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As it is well-known, the energy consumed in crack ex-
panding in the elasto-plastic medium for a unit length

is é%g-; for the sake of convenience we will call this
value T,
U
T =-__g. (1)
If an object is regarded as a unit thickness, U can
be defined as
u -jAWdA- }otrlul ds 2)

where W is the strain energy density, and Ct is the
part of area A focused by force T;.

It is generally known that the crack expanding

force in linear elastic materials is
U 41 .2
°1 = ~za " g X1 3

where i/is the shear modulus, Y the Poisson rate, for
plain stress k -_%_513,; plein strain Kk = 3 - 4V, and
K1 is the stress strength factor.

From (1) and (a) we cen say that T integration is
in fact a development of G. The constitutive equation
for nonlinear elasticity is the only one to be choosen
to determine elastic-plastic deformation if the plas-
tie deformation theory is available.

To nonlinear elastic materials, based _on the think-
ing and consideration of virtual work [1], the above
T integration could be recognized as the apparent
crack expanding force, the equation for virtual work
becoming the generalized T intagration. Thus, (1)
could be taken as an energy balance for the crack body,
and T integration is used to indicate the fracture e-
nergy for the length unit of crack expanding.
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So as to make easier the physical concept of w in
(2), (wP+ w&) can be used to replace w, and w® and wP
are respectively the densities of the elastic strain
energy [%], and of the plastic strain energy, thus the
formula becomes:

3 - oa - (/F
and we have tao nonlinear q}astic materials:
ES.
e ¢y
W= [, 6, des (5)
The relation of complete strain and separate strain
is:
é“j - 6[! + £[J' (6)

The above relations, through interferencing and
calculating on balance equation, Green formula, and the
principle of virtual work, finally we have:

P
e, d £l
= v 2 i) =
T frVdX1+fA 6’:1 bx4 dA !r-l;(j‘Jols (7)
The nature of T integration has nothing to do with
the choice of the way of integration, which is clearly
shown in the following demonstration.

We may take an enclosed loop B contained in a plas-
tic zone as an example, in consideration of the prin-
ciple of virtual work, thus we have:

230y (. DEi (8
JBT 5% os fAGLJ Sx, dA )
and along the enclosed loop, we have

_ (2w S
Ly = §, [Mecbrs =T Uy, gols]= [ [ - 6 S ]lA (0
The above formula - to which the differential rela-
tionship between Hook’s law and complex function is
applied - will give:

e P P
(e dii & 3 - (¢ 2 a0 - G.2EIHA (10)
LB_L[GZI _j—;j GEJ )x4]O(A Aql )X,, oA AP EIRY.#

If such a result is applied, the enclosed loop (see

Figure 2) isP=1] + [+ |3+ [, and let AL be the glas-
tic zone contained in [/ , A3z 'that one is [3 and A/~> the

plastic zone between G’and E;, and Aﬁ = Ag + A"s,
therefore: P
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- [
=6V T ds] = - [ 6 250, (11)

A p 1l 3 X,

Attentionfghould be paid to the fact that on the en-
closed loop /, and /; are the free surfaces of the
crack, without ady force on them, i.e. T1 = 0, making
zero the second term on the 1éft half of T integral
formula, and it is in direction of XI axle, dx, = 0,

making zero the first term; therefore the integration
of [y and /] are both zero, and the direction of /{ and
I; are opposite, thus

y 3 P
e J”'f [V % —EU"“)IS] "fm [V OIXZ"EU"’”h]: —LLBPGM' BBEX‘, oA
and A;S = A; - A% . therefore we can have (42)

Jm [Veolxl-—,: Ui 4 o(SL— f(_,3 f\/eolxz =Tl 4.00%])

. BET ééf.

“[{N PG}jhsjj_dA.-j;3P6;f TEEL‘JA]

= yEfy Y7 (13)

f"\"’(;"i D Xy OIA+§A1P[J' 3 X, ol A

from which we get i
e T 9 & of
$ra [ olx, =1y U’””[S]’FfA’pGVl ) éx: DlAfo
e o
. Woolx, ~T U, , ofs 6. EL 14
oy (Voo T ], 6, 2ELdA (14
Thus the T relativeness of the integral value and

the choice of the integrating approach in (7) has been
proved.

For a further demonstration the nature and the app-
lied scope of T integration, we are able to make a
comparison of T integration and the commonly used J in-
tegration. In T integral formula both the elastic part
and the plastic part are represented. And we have all
known that for ideal elastic materials, the elastic

strain Ef} = 0; the elastic strain eneray W stored in

loading upon the material is equal to elastic strain
energy W® uncharged in unloading from the material, i.e.
W = W*®, therefore (7) becomes:

s e P..
ML W v (6 3 ap [ Ty, ds]
. fF Wolx, ~{F7;u4,,pls (15)

232



FAILURE ANALYSIS - THEORY AND PRACTICE - ECF7

so to say that T = J.

This means that J integration only fits into ideal
elastic materials, while T integration fits into elas-
tic-plastic materials; J integration can only pretest
the cracking state of cracks, while T integration can
also pretest the sub-critical expanding of cracks and
the whole process of the instable expanding, too.

It can also be seen from the comparison of calcula-
tion and testing results in Figure 3, that there is a
better fit between their tendencies and values.
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