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Fracture Toughness Evaluation of Small Notched Specimen
in Consideration of Notch Effect and Loading Rate
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Abstract : Notch effect and loading rate dependency on fracture toughness were considered when evaluating
fracture toughness of small notched specimens using the instrumented impact test. Notch effect was analyzed
into stress redistribution effect and stress relaxation with a viewpoint of stress triaxiality. Stress redistribution
effect was corrected by introducing effective crack length, which was the sum of actual crack length and plastic
zone size. Stress relaxation effect was also corrected using elastic stress concentration factor, which would
decrease if plastic deformation occurred. As a result, corrected fracture toughness of the notched specimen was
very consistent with the reference fracture toughness obtained using precracked specimen. In addition, limiting
notch root radius, below which fracture toughness was independent of notch radius, was observed and
discussed. Loading rate dependency on fracture toughness, which was obtained from the static three point
bending test and the instrumented impact test, was also discussed with stress field in plastic zone ahead of
a notch and fracture based on stress control mechanism.
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Fig. 1. Schematic illustration of transverse contraction that
occurs ahead of a crack/notch.
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Fig. 2. Correction of Irwin plastic zone.
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Fig. 3. Stress concentration factors as a function of notch
bluntness ratio.
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Table 1. (a) Chemical compositions (wt%) and (b) mechanical properties of materials used in this study.

@

Elements C Mn P

Si Ni Cr Mo A% Cu Al

Chemical composition(wt%) 0.21 136  0.007

0.24 0.92 0.21

0.49 0.005 0.03 0.022

®)

Temperature

Yield strength (MPa)

Tensile strength (MPa)

RT
-196°C

457 602
918 968

200E1;n

(@) (d)

C))

Fig. 4. Micro-views of various notch root radius specimens;
() 60 um, (b) 120 um, (c) 180 pim and (d) 250 um.
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Fig. 5. Fracture toughness as a function of notch root radius
under dynamic loading; (a) apparent, (b) effective and (c) notch
effect corrected.
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Fig. 6. Fracture toughness as a function of notch root radius
under static loading; (a) apparent, (b) effective and (c) notch
effect corrected.

Fig. 7. An optical micrograph of SA 508 cl. 3 steel.
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Fig. 8. SEM micrographs of fracture origin locations; (a) precracked, (b) p =90 pm, (c) p = 150 pm and (d) p = 210 pm.
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Fig. 9. Schematic of cleavage initiation at the carbide particle
ahead of (a) a crack and (b) a notch.
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dulggo] EYE AlBelN dojr 7EEe FUA3 2l
A X 8Hgith.

3. XA whgol dig FHQAY o2 RE A W] F7t
oz Braiz B gol dAE A o] EAY
& & ol 9A X3 ¥ cldte] A¥dMe F
Udg 7 A FholM dA HHAE B 2 FUE &
ol o3 Fdo] A4sle] mxi7t dojut A7Igo] Lot
2)7] @EolAUtt

4. AAEFNMe] THAA (Kic, 46.70 MPam'?pP] 533}
ZFoM e B3 AH(Kp, 32.78 MPam'H) R} F &, ol
Ayery skt wyr|eed 4A §8 Alold] st
o) it 2, 35 £x71 FUHN wE ARy &
Yol 3717} o foldld Rl st HU.
3, FAEMAHceNE ARG dFe B
7 #BEE o,, o, po 5Y 3F &k JEHOBRH
Zo] 758 Ao BT
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