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J-ESTIMATION FORMULAS FOR TOUGHNESS MEASUREMENTS ON STRAIN HARDENING
MATERIALS

R. Bradford
CEGB South Western Region
Bedminster Dowm, Bridguwater Road, Bristol BS13 84N, UK

In deriving toughness values from tests in the post-yield regime,
use is often made of J estimation formulas which correlate J with the
area U under the load-displacement curve, e.g.,

J = nu/A _ (1)
Ay

v

where A is the uncracked ligament area and N is a dimensionless factor.

In general, the assumptions of elastic or perfectly plastic behaviour
will give different values for n. To account for this fact, a common
procedure 1s to split the area U, in some way, into an "elastic" and
a "plastic" part, U = U, + U,. The two different n factors are then
incorporated into the estimage by putting, for example,

J = (neUe + npUp)/A (2)

In addition, U, may be defined by having a 'blank" (uncracked) energy
subtracted from it. Eqn. (2) is essentially just an interpolation
between the elastic and extreme plastic regimes. In this report we
suggest an alternative technique of interpolation which involves the
use of the empirical load-displacement curve to derive 1 in (1) as a
function of the applied displacement. This smoother interpolation is
less arbitrary than that of (2) and may be important for strongly
strain hardening materials. In additiom, it is probably better suit-

- ed to empirical derivations of J at loads less than those required to

cause crack.growth, e.g., for use in deducing 'assessment" diagrams.

‘The method is described below.

Firsﬁiy; the'éipérimental load-displacement curve is approximated
by the form

F =SD ‘ D <D
G F =Rl FL/Fs (O /D) 7] D>

'L;‘:._M

where F = load, D = displacement, and $§ = elastic stiffness. The
parameters F, , FL’ and n are chosen so as to fit the observed curve
at the cracleength of interest (D, is defined by F_/S). The fitted
curve deviates from linearity at d%splacement D an& tends asymptoti-
cally to a maximum load of FM as D + =,
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Secondly, we assume that the maximum load can be written

By = CB(W - a)® (4)

where W - a = the uncracked ligament length; B = the uncracked ligament
thickness; and C,q = some constants.

Lastly, we assume that the ratio F_/F , as well as the parameters
n, a, and C, are independent of the crack length a. Identifying J
with the energy release rate,

J =- (1/B) 3U/3a (5)

(the derivative being carried out at constant D), and noting that this,
with (1), leads to ’

dS/da = - n, S/ (W - a) (6)

in the LEFM regime, it is a matter of simple algebra to derive n from

(1) for D > DL’ as

N S
Xy - X,
where
%= By~ 5D (n, - 20) + By /B SaD
v
(F/F) -1 : e : :
X, = —3 = {lon, - (H)alF (SD) " + e - n) F } (D
i : '
Xy =F _'. FM+ FM_/FLV sD :

L /F ) - '
ML n 1-n
W ST {F SDT -

ol
"

Eqns.(7) thus glve n as a function of the displacement D in terms of
the shape of the observed load-displacement curve as represented by

the parameters F,, F , and n, and also the elastic stiffness S. Putting

D =D in (7) gives y = n,» as it should, and similarly letting Dow
gives n+a, which is the usual value adopted for n in (2). For inter-
mediate displacements, (7) interpolates n betweeR these extremes. The

Int Jowrn of Fracture 25 (1984)

I
i
13
’




// R9

alternative J estimation scheme proposed here will therefore be of

most relevance when n and a(= n_) are substantially different. The
author has found this to be the tase for some mode 1T (shear) specimens
but, not, for example, for €ompact t ension specimens.

In practice, 7n is determined from an LEFM stress analysis (either
via dS/da or via K), whereas a is determined from the limit behaviour.
%t should be emphasised that 1. 1s NOT the same as the eta factor
occurring in, say, (2) when sugtraction of the blank energy is includ-
ed in the definition of Ue’ since no subtraction has been used in .

Care should be taken to remove any extraneous displacements from the
T

load-displacement curve before fitting to the form of (3). Prefoerably,

agreement with a theoretical (LEFM) valyg of S should be obtaiu: ..
Also, we note that the area U eatering (1) should be the area under
the empirical curve rather than the fit, the latter being used only to
determine n. Finally in (7) we have assiggd nfl. For m = 1, intepra-
tion gives terms in log D in place of D f1-n.
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