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Critical Considerations on the Criteria for Brittle Fracture Initiation

by Takeshi Kanazawa, Member Hiroshi Mimura,
Susumu Machida, Member Takashi Miyata, Member

Yukito Hagiwara, Member
Summary

The current engineering fracture criteria K, @, and ;" for brittle fracture initiation are:
critically reviewed. analytically and experimentally.

The followings are obtained conclusively :

(1) The fracture initiation in existence of residual stress, say due to welding performance,
pre-loading etc., is explained equally well by @; or oc* criterion, but not by K, criterion.

(2) @, criterion is refered to qualifying examination as a fracture criterion throughout the-
small & large scale yielding regions. It is confirmed that COD test on small specimen,
can predict the fracture behaviour of large specimen or structural member.

(3) The value of @, is dependent on degree of triaxiality of stress or plastic constraint (notch_

acuity, plate thickness, structural constraint etc.) as well as temperature.
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Fig. 2 (a) : fracture stress after pre-loading

Fig. 2 Schematic representation of fracture stress estimated from @, and w,* criterion,
and residual stress distribution ahead of the crack tip at final loading
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Fig. 2 (b) : fracture stress of specimen with welding residual stress
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Fig. 2 (c) : fracture stress of specimen with residual stress by pre-loading
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Fig. 2 (d) : fracture stress of specimen with welding residual stress

after pre-loading
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Fig. 2 (e) : fracture stress on compressing and stretching specimen
with residual stress
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Table 2 Mechanical properties and chemical compositions of the material used for testing

Yield |Tensile

Chemical Compositions (%)
Point |Strength

Elonga-

(kg/mm?)| kg/mm? (a/t§°“ C | Si |Mn|Mo|Cul P | s
Mild Steel
Steel A | V309 Cord Rolled)| 51 62 0.19 |<0.05) 0.63 0.02 | 0.019| 0.023
Steel B | Mild Steel 25.3| 42.7| 31 (017 0.211 048] —| —|0 012 0.015
Steel C | Forgings 70 87 22 | 0.27| 0.06 0.29 | 0.45 | 0.15 | 0.009 0.015
Steel D | Mild Steel 28 43 30 |0.18| 0.040.76| —| — |0.012 0.021

Table 3 Specimen size of side notched tension test under some stress cycles

‘ Plate Width l Plate Thickness Notch Depth
(mm) (mm) (mm)

Specimen I Steel A 50 3 10

Specimen I Steel B 90 10 20
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Fig. 6 Measured fracture stress curves of large and small size specimen

((a) Steel B, (b) Steel D)
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