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ABSTRACT

The use of fracture mechanics in the post
yield regime is reviewed and compared with published
fracture toughness tests on the Aluminium Alloy 2014-T6
at 20°K and 300%°K. It is shown that the difference in
the measured fracture toughness at the two temperatures
srises from the change in tensile properties in that

temperature range.
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LTRODUCTION

It is now well established that, provided :s.:ain require-
7ents concerning crack length and thickness are satisfieu, linear
2lastic fracture mechanics can be used to specify critic:’ defe-t
sizes. 1In this note we consider the situation when the - 22k length
requirement is violated: that is where the crack length is less than
the characteristic length (ch/cy)z, where oy is the material yield
stress. We shall assume throughout that the thickness is sufficient
to maintain plane strain conditions.

Orange (1971) has recently collected together data from
fracture toughness tests in the post yield region and has attempted to
interpret these results by a modification of Irwins (1962) result

2
ch

where O¢ is the applied stress at fracture, 2c the crack length and

= "onfz [c + %/2] e )

S 1s the plastic zone size which in L.E.F.M, is proportional to the
Square of the stress intensity factor. Q is a geometric factor.

Orange's (1971) expression for the fracture stress may be written in

the form Klu

Jg = eee (2)
nQ? fevack, fo )21

where a ig 3 constant,l/nqz, which depends only on the

geometry, %y is the ultimate 3trength and Klu is Orange's 'modified
fracture toughness parameter’. Clearly if c >> (Klulcu)2 this
reduces to the familiar result O¢ a c-’, whilst if ¢ << (Klu/ou)2

9¢ * 0,and equation (2) has the correct behaviour for short and long
crack lengths. However, it is usual to Present the results of
fracture toughness tests in the form of a plot of the apparent
fracture toughness against crack length and, provided the thickness
requirement is satisfied, the apparent fracture toughness increases

as the crack length increases reaching a 'constant' value when
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- 3 =
c > (ch/cy)z. Orange's modification of the Irwin theory is unable
to predict this behaviour. In this note we show that if the effects
of plastic relaxation at the crack tip are treated self-consistently
then the form of the fracture stress against crack length curves and
the apparent fracture toughness against crack length curves agree with
the experimental data.

THE APPARENT FRACTURE TOUGHNESS AS A FUNCTION OF CRACK LENGTH

We adopt, for simplicity, the Vitvitskii-Leonov (1960),
Bilby, Cottrell, Swinden (1963) model of fracture. In this model
there is a relative displacement at the crack tip, §(c), by virtue

of the plastic relaxation there:
A(I-V)olc

= ln(sec %)} N &)

where 9 is a stress which is characteristic of the strength of the

§(c) =

material, p and v are the shear modulus and Poisson's ratio
respectively. Fracture occurs when this displacement exceeds some

critical value Gc so that

¢
Cottrell (1963) defines the surface energy as the work under the

o = 0og when §(c) = § cee (8)

force displacement curve so we have

2
2y = Glac - (l—v)l(1c /2u oew (5)
Combining equations (3), (4) and (5) gives the fracture conditions
2
nK
2 -1 1
gg = T 0, cos {exp—(s—;—)} oes  (6)
0’1 [

If ¢ >> (ch/cl)2 then equation (6) reduces to the familiar Griffith-
Irwin result whilst if c + o, Of > 0y Thus we set 9, equal to the
ultimate tensile stress of the material (see ﬁeald, Spink and
Worthington, 1972). The apparent fracture toughness is defined in

the usual way
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_4-
2
i - nK
KA = n/vr_c_c:£ - 20“I (%) cos l{exp —(ﬁ)} eee (D)
u

It is clear from this expression that KA* 0 as € + 0 and that KA + K

le
as ¢ becomes large. Both equations (6) and (7) have the same

behaviour as all the data collected by Orange (1971). 1In Figure 1

equation (7) is compared with the experimental data of Pendleberry

(1962) on 2014-Tb Aluminium sheet at 20°K and 300°K. We have replaced

¢ in equation (7) by ch to account for the crack geometry,
DISCUSSION
=299 10N

It was found when comparing Pendleberry's data with

equation (7) that the value of ch calculated using this expression
-3/
was 27 MNm 3/2 (30 k.s.i. Yin) at both 20%k and 300°k despite the

larger apparent toughness at 20°K. The difference in the two curves

arises from the different tensile strengths of the materials at the

fwo temperatures, i.e. the U.T.S. is 687 Mvm~2 (99,7 k.s.i.) at 20°K

and 497 MNm-z (72 k.s.i.) at 300°%k. The agreement between equation (7)

and the experimental results is good.
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ALUMINIUM ALLOY 2014 -Te

® 300K Qy=721Kk.s.i

020K Oy= 99.7k.s.i.
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