A Concept of Combined Micro and Macro
Fracture Mechanics to Brittle Fracture

By
T. Yokobori,
Professor of Mechanical Engng, Tohoku Univ., Sendai, Japan,
A. Kamei,
Dr. of Mechanical Engng, Ibid.,
and T. Kogawa,
Kawasaki Heavy Industry Res. Lab., Kobe.

§ 1. Introduction

Resal materials contain inevitably both stress con-
centrators as cracks or notches snd 3s dislocations,
thet is, both macroscopic and microscopic one. From
this viewpoint, s concept of combined micro and macro
fracture mechanics isg proposed to brittle ffacture.
§ 2. Local critical tensile stress criterion

Let us denote local tensile stress O, in the body
uncer simple tension. Then whatever the detailed model
may be, locasl tensile stress criterion is written as:

, Oen + Oidimax = FESI, 1)

where QOpn 2nd Ok are locsl tensile stresses st the site
concerned caused by microscopic and macroscopic defects,

Tespectively, end (X is geom=trical factor.

This is general srgument. Then, in the present

section, for example, let u

w

éssume a model of plestica-
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11y induced propagetion of the crsck ss shown in rig.l.
het is, a3t the crsck tip dislocations sre initisted =nd
spread into the body snd
the btip stress is relaxed.
On bthe other hand, dis-
locstions sre formed by
multiplication near by

snd move toward the

crack tip, and may pile

up at the obstacle, such

38 3 grain boundary.

Then high local tensile

.
stress appears near the ..h_4
dislocation pile-up, and Fig.l Schematic illustration of an

_ example of a model of combined
the crack extends to this micro-and~macro fracture me-

chanics approach

point.- The process will

be repeated, and thus the crack propagation will occur.
In this case of materisls showing strain hardening, when
the plastic zone is very small compared with the crack
length, the plasstic tensile stress distribution in the
direction at 3 point (IGKC)O) near the crack tip is as
shown in Fig.l'. On the other hand, stress relaxstion

will occur at the crack tip. Let us denote by a the

zone of stress relsxation, then the real plastic tensile

For the case the plsstic zone size is fsr much
smaller than the creck length, elastic approximation
was used in the previous articles.”?

stress cistribution is as shown in Fig.l. It is to be
noted that Op is not obtained by simple sum of Oanond Oga
when the crack tip snd the piled up point are clcsé)as in
this case, although it may be understood that ]Gl\m‘x will
be nesr the piled-up. Taking into interaction of the
two, =nd using approximation, we get fimally the brittle

fracture stress O¢ of this type as follows:

v L
* —
where X =2,/Z)_-,,/,¢\,,J R*= J2(h-2)Rs % snd A,= constants de
pendent on materisl end loading mode. It can be seen
that the calculated value of O¢ (by Eq.(2)) exceeds
stomic cohesive force when using reasonable values of
parameters.
Eq.(2) is also rewrittcn in terms of fracture tough-
ness Kc as: _
»*
Ke=ot[ 2 +m-2)} . @
¢ d 2

It is, however, .noted that Kc in Eq.(3 ) or in this line
of consideration is included as the local concentrsted
stress, but not zs the stress field as in usual macro-
scopic frescture mechanics%) Further in macroscopic
frzcture mechanics it is fundsmentally sssumed that the
stress st the crack tip could not exceed the yield stress,
6}, snd thus as for the fracture model, a slipping-off
mechanismf)say, rupture named by Orowa;)has been used.
However, as described above, the stress st the crack tip
may exceed atomic cohesion, much larger than the yield

stress, and a slipping-off mechanism or critical dis-
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placement criterion might not be Necesssry. 54.(2) ig a
least qualitatively in good agreement with tre dsts on
the effect of notch length Cy, and ferrite grain cize,
d on low-stress brittle frecture of one and the same low

carbon steel sg shown in Fig,p.
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Fig.2 Effect of ferrite grain diameter 2d onp brittle fracture stress of

~ the one and the Same material as in Fig.3

§ 3. Energy unstsble
criterion
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Fig.3 Effect of the crack length ¢ on J

brittle fracture stress of 0.04% clave ig much smagller
carben steel,

than the crack length, if ywe neglect the interaction of
)

T
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dition. 1In the csse in

o

the defects of the two types, then we 3et2

Ke 2~ ‘/E(X+XP) } (4)

I - 431

Justifiea to examine the
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where U% 1s the energy dissipated by the plastic defor-
mation. Eq.(4) is Lhe same type as'Griffith's formula,
¢ns alsc the formuls frequently used in macroscopic
4)
fracture mechanics. Thus it should be noted that a
fracture criterion dssuming 3 critical value of K, thst
is, K¢ in macroscopic fracture mechsnics is one corre-
sponding to s special case of combined micro and macro
fracture mechsnics.
S 4. Discussion
It should be noted that the stress intensity factor
has s significance ss s messure of local stress concen-
trated for the local tensile stress criterion and, on the
other hand, ss the crack tip stress field for the energy
unstsble condition. In general, the two requirements
mentioned above should be fulfiled for the crack props -
gation. The fracture stress will ccrrespond to higher
vslue of the two. Which of the two requirements is
critical is future problem needed to be studied.
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