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Content

• Fracture Toughness KIc

- Plane strain condition

- ASTM standard E399

• High Toughness JIc

- Limitation of the KIc

- ASTM standard E1820

• Measurement of Fatigue Crack Growth Rates

- Paris curve experimental determination, ASTM standard E647

Standard for Fracture Mechanics
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Toughness is NOT Fracture Toughness

Fracture Toughness

Plain specimen:
Toughness is the energy 
(per unit volume) absorbed 
before final fracture:
- No notch
- No stress concentration

Area: σ ε = Energy density
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Toughness usually is a trade-off between Strength and Ductility

Fracture Toughness

High toughness
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Toughness usually is a trade-off between Strength and Ductility

Fracture Toughness
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What is the Fracture Toughness

- It is a property indicative of the material resistance to fracture, relatively 

to a cracked body (high stress triaxiality and high stress 

concentration)

- It is a quantity to be compared to the Stress Intensity Factor

- Usually, just the First SIF is considered

Fracture Toughness

c 'c'stands for theCritical valueK
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Resistance criterion

Fracture Toughness

I c

I c

Crack stable, no crack propagation
Unstable crack propagation (fracture)

K K
K K

 
 

If the plastic zone is too large K-field concept is 
questionable and then LEFM is no more valid…

The crack tip stress and strain distributions may not be well understood or well 
quantified. If the LEFM holds the K-field defines the actual loading at the crack tip.
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From specimen to component

Fracture Toughness

If the plastic zone is small,
the K-field dominates the pl. 
zone and then the fracture zone
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Is fracture toughness a purely material property?

It is a matter of fact that the Fracture Toughness depends on the specimen 

thickness. Apparently the explanation is: Pl. Stress/ Pl. Strain

Fracture Toughness

A thicker specimen shows 
lower Toughness (though the 
total force for fracture may be 
higher)
Under pl. strain conditions the 
plastic volume is less and then 
the absorbed energy.
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Thickness dependence Pl. Stress/ Pl. Strain

Fracture Toughness

45° fracture is usual under Pl. Stress
or at least not well developed Pl. Strain
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Thickness dependence Pl. Stress/ Pl. Strain

Fracture Toughness

45° fracture is usual under Pl. Stress
or at least not well developed Pl. Strain
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High thickness (Pl. Strain) Fracture Toughness

Fracture Toughness

c Ic

Ic is a material property only!
no more dependent on thickness
or any other geometry parameter

Large thickness:
K K
K



The high thickness fracture 
section is mainly perpendicular 
to the load, that’s why the ‘I’ 
(first) is added to the fracture 
toughness symbol





Pisa, June 15 – July 14, 2015



13

Standard E399

ASTM Standard test for KIc
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Specimen geometries

ASTM Standard test for KIc

SEB specimen
Single Edge notched specimen
for three or four point Bending

CT specimen
Compact Tension specimen, 
tensile load applied at the holes
Mostly used and referenced
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Specimen geometries

ASTM Standard test for KIc

Arc-Shaped Tension
AT specimen

Disc shaped specimen
DCT specimen, similar to CT
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Specimen orientations

ASTM Standard test for KIc

Plates

Cylindrical 
bars
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Specimen dimensions

ASTM Standard test for KIc

Main dimensions are:
crack size
specimen width
specimen thickness

a
W
B
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Specimen dimensions

ASTM Standard test for KIc

is a free parameter that
defines the specimen size

The specimen thickness 
is imposed as half the width 

W

B
W
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Side groove

ASTM Standard test for KIc

To reduce the effect of the
shear lips on the lateral edges
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Specimen dimensions

ASTM Standard test for KIc

The crack size is from the load
axis to the crack front.

Thecrack is generated byfatigue
(precrack procedure)
Chevron Notch can help precracking

The crack size is recommended
to be in the range 0.45-0.55 
so,again h

W
alf the width
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Compliance method to determine the crack size

ASTM Standard test for KIc

Double–Cantilever 
Clip-In Displacement 
Gage

Pisa, June 15 – July 14, 2015



22

The crack size can be correlated to the specimen Compliance

ASTM Standard test for KIc

: applied load, NP

:crack mouth
displacement,mm

mV 2

2
N

:Elastic constraint modulus
planestress

planestrain
1

( ) /

E
E E

EE

Be B B B B








  

a
W
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Compliance inverse relationship is required to find the crack size

ASTM Standard test for KIc

:crack mouth
displacement,mm

mV

Step 1: Calculate  from the applied load and
the crack mouth opening displacement (A 4.6)

Step 2: Calculate the /  ratio (A 4.5)

Step 3: Easily deduce since is obviously known

U

a W

a W

a
W

: applied load, NP
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The Fracture Toughness test

ASTM Standard test for KIc

Similarly to the Tensile Test,
a slow and monotonic displacement 
rate is imposed up to the specimen 
fracture.

The test should be under 
displacement control

The recorded displacement related 
to the load can be either the 
machine imposed or the crack 
mouth displacement

:crack mouth
displacement,mm

mV

: applied load, NP
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PQ value

ASTM Standard test for KIc

95% of 
slope

5

5 5

is the95%inters

stands for Condi

ection, then
3 di

tional result
(initially it is ev

fferent possible behaviors:
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P
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
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Pmax/PQ

ASTM Standard test for KIc

First condition 
to be fulfilled

This is the 
standard for J!
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After crack test the SIF (Mode I) can be calculated at the load PQ

ASTM Standard test for KIc

a
W

QP

a is known after 
compliance

Again tands for the Conditional resultQK s
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Same f(a/W) relationship is also available on textbooks

ASTM Standard test for KIc

N.E. Dowling, 
Mechanical Behavior 
of Materials
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Similar relationship for the other standard specimen shapes

ASTM Standard test for KIc

Just slightly different 
coefficients…
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How to accept KQ as the Plane Strain Fracture Toughness KIc ?

ASTM Standard test for KIc

This is the Tensile 
Test standard
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ASTM Standard test for KIc

2

I

Y

Being ( )
2

( ), 2.5

WW a B

KW a B
S

  

 
   

 

How to accept KQ as the Plane Strain Fracture Toughness KIc ?

Implies both:
-Planestrain (condition on )
-SmallScale Yielding
and then LEFM validity

B
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ASTM Standard test for KIc

2

I

Y

2

I

Y

Since 2.5 then planeStrain follows.

To have the (Small Scale Yielding) SSY

4in plane boundaries should be 
3

being , and 2.5 4 / 3 0.42
planeStrain easily implies theSSYand then LEFM v

KB
S

K
S

B a W a





 
  

 

 
  

 

   
alidity

How to accept KQ as the Plane Strain Fracture Toughness KIc ?

Pisa, June 15 – July 14, 2015



33

When this condition is not satisfied a larger specimen is needed

ASTM Standard test for KIc

Huge testing machine 
would be required, 
otherwise J parameter 
is to be referred instead

2

I

Y

( ), 2.5 KW a B
S

 
   

 
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Summary

ASTM Standard test for KIc
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ASTM Standard test for KIc

Test example

0 0.05 0.1 0.15 0.2 0.25 0.3
0

5

10

15

20

COD, mm

Load, kN

18200 NQP 

Y 1000 MPaS 
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ASTM Standard test for KIc

Test example

1/2 1/2

Y
2

Y

18200

/ 0.5
( / ) 9.66

( / ) 994 MPa mm 31.4 MPa m

1000 MPa

25 mm 2.5 2.47 mm Ok!

Q

Q
Q

Q

P N

a W
f a W

P
K f a W

B W

S

K
B

S






  



 
   

 

1/2 1/2
Ic 994 MPa mm 31.4 MPa mQK K  
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Fracture Toughness values

ASTM E399

Dowling book
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Fracture Toughness values

Minimum specimen size

1/2
Ic

Y

2

Ic
min

Y

min min

66 MPa m
540 MPa

2.5 37.3mm

2 74.7 mm

E.g.: 80 mm

K
S

KB
S

W B

W




 
  

 
 


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Transition crack length

Brittle fracture vs. Ductile plastic collapse

IcI

Y

g

2

n g
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Transition crack length

Brittle fracture vs. Ductile plastic collapse

t

Ic
g

t t

t
g Y

Ic t
Y

t t

t

The transition length is the crack size for
which both failures are at onset:

( )

then:

( )
this eq.can besolved numerically

...

a
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bF a a

a















2a

gS

2b

nS

Pisa, June 15 – July 14, 2015



41

Transition crack length

Brittle fracture vs. Ductile plastic collapse

t

t

t

t
2

Ic
t

Y

by assuming 
( ) 1.0

1.0

then the transition length is:

1

which is again related to the plasticsize

a b
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Transition crack length

Largely different material properties

No LEFM validity
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Transition crack length

“Leak-before-Break”
2

Ic
c

t

Ic Y

Ductile material is preferred for pipes to have:

1 (pipe thickness)

high , with a low

Kc t

K S
 
 

  
 

t

:internal pressure
:pipe radius
:pipe thickness

rp
t

p
r
t

 
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