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Objective I:
Monitoring aging due to irradiation by pre-

cracked Charpy-specimens
Aim:
Detection of 
- Shift of brittle-to-ductile transition temperature (BDTT)
- Lowering of upper shelf fracture toughness

Required:
Method to evaluate fracture toughness from pre-cracked 

Charpy specimens with the following features:
- Single specimen in the upper shelf 
- unambiguous 
- simple, performable in hot-cell
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Fracture toughness transition curve and effect 
of irradiation

KIc, KJc, KJd [MPam0.5] 
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Objective II:
Evaluation of transferable fracture toughness
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Approximation of J-R-curve in upper shelf

Analytical
Evaluation 
from force-
displacement 
diagram:



IAEA-Specialists Meeting on Master Curve 
Testing and Appl.,  Prague, 17.-19.09.01

Comparison with multi-specimen technique
RPV-Steel A533
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• Upper Transition range (type III):
- J0.2t as lower bound
- Jo as upper bound

• Lower transition range (type II):

- exact:

- as a lower bound: J0 or J0.2t

Alternative in the lower transition regime:

- Master-curve approach analagous to ASTM E 1912:
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Determination of fracture toughness in 
the transition regime
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Experiments

Properties of test material:

 
 

upper yield 
stress 

lower yield 
stress 

tensile strength fracture strain uniform 
fracture strain 

ReH [N/mm2] ReL [N/mm2] Rm [N/mm2] A5 [-] Ag  [-] 

350 343 540 0.27 0.16 
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Cleavage-J-R-curve in comparison with J-R-
curve determined from single upper shelf test
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Comparison of cleavage J-R-curve with 
data from low-blow tests
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Fracture toughness transition curve
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Comparison of cleavage-K-R-curve with 
static CT-test results
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Correction factors: Transferable fracture toughn.:

Effect of crack length on fracture toughness



IAEA-Specialists Meeting on Master Curve 
Testing and Appl.,  Prague, 17.-19.09.01

Validity/Application to structures

Limits of Validity:    J0.2Bl ≤≤ σσf⋅⋅ b0/25 for T>BDTT
Juc ≤≤ σσf⋅⋅b0/M       for T<BDTT M=50 …200 (?)
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Advantages of shallow cracks (0.2<a/W<0.5):

•Larger Range of Validity

•Higher Maximum Force

•Higher elastic part of energy release rate

•Better dynamic behaviour:

•closer to square ligament shape (in case of 
pre-cracked Charpy specimens)

signal less affected by oscillations, higher crack tip loading rate

Disadvantages of shallow cracks:
•Non-saturated crack-tip constraints
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Combination with master-curve approach
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Summary and Conclusions
• Dynamic testing of pre-cracked Charpy specimens is suitable to monitor 

embrittlement, provided there is a suitable single specimen evaluation 
method available.

• The analytical evaluation method incorporated in HSK AN 425 gives 
repeatable, reliable and conservative fracture toughness in upper shelf 
regime. 

• It also can be applied in the transition regime as a conservative 
approximation, complementarily to master curve approach. 

• In the lower shelf regime, the master-curve determined from the 
transition behaviour can be used, which considerably simplifies testing

• The presented evaluation method can be used on PCCT-specimens.
• Shallow cracks, as used in the Swiss surveillance plan, are suitable or 

even preferd.
• The experimental results are in good agreement with static CT-tests. 

However, more information on the temperature shift is required.


