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• “Planar” size effect on Jc 

– Differences in crack tip constraint 
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Jc 

– T-stress (Larsson & Carlsson, Rice ) 

 

 
– Hancock et al., O’Dowd, ... 

 

 

• T11 > 0 

•  Mechanical issue 

Background: Size effect on Jc 
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Test Specimen Thickness effect on Jc (1) 

• Test Specimen Thickness 
(TST) effect on Jc 

– Wallin  

• Jc ∝ B-1/2  
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– Anderson et al. 

• Weakest Link (WL) Model 

 

• Material issue 
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• Meshii et al. 

    Out-of-plane constraint issue 

 

 

 

• TST effect on actual flaw 

      Not clear : definition of B ? 

 

 Mechanical parameter:T33 
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 0.55% carbon steel S55C at R.T. 

• Fracture toughness test        

CT: B/W= 0.25 ~ 0.5 
B/W=0.5 B/W=0.25B/W=0.4B/W=0.5 B/W=0.25B/W=0.4
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*Toshiyuki Meshii, Tomohiro Tanaka. Engineering Fracture  Mechanics. 2010;77(5):867-877 

**Tomohiro Tanaka, Toshiyuki Meshii. ASME Pressure Vessels and Piping Conference, 1-7 (2010).  

Previous Results for S55C (3) 

・Exp & FEA: (S55C*) 

1

10

100 1000

2|T 33 c| MPa

J
c
/(

K
c
2
/E

')
, J

c
 F

E
A
 /

(K
c
 F

E
A

2
/E

')

B/W

0.25

0.4

0.5

3PB CT
Jc Jc FEA Jc FEAJc

1 

1 

2 

2 Jc  |T33 c|
1/2 



2012/7/25 11 

■  Background 

■  Motivation 
– Predict lower bound Jc for TST 
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  Predict lower bound Jc for TST    

       & Solve the contradiction 
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• ‘Planar’ Failure Criterion 

     Ritchie et al. 

     Shih 

 

 
  

 

 

 

Failure Criterion 

• Out-of-plane TST issue  
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 ・ Critical distance: 
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■  Background 

 ■  Motivation 
– Predict lower bound Jc for TST 

 ■  FEA 
      Derivation of failure criterion for S55C 
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• Model 
– 1/4 symmetry (CT, B/W= 0.5, a/W=0.5 ) 

– Side groove: removing constraint 

– Circular hole r = 0.004 mm 

• Material 
– J2-incremental plasticity 

– Ramberg-Osgood 

     n = 6.9, a = 1.61, 0 = 428 MPa 

 

• Maximum load 
– Kc S55C = 66 MPa m1/2 (30 load steps) 

• Solver: WARP3D 
– Focused on thickness center value 
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• Standard CT specimen: Kc S55C= 66 MPa m1/2   

 Crack opening stress 22 (=0) distribution 

 Crack tip opening displacement 

22 c= 1530 MPa 

lc= 4dt = 0.16 mm 
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Thickness Center 

Derivation of Failure Criterion for S55C 



2012/7/25 17 

■  Background 

 ■  Motivation 

   
■  FEA 
   Derivation of failure criterion for S55C 

 Validation of failure criterion to out-of-plane TST issue 

 Predict lower bound Jc for TST 
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Validation of failure criterion for  
out-of-plane TST issue 

• Elastic-plastic FEA for non-standard test specimen 

3PB specimen 
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Validation of failure criterion for  
out-of-plane TST issue 
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■ Step 2: Extract 22 ( = 0) values at lc = 0.16 mm 

r  mm
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■ Step 3: Derive fracture load: Pc FEA 

■ Step 4: Estimate Kc FEA 

Derivation of fracture load Pc FEA 
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• Estimated Kc FEA for other CT & 3PB specimens 

Validation of failure criterion for  
out-of-plane TST issue 
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■  Background 

 ■  Motivation 

   
■  FEA 
   Derivation of failure criterion for S55C 

 Validation of failure criterion to out-of-plane TST issue 

 Predict lower bound Jc for TST 

 Predict lower bound Jc for TST  
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■  Background 

 ■  Motivation 

   
■  FEA 
   Derivation of failure criterion for S55C 

 Validation of failure criterion to out-of-plane TST issue 

 Predict lower bound Jc for TST 

 Predict lower bound Jc for TST  

– Prediction of lower bound Jc with T33-stress 
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• Jc FEA & T33 :  Bound values for B/W  1.5 

 

 

Prediction of Lower Bound Jc with T33-stress 
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■  Background 

 ■  Motivation 

   
■  FEA 
   Derivation of failure criterion for S55C 

 Validation of failure criterion to out-of-plane TST issue 

 Predict lower bound Jc for TST 

 Predict lower bound Jc for TST  

– Prediction of lower bound Jc with T33-stress 

■  Summary and Future Plans 
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Summary & Future Plans  

• The ‘planar’ failure criterion  

  Applicable for out-of-plane TST issue 

•  Lower bound Jc for S55C: B/W 1.5 

•  Lower bound Jc could be predicted by T33-stress 

Next study plan… 

   Validate the lower bound Jc by fracture toughness test 

   Numerical study for different materials and test specimens  

   Correlate test specimen Jc with actual flaw 
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CT-W=25 mm-B/W=0.25～0.5 

22 distribution ( = 0) at Kc=66 MPa m1/2  
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CT-W=25 mm-B/W=0.25～0.5 

22 distribution ( = 0) at Kc S55C=66 MPa m1/2  
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J values at thickness center: 

CT-W=25 mm-B/W=0.5-a/W=0.5 

S55C: 0= 428 MPa, a =1.61, n=6.9, E=206 GPa 

Kc S55C = 66 MPa m1/2  
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J values in thickness direction: 

CT-W=25 mm-B/W=0.5-a/W=0.5 

S55C: 0= 428 MPa, a =1.61, n=6.9, E=206 GPa 

Kc S55C = 66 MPa m1/2  
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Elastic FEA results in thickness direction: 

3PB-W=25 mm-B/W=0.5-a/W=0.5 

E=206 GPa, =0.3 
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Q: Why TST effect on Jc could be expressed by T33-stress ? 

A: Out-of-plane 33 at specimen thickness center 
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Q: Why the normalized lower bound Jc FEA is not equal to plane strain J.   

A: Full plastic 2D J solution according to the method by EPRI, in this work, we 

conducted 3D FEA for 3PB specimen. 
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Q: How do you distinguish between shallow cracked specimen and deep cracked specimen ? 
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A: By now, no standard could be follow.  

    However, In Dodds et. al’s works, they defined a/W = 0.15 and a/W=0.5.  
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Q: What is the new point of view in your works ? 

Anderson et al. : 
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Q: In elastic-plastic FEA, how did you define the keyhole size r at the crack tip ? 

A: McMeeking & Parks : CTOD  5r . In this work, CTOD/r  10r 

 
dt: Crack tip opening displacement; CTOD   

R tu
be

a

Dl

r

(c)

R tu
be

a

Dl

r

(c)

A
R tu

be

a

Dl

r

(c)

R tu
be

a

Dl

r

(c)

A

0

0.005

0.01

0.015

0.02

0.025

4.95 4.96 4.97 4.98 4.99 5 5.01

x 1  mm

x
2
  

m
m

undeformed

deformed

node A 



2012/7/25 40 

Q: The 22c value of the failure criterion obtained in this work is very large. 
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A: For three dimensional cracks, considering triaxial stress state, the equivalent Mises 

stress was below the true tensile stress B.   
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