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Motivation

Fracture toughness measurements (ASTM 1820)  on 

forged Nitronic 50 material at 4.2 K

E Young modulus

W width of specimen (36 mm)

Be effective specimen 

thickness (4 mm)

ai crack length (20-23 mm)



M2OrD-04 - ICMC 2015, Tucson USA5 30.06.2015 Nyilas, Weiss, Ono, Langeslag

Motivation

Fracture toughness measurements (ASTM 1820)  on 

forged Nitronic 50 material at 4.2 K

Result of LT3 direction specimen

Jq = 270 N/mm

KIC = 235 MPa m1/2
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Motivation

Fracture toughness measurements (ASTM 1820)  on 

forged Nitronic 50 material at 4.2 K

Result of LS direction specimen  90° crack propagation for J-test

0° compliance function not applicable

 necessary to define a 90° compliance 
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Compliance by FEM

Modelling of crack opening at 2 kN loading

of different crack lengths  in 0° and 90° direction

a (0°) = 18  to  23 mm a (0°)   = 20 mm

a (90°) = 1  to  6 mm 
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dimensional FEM analysis of such a specimen. The specimen was loaded with 2000 N at load line. The analysis 

shows a maximum displacement of 0.134 mm at the outer edge position. Later the displacement has been 

determined at the load line using the FEM software.  Having these data one is able to determine the stiffness of 

the specimen easily. 

 

 

                                
 

a)          b) 

 

FIGURE 5 The picture a) shows the 2 dimensional modelled compact tension specimen with a crack length of 18 mm. The 

load of 2000 N resulted in a displacement of 0.134 mm. The picture in b) shows the crack tip in enlarged view.  

 

 

Furthermore, it was worthwhile to investigate the difference of modelling between 2-

dimensional case and 3-dimensional case. The same specimen has been, therefore modelled 

for 3-D FEM analysis. Figure 6 shows the created model and the determined displacement 

maximum displacement at the same position as the case with 2-D is 0.135 which is a 

negligible difference. All other FEM tests has been than computed using the 2-D modelling. 

In Figures 7 and 8 the stiffness has been determined for different crack lengths in an usual 0° 

crack extension case starting from 20 mm to 23 mm lengths. Whereas, in both Figures 9 and 

10 the crack extension following the 20 mm length and afterwards diverting to 90° in lengths 

between 1 mm and 6 mm has been investigated and the stiffness has been determined.  

20 mm
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Compliance by FEM

Modelling of crack opening at 2 kN loading

of different crack lengths  in 0° and 90° direction

E Youngs Modulus

B specimen thickness

C compliance
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Compliance by FEM

Comparison of EBC values from ASTM and FEM

of different crack lengths  in 0° and 90° direction
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Compliance by Measurement

Measure crack opening at 1 kN loading at RT

of different crack lengths  in 0° and 90° direction
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Compliance by Measurement

Measure crack opening at 1 kN loading at RT

of different crack lengths  in 0° and 90° direction
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Compliance by Measurement

Measure crack opening at 1 kN loading at RT

of different crack lengths  in 0° and 90° direction
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Comparison of FEM and Measurement

Measure crack opening at 1 kN loading at RT

of different crack lengths  in 0° and 90° direction
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Fracture toughness measurements (ASTM 1820)  on 

forged Nitronic 50 material at 4.2 K

LS2 LS3 LS4

Evaluation of 90° KIC
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Fracture toughness measurements (ASTM 1820)  on 

forged Nitronic 50 material at 4.2 K

with 0° and 90° crack propagation

Results of 0° and 90° KIC
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Summary

Fracture toughness on Nitronic 50 to be measured in two directions.

All three LS oriented specimens show a strong anisotropy 

making impossible to evaluate with existing J-test evaluation software.

A new consistent compliance function has been determined by 

modelling anisotropic specimens and using a FEM approach. 

Measuring experimentally the stiffness of specimen with 90° crack 

the FEM procedure was verified. 

Using the new compliance function it was possible to determine 

the fracture toughness of these specimens. 
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Thank You!


