The J integral




Applications the J-integral
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Applications the J-integral
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J integral for double cantilever beam, if each cantilever is pulled by a distributed
load P, as shown

Example 3:
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The chosen path 7°is BCDEFH and it coincides with the body contour.
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Contour of the crack; therefore, J=Jg-+JcpHIpetIertdey -:
Jgc o As bending moment is zero, bending B T
stress is zero. So, =0 ; |
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—_ T aid Assuming:
OX « Asmall element of length @y on the path then ds= ay
* Along y-direction u; =v
——j T —dy  Length is /7so limits are 0 to A.
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stresses are very small, which in turn, make wand 7,negligible. == J . =0
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Now we can find & using the bending moment equation; Bending moment = P*x
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Nonlinear Energy Release Rate
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« Similar to linear elastic materials, the energy release rate defines for nonlinear
elastic materials, except that Gis replaced by J: dII

T dA
The IT is the potential energy and A is crack area: I[m=U —-F

U'is the strain energy stored in the body and Fis the work done by external forces.

Consider a cracked plate which exhibits a nonlinear load—displacement curve, If
the plate has unit thickness, A = a, ﬁ‘ P

For load control: TT=U —PA=-U" LoadA p gy
The U* is the complementary strain
energy,: <_>"_,|
P
U~ =[AdP .
0
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Displacement
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Nonlinear Energy Release Rate
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In the load control: (dU *j
J=| —
da ), ]
If the crack advances at a fixed displacement, £= 0, and Jis given by: J = —(aj
A
dU* for load control differs from —dU for displacement control by the amount

15dPA, which is vanishingly small compared to dU. Therefore, J for load control is
equal to J for displacement control.

by
» The Jin terms of load and displacement:
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Applications the J-integral

Example 4: -\

Write the general expression for the J-integral for anti-plane shear, i.e. mode IlI.

Using the dominant elastic singularity, shrink the J-contour down to the crack tip
and prove, by direct calculation, that K :

J :j(w n,—T. au‘}is
r aXl

Path for the calculation of J-integral
where I Is the path along which the J-integral is calculated, w=c;¢;;/2 Is the strain
energy density for linear elastic material, 7, is the component of the outward unit
normal n in the x,-direction, 7; =o;n; and u; are, respectively, the traction and
displacement vectors along I" and ds is differential arc length.
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Example 4:

For a crack under conditions of mode |11 deformation:

( A

—sin —
{013}: Ku | 7 2| o, = 2K [r . ¢
o 27r 0 u \2n 2

COS —

\ J

For mode 111 deformation, the strain energy density is:

1 1Ky ) Ky
W = 033813 + 053803 2013%4'0-23;—2 25(01234'0-223): ( . j:472',2r

Traction: T,=T,=0

T, =0,N, +0,N, =0,,C080+0,,Sin0

_ Ky (=sin Qcos@+cosgsin Q) =
27y 2 2 N2xr 2
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Example 4:

Displacement Derivative: Since the displacement «; is a function of the polar
coordinates rand &

Uy _ U, OF au o0 =( R sing)(cose)+(K'“ ,/ ' cosg)(—isine)
OoX, Or oOX, 86? OX,  u27xr 2 u \N2r 27 r

The J-integral for mode 111 deformation is:
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Applications the J-integral

Double-edge-notched tension (DENT)
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Applications the J-integral

Double-edge-notched tension (DENT)
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Laboratory Measurementh_
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Laboratory Measurement

Computing the Jintegral is
somewhat difficult when the
material is nonlinear

U vs. crack length

at various fixed
displacements




