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CTOD experimental
determination ,

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

similarity of triangles

For high elastic deformation contribution, elastic corrections should be added
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5.3. 6. Small scale yielding (SSY) versus large
scale yielding (LSY)

We already observed 3 length scales for the fracture: Jix?;
- Singular dominant zone size (LENGTH) Vg o9 s
- Fracture Process zone size (LENGTH) { o« k;z °
- Crack opening displacement (DISPLACEMENT) r j}'

We want to discuss the interaction of these length scales:

First, we examine the accuracy of the HRR solution very close to the crack tip:

ME524 Page 3



L|m|tat|ons of HRR solution

PEPRNY \"\
Limitations of HRR analysis

1(Vu +VTu) \‘\\@’{,\\ ! n=10

) \‘\/—")4.5‘

e Small strain: ¢ = 3
(accurate for € < 0.

Large Strain Analysis

HRR Singulanty

; o
e Small deformation theory (e.g., not using »
PK stresses, etc) o

e Elastic HRR model instead of plastic
model

€ Stress Ficld Influenced
by Crack Blunting

e Crack tip blunting: = 0,, =0
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McMeeking and Parks, ASTM STP 668,
ASTM 1979

d: Crack tip opening
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From SSY to LSY

Large strain radius r,, o< § (CTOD): § = 0 (—;’-‘i\)\
1NN

SSY (Small Scale Yielding)
T KT, KT, =

-2
plastic radius: r, = O (L)
o3

K-dominant radius: r, = O (%3—)

g - S & e\ Al

Tj le\\ \m\\x {‘K// \ (\eo\ aal j: gd Q\JJ\\
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Elastic plastic condition
R TpRsr; =

a: applied stress -
Log(a_“,)

= <1, hi x (i) =~ 1
',i’- \ rp s oy )
Log (/L) \K\)
SS% \/\0 \QV\jV \/\D\\A

\% LE/FF/\ 0
K ol Gﬁ ( Lﬁ? M\ - \/m\\l&

In this case we can use J to get local stress solution:

* Final form of HRR solution:
EJ \#T _
Oij = 09 (m) Gij(n,0) _(T
3 €ij =%(L)m€”(n.ﬁ)
J plays the role of K for
local G, €, u fields

acgl,r

AND J itself is still the energy release rate

Case 3:

led] TN LSV(Large Scale Yielding)

\e

- Large Strain Region \,,/ n R Tp

J-Dominated Zone \ . 5 -
K-Dominated Zone \ \ Note that r_,, x (T!)
No Single-Parameter o

Characterization Log (#/L)

When we end up with case 3 (Large scale yielding that cannot be characterized with J alone)?
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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:

— Unloading: In J integral analysis plastic model was replaced by a

nonlinear solid

- Single-parameter identification not valid since various stress com-

ponents increase at different rates

A Nonlinear vs plastic models

3 Nonproportional
Elastic R 2 i
Unloading Plastic Loading Stress e ‘A:,\as\\\,
NO aates 1ol

277, Crack growing out of J-

77/ “ dominant zone

Elastic-Plastic
Material

= 249 Strain

From SSY to LSY

LEFM:S&/Lisﬁedand gener
have Genera!ly have

0
( 5'\<< @ yy:\f %& <

Relevant parameters:
G (energy) K (stress)

PFM (or NFM): SSY is

Log(s,,)

I.ugtoj_‘l i
gradually violated and
| =
g = O'y
. Relevant parameters:
|
oy ® ) (energy & used for stress)
‘i - - .
Logto| = = g \ LSY condition:

- Large Strain Region

g - No single parameter can
. & .
J-Dominated Zone /\ characterize fracutre!
K-Dominated Zone
e ) J + other parameters (e.g. T

No Single-Parameter \

Characterization o Stress, Q'.I, etc)
248 Log (/L) 248

Aside from the role of T stress in LSY, T stress is quite important in fracture mechanics.
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What's T stress?

LSY: When a single parameter (G, K, J,
CTOD) is not enough? T stress

Y s
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Crack solution using V-Notch
* Sharp crack e
=T om0

Ap = 5 with n = 1,3,4,-- -(n = 2 constant stress) ‘,\ 1/ .\"-Ia
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Roles of T stress:

dtld— )

- Crack propagation T stress > 0 helps to stabilize crack path

N

=
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Second role that is relevant to the current discussion:

-— e =g = s = —--—v-o--- - — v ——

e Higher order terms in stress expansion: T 0 0
KI 0_1'_1: o—:!.‘.‘i.‘
— T stress (linear analysis) 0y =7 -f@)+10 0 0 T Tr"
v 0 0 . T

+ Constant 7., in LEFM expansion y T

+ Nondimensional biaxiality ratio: 3 = r—,‘-\-r—' plane strain
+ Example 3 = —1 for mode-I crack in infinite domain. !
* T stress redistributes plastic stress s f= Tvza /
4 lone l r ], wotrv flaading conflonration = K, SE
+ J(T) depend on particular geometry /loading configuration 2
. P > a5 _
+ Effect of T(3) on toughness: = r /
= SENT’
=
= —
" DT
. T . — P oo T - R
High (+) T = Constrained (triaxial) stress = Toughness “, Ductility , 2 ™
Low (-) T = Lose constraint = Toughness 7~ Ductility 7 A —
. R . i R R . . o 01 02 43 04 05 06 07 08
# T stress also influnces crack path stabilitv (particularv in dvnamie fracture) alW
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