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Generalization of J integral

* Dynamic loading
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* |nitial strains (e.g. thermal loading
* |nitial stress from pore pressures

v

ANk HAI'ML

2Ny edy Yoree_

7 Nonlgps

> <049

For more general setting (dynamic loading, complex non-elastic
material response, non-traction free crack surfaces, etc.) refer to

cf. Saouma 13.11 & 13.12 for details

We'll also talk about generalization of J integral when we are in the
computational section.
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Basically even for the linear case, computing J is the preferred method for calculating K !
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Now that we know how G (energy release rate) extends to NLFM all left is to also extend the local stress solution to
NLFM

5.3. 5. Plastic crack tip fields; Hutchinson,
Rice and Rosengren (HRR) solution

Ramberg—-0Osgood model
T - l
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So Ramberg-Osgood model provides a very realistic response of materials even if plastic
deformation happens as long as there is no plastic unloading.
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Ramberg-0Osgood for oo = 0.01
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Same argument

Hutchinson, Rice and
Rosengren(HRR) solution

« Near crack tip “plastic” strains dominate:

+ Assume the following r dependence for ¢ and ¢
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1. Bounded energy:
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2. &-c relation *
Yy = nx

If one actually solves the asymptotic stress solution around a crack tip
with Osgood strain response:

6\&\’?““) HRR solution:
» N

L ocal stress P‘ield based on J
— S\V\"al)\"( _
oo+ Final form of HRR sol '. :/ h{/\ S\MS HRR solution

<] J plays the rolemdm\&
k for local o, ¢, u fields
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Have we been able to resolve the dilemma of stress going to infinity around the crack tip?

NO (unfortunately!!)
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HRR solution
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Stress is still singular but with a weaker power of singularity!

Going back to the relation between Kand J
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Do the J integrals provide a way to calculate Kl and KlI for a mixed in-plane fracture problem?
(Obviously we are focusing on LFEM) '
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B E plane strain
N TI}? plane stress
Note that if K = a. Ky = b is a solution the
general solution is:

Kr==xa Kg==xband K; = b, Kjj = xa

5.3. 4. Energy Release Rate,
crack growth and R curves

Already know how to evaluate J1 = G from contour integral

Can we evaluate J from experiments, say load displacement history, but now for nonlinear elastic material (or
elastic/plastic with no unloading)

Goal: Obtain J from P-A Curvefzi P
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. Load Control (P fixed, ‘reases): / l
1. Load Control (P fixed, u increases) /ﬁ = -
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