—a)Vp
20yE 0.4W40.6a+z

L, K SHIBKRER

Vpi 79 » 74 =SB0 BHERS
filik (1) RERLC TR ERT
T Ko ECHEELHFMT %0
WEBENES K E WEIB R B\ Tk rotational
factor'® ¥ N TWMIT B & FEL DR D, Wells 0K T
1 7=0.45, BS 5762 © (B-1) X<k r=0.4 ¢H b,
a/W=0.5 DBEI L KRErCEBRME
I 14

— -0
VT 741 (B-2)

Lirb, BS5762 i sz Wells o X5 %h
D0.921 f§+ 7%, Fig. B-1 1 FTC ER & Tfiimbh
e a/W=0.5 o IRMGZRMTFRBCEEORT I D &
ExRDTOEREARNCERTHY, 5y F3d5
L4 1L BS 5762 TH 15 8 fEOFHF 2 Wells 05K
TE25 S EXDIEHERSTWB, £LTERD
KENCFEEOFERE FHNCRIREL—FELTW5, L

S
0=

(B-1D
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Fo s o TEBYI R A 25 BS 6762 THTET 2 EFTE

BN D 0 ERHEET I IZ (1) RTHE2 % 6 E:

0.921 BETHIEEVWLDEEZBN S,
LhrL—Fzh¥to Wells oRc I -TEBRD
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Fig. B-1 Comparison between §, from Well’s equation and §, from BS 5762’s equation

hBboiI,

8 {EAS, fhDREBHA (flx1¥ Deep Notch HER)F) T
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