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How to compute G experimentally when nonlinear response is present?
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In none of these experiments a is increasing, \“&ij o
that is none of the experiments involve crack '(WQS@
propagation. é
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Still, we want to represent a fixed grip crack propagation \ 2
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* Rice proposes a method
to obtain J with only one
test for certain
geometries

cf. Anderson 3.2.5 for details

Crack Tip Opening Displacement (CTOD) versus J-integral

5.4. Crack tip opening displacement (CTOD),
relations with J and G

LEFM e
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Parallel to Rice's work in the USA, Wells in the UK looked at CTOD as a measure of nonlinear material response in the FPZ
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Estimates for CTOD:

MES524 Page 3



In many instances, LEFM, PFM, Traction-separation laws,
frictional laws, ... FPZ size is much larger than the
displacement scale of the model and typically the ratio is

proportional to E/éa
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The above estimate for CTOD was very crude and did not consider the actual solution of the problem with nonlinear
response.

Crack Tip Opening Displacement: Strig
vield model
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Stresses that yielded K=0
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Is there a relation between J and CTOD?
Both can measure the extent of nonlinear response, but are they related?
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CTOD-J relation

* When SSY is satisfied G = J so we expect:

G=mo,0 = |J=mo,0

* In fact this equation is valid well beyond validity of LEFM and SSY

E.g. for HRR solution Shih showed that:

EJ

i = 9% ]mrs}(ﬂ 1) ao, . j—
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» Jis obtained by 90 degree method: '

Deformed position corresponding to r* =rand
¢ = -1 forms 45 degree w.r.t crack tip)
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(P =-mT1Oorms 4> aegree w.r.t crack tip)
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Experimentally, one can measure CTOD and from there from the relation above compute J (this is another way to
experimentally measure J)
For the description of the experiment, please refer to Anderson:

N\ "

Plastic Hinge
0, _ r(W-a)
CMOD r(W-a)+a
T :rotational factor [-], between O and 1

For high elastic deformation contribution, elastic corrections should be added

similarity of triangles

When can we use LFEM, PFM, ...?
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So, when PFM HRR solution is no longer relevant?

HRR solution:
Stress singularity

HRR solution

,“‘pf’I

-

Log (¢/L)
J, LEFM solution

Stress is still singular but with a weaker power of singularity!
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Large Strain Analysis

T [

HRR Singulanty
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Limitations of HRR analysis , &9
o T e L2 ¢ (WA
e Small strain: € = % (Vu+VTu) d\p{ W ',(3045%‘0“ \
(accurate for € < 0.1) ~\0 JsSL
€= = T
e Small deformation theory (e.g., not using 1 9 < 5\: ( CC‘:’_ )
PK stresses, etc) o

C: Vu+)

e Elastic HRR model instead of plastic

111( )(l('f

e Crack tip blunting: = o,, =0
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From SSY to LSY

arge strain radius y,, x 8 (C ):6=0 K*
i i Mg‘i'*) SSY (Small Scale Yielding)
V\'\W S w I,uglo'“(

/3 .‘
plastic radiug: r, = O (F)
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1 7 :
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? 7/@(\9/ Q % > Ts ﬂy
.0 b Log rll /L
K-dominant radius: r, = O (%J—) & v
&: applied stress A (E ‘e Elastic plastic condition
€Ty, =
N
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Log (r/L)
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Mng LSY (Large Scale Yielding)
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- Large Strain Region

J-Dominated Zone

K-Dominated Zone

No Single-Parameter

Characterization Log (/L)

i k\r\’/gf Frocloe  procs! =

SY satisfied and gene
enerally have

\
— > elevant parameters:
og (r/L) 3
G fenergy) K (stress)

@)r NFM): SSY is
gradually violated and

Log(o,,) 7

S
\
/L \ Relevant parameters:
|
» ) (energy & used for stress)
Log (r/L) /i—f——gk._—)
s
[ LSY condition:
A . Log(a,,) ~REAN. =
B e sioin Region S No single parameter can
J-Dominated Zone /—& characterize fracutre!
K-Dominated Zone N @ Othel‘ parameters (e‘g. T
No Single-Parameter -
Characterization b > Stress, Q‘J, etC)
248 Log (1/L) 248 -
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LSY: When a single parameter (G, K, J,
CTOD) is not enough?

e Under considerable plastic deformation and crack propagation when
unloading and non-proportional zones grow out of J dominant zone
with crack propagation. Reasons are:

In J integral analysis plastic model was replaced by a

e

A Nonlinear vs plastic models

i e iy v
Unloading NS Stress g BN
\\N“‘“ o\
Maens
Crack growing out of J-
dominant zone Elastic-Plastic
Material
Aa J-Dominated
I‘—.' Zone
249 Strain
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