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Effect of Notch Length and Shape on Critical Crack
Opening Displacement of Flat Plate with Surface Notch

Mitsuo TSUKAMOTO and Kenji HADA*

(Received September 1, 1998)

Fracture parameters, e.g. K-value, J-integral or crack opening displacement, give evaluations of fracture
toughness for material with large crack length. Crack length existing in structures, however, is less than a few
percent in comparison with other geometrical dimensions. Investigations are conducted into the effect of
notch length or geometry, including small cracks, on fracture criterion, which is critical crack opening dis-
placement. Single-side surface notched specimens are extracted from mild steel with about 0.6-1.0mm notch
length representing rates of about 3-50% of plate thickness. Tensile tests were carried out at room tempera-
tures: 253K and 223K — The shorter the notch length, the larger the crack opening displacement in notched
flat plate. In notched flat plate with long notch length, no effect of notch length on critical crack opening
displacement is recognized, and its critical crack opening displacement is coincide with critical crack opening
displacement in 3-point bending test with deep notch which has the rate, which is the rate of notch length to
plate width, of 0.5. The results show that critical crack opening displacement, in notched flat plate with short
notch length, remarkably increases. The effect of geometry of crack tip is not recognized.

Key words : notch length, crack opening displacement, surface notch, tensile test, mild steel
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2. 8 R

2.1 #EAH

YIREMOBEIZRIZTURZRESI EBROZEBERANRD DI, YYREEIH 06 ~ 10mm D
RIEEERRIYIR EMERNWTEEERBRERBEL 2. M OERS % Table 1 1IZRT.

EBRICHEN RV OWEEZIEET 5202, BV /v F v VEFHERR & 3 &#ilF CoD
RB2ER L. TORRE, HEMOBEESIEEIL T=286K T, TXIFEBEEIL T,=277K
Ths.

INSOBBLVZOHBEHRRANEZCEDLLUTOZREZIIERBROBES LTRELE.

1) SE2MfEEE 3 % 223K

2) EMEFHREEMES THEBEET S 253K

3) EHEEZTHER

COZREICDWTHER 6mm OAEE FATEHOIE 40mm , #HRE 20mm OFIEFEREH N THIE
RBzETo7=. BONERRIEN oy EBIERE o, % Table 2 IZRT.

22 REBRAR
221 ERRERETE®

Figl IKEBRA K, TEBLVOYREDHMEZRY. RBRAIIREFERTRIEEETHDH
RIEEYIREMER NS, YIRELIRGIROLKE T B-OBBUIR EM LIEH T ERMO_fEEE
AELE. YIREES b1 06 ~ 10mm, HEHEXER (JOAWEICK 2 XEEHEBEOES)
LT, $13~50% ERHEBICA (LI e, IR ZERIEGRAROBEKZICa> NNL—5F
TRHAILZEBEZE AW, £, UIRERREROEEZARNSLOICYIRELHER p 21 0.1mm
& 0.5mm OEREYIRZZFE L. EHE2RUILHLED Omm ITHYT 3.

222 ERBAE

BIRRRICIIAR 1.906MN OBFERNFERBEE AW, B, MEIURZEZFZES
RBEBEDMUERIEL, RBHRLE. BRICBOLWTRS A VYA —Y (ESRESR 150mm) , KRS
BWTRNA BT —2 (ELARER 140mm) ZHW:.

Table 1 Chemical composition of material used

Material Chemical composition (mass%)
Si Mn P S

0.23 0.22 082 0.016 0.005

SB42

Table 2 Mechanical properties of material used

oy (MPa) oy (MPa)
Test temperature
Round bar Flat plate Round bar Flat plate
Room Temperature (284K) 274 281 489 492
253K 297 306 532 562
223K 336 324 561 581

Oy : Yield stress, oy : Ultimate tensile strength
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Fig.1 Specimen geometry
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Fig.2 DBCS model in notched specimen under tension
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Fig.3 Models used convert single edge notched specimen into center notched specimen
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4. ZRAOZMOERLHE LS EORAEICRIZTIRERS LRROKE

4.1 ENFAOEMTRUIEREE)

Figs.4, 5, 6IXZIR (297~301K) , 253K, 223KOFREICBIIZ5RABROIEH (FOXE
71) & COD OBRERLEZDbDTHS. Figdla) id, BR (297~301K) BT 2RI R EHIT
DWW, Figdb) i3, BRITHBIIDEHFFERMIZOWT, Figbl) 13253KIC BT 2HMYI K Z 41,
Fig.5(b) 13253KIC BT BEH T ZRMITDOWT, Figbld223KIK BT DI FERMIZONT, Th
FURLZBOTH . KRESHHOBROEMBEBYIRETEWNERBITDONTREL RS
BEZH 5. iz, RA COD EIIH/ATEROD COD b, YIRZHENWNILBBIZONTKE
<o TW5, YREEMBROBBIIFEAERS R,

42 RA=RAOBMICKIZFTIRERS ERRDOFE

Fig 7 IR R R E MM REZ B 29 & 5 748253K & 223KIZ BT BFRA COD fEEYIREEX D
BIFRZRY. Fig7(a) & 253K, Fig.7(b) iZ 223K KDWTRLAEDDTHS. 253K iKBWT, &
KEEZRELEbDIE, BRFERO COD EZRMEEL, RFIBRVOT Oy A TRLUE.
72 BIRF COD i EBEIRH & OIRBERE R B 72010, BN EYIREES ORI ZRFIRICE
RUTz. B ORBENT ERAMEHT 2 O TR L 723 R TaRIC K 2BRA COD DS DEHHETH 2.
i, PO oy i3, ZORECBTSFHEERE DV RDEBERIENERLTHD, ROBHRHELY
INEWYIRZRE T, YREMOZOAMHEIIERL TSI EZRL TS, LT, J/nD
A 2WHERRBICHEE T DL I RYREESE b AVNI WS (253K Tk b 2%6mmELF, 223K
T b A 25mm BF) BN TIE, YIREFEIVZENLDRENEEITHAT, BR COD fEnE
L<HEMTS. —F4, FOXWEIERETIC oy LTORITHET 2L aIREEINKEN
%46, BRI COD fEIZ3 e TiRERIC k> TH S NRA COD HIZIFIEF—H,T 3.
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Fig.4 Nominal stress vs. COD curves at room temperature
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Fig.5 Nominal stress vs. COD curves at 253K
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Fig.6 Nominal stress vs. COD curves for fatigue precracked specimen at 223K
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Fig.7 Effect of notch length on critical COD or fracture stress

(o}
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Notch < %@ Plastic Notch
Nal i Nal
Elastic
o}
(a) Long notch (b) Short notch

Fig.8 Schematic illustrations of deformation behavior in plastic region for long notch or short notch
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