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> What is IIT?

> Evaluation of materials properties
- Strength
- Residual stress

- Fracture toughness
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Introduction
Specimens for tensile test Specimens for fracture test
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[
In-situ & In-field System

Simple & fast

Convenient
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Non-destructive & Local test
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A novel method to characterize mechanical properties

A Load

T

Loading

Unloading Hardness
Elastic modulus

Tensile properties
Residual stress
Fracture toughness
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Depth

Indentation load-depth curve
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B.H.N.=

Brinell (1900): defining as the ratio of the load to the surface area,

2L
D’ -1~ (d/ DY’ |
* L: applied load

‘ » d: diameter of residual impression

* D: diameter of the ball indenter

4L 4A[d )m‘z

Meyer (1908): defining as the ratio of the load to the projected area, P, = - L \D

« A: material constant
‘ * m: Meyer index (= n+2)

O’Neill (1944): expressing d/D as the indentation strain, plotting p,, against d/D

o~

- d
Tabor (1950): representing the uniaxial stress and strain, o, = p? & = 0-25

* 0, € representative stress, strain
* w: plastic constraint factor (=2.8-3.0)
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Strength
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Spherical Instrumented indentation test
éStepl Indentation with a spherical indenter
Determining contact area D .
taking into consideration es Eorce-depth curve
plastic pile-up/sink-in ' / \ H L LT pt g
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D Fitting to constitutive equation and Depth (um)
¢ S.te- 2 . evaluating tensile properties ‘
Defining stress and strain state
in materials underneath spherical indenter 4 Representative . .
as representative stress and strain - Tensile properties
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-W.C. Oliver & G.M. Pharr J. Mater. Res. (1992)
-S.H. Kim et al, Mater. Sci. Eng. A (2006)

T

Reference
plane

Elastic deflection Plastic pile-up/sink-in
- h, +h

pile
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-D.Tabor, The Hardness of Metals (1951)
-J.H. Ahn et al, IMR (2000)

Y RPK
Crgs?® lll“

Indentation depth increases Stress and strain increase

Representative Stress Definition Representative Strain Definition

a

a

&g = =—-=atany

OR ¥: Constraint Factor \/1— (a,/R)* R
(about 3)

N .
" Material Reliability '
& Forensic Safety Lab. 11



Seoul National

Representation University

Dep. of Materials Science & Engineering

Stress, strain

Continuous Load, depth data o Flow curve fitting
determination

y

from stress-strain

indentation —>»! at each unloading
at each step . o
test step (151) points (K, n determination)

(15 points)

Extrapolation of flow curve )
Yield strength(YS),

up to yield strain and _ _ Stre
Ultimate tensile strength (UTS)

ss, strain determination

uniform strain
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Determination

Yield strength

Ke! = E(e, —0.002)

True stress

True strain
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Tensile strength
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Residual stress
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Concept

Condition : same indentation depth

L¢

Compressive stress

: High load is needed to reach to the same indentation depth.

Ly

Tensile stress

: Less load is needed to reach to the same indentation depth.

Indentation Load-Depth Curves
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Load $

_ Stress
Compressive  free Tensile

Vickers
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Stress tensor
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z
Non-equibiaxial / > &
residual stress state
y
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ResidUaNStress € P Indentatienioad

Deviatoric stress along Z direction : Indentation stress :
4P x  — 5 (. LAL
3 i " Y A
where , W = constraint factor (3.0)
(1+p) o = 1 AL
3 res LIJ AS
y 3 1AL oV
O e — p=—>, Ag=Contact Area
(1+p) ¥ Aq G
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Fracture toughness

N .
" Material Reliability '
& Forensic Safety Lab. 18



Seoul National

Approach University

Dep. of Materials Science & Engineering

* How to correlate flat punch indentation with crack tip behavior in CRB test
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concept

* Scibetta (1999)
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“Maximum load can be evaluated by limit load in case of cracked round bar geometry”

* Limit load

Limit
load

Strain
hardening

Limit load

= [ (geometry, ays)

Perfect Plasticity

Small deformation theory

Local yielding: start
of plastic deformation

Elastic Deformation

v

* For cracked round bar geometry

5
3.285 for % > 0.65
PL = ﬂ:bzo-ys R a
b for R < 0.65
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Von mises yield criterion
a : crack length

b : ligament radius

R : specimen radius
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Fracture toughness calculation
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* J-integral formula from fracture mechanics

- 1
g
£ Area, A | Original
Loading
Slope
>
Total Displacement, v
(1 . VZ)KZ A A,: area under force versus displacement record
]IC _ ] + ] _ I 4+ Nyl pl np: factor for specimen geometry and crack size
— Je p E p 2
mTa

na?: ligament area

JicE

K~ =
T Ja-v?)
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Micro/Nano
A

scale * Indentation size effect

Low temp. ========= JIREIRUES —> High temp.

* Ductile to brittle transition » Creep behavior

k—/ material
Non-metallic material
e Ceramic
» Polymer
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Penetration depth

Accurate measurement at nano-scale without specific sample preparations
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Adhesion concept

Exist of interface work

Film

e L

o —

i L
Constraint Hastic
' fone

* LY
L

Sub

Work of indentation

= Film deformation
+ Substrate deformation
+ Work of interface

H".:::lra."'= Weliim + Wiusstrare + {Wmm)

Absence of interface work

Film
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Constraint state

G

~

= Hlastic Zone

Sub.

Work of indentation

Film deformation

+ Substrate deformation

Wooar = Whim + Whabstrate

eraf B I’Hnra! = M"';dhem
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]
v stress state
.’r

Compressive stress state

|

Difficulty to plastic zone expand

}

Increase of Lvax
(at same depth)

T
-—p— Tensile

sressstate G )

G

Tensile stress state

|

Easy to plastic zone expand

|

Decrease of Lmax
(at same depth)
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