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H1BQ12 Steel tensile properties
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• Pressure vessel steel

• Behaviour has been characterised for a wide range of temperatures

• Unirradiated condition



H1BQ12 Steel fracture properties
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 𝑲𝒎𝒆𝒅 = 𝟑𝟎 + 𝟕𝟎 𝐞𝐱𝐩(𝟎. 𝟎𝟏𝟗(𝐓 − 𝐓𝟎

Master Curve

• Initial reference temperature : -97°C

• Toughness is about 100 MPa.m-1/2

• Well identified plasticity and local approach to failure models are relevant
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Toughness prediction : tensile curve
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By default : unirradiated H1BQ12 steel



CT Calculation with the platform
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Beremin model
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Correlation Beremin – Master Curve
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 𝜎𝑢 = 𝐴 + 𝐵 𝑒𝑥𝑝(𝐶 𝑇
P. Forget (EMMC9)

Solid Line = Beremin

Dashed Line = Experimental Master Curve

A (MPa) B (MPa) C 

3267 961 0.025

25/06/2019



Irradiation effects on plasticity
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Irradiation effects on the tensile behavior : irradiation hardening

• Increase of yield stress

• Limited hardening modulus increase



Irradiation effects on plasticity
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Yield stress increase :

Computed by using the Taylor coefficient



Irradiation effects on plasticity
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Irradiation and metallurgical features of the steel need to be known



Irradiation effects on plasticity
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Irradiation effect on fracture 
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 𝜎𝑢 = 𝐴 + 𝐵 𝑒𝑥𝑝(𝐶 (𝑇 − ∆𝑇𝑢 ,

∆𝑇𝑢= ∆𝑇0,

∆𝑇0= 𝛼∆𝜎0, 𝑤𝑖𝑡ℎ 𝛼 = 0.7

Sokolov relation

Used to set the Beremin parameters

• Temperatures

• Irradiation conditions

B.Tanguy, A. Parrot (ASME 2011)

25/06/2019

Cleavage stress equation :

For the different irradiations :

∆𝜎0, MPa T, °C 𝜎𝐮, MPa

0 -120 3314

50 -120 3286

50 -90 3309

50 -60 3356

100 -90 3284

100 -60 3304

100 20 3542

150 -60 3282

150 20 3381
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Modules chaining
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Fitting T0 with TOMasterCurve

SOTERIA Final Workshop | 25-27 June 2019 | Miraflores de la Sierra 14

𝑃𝑟

𝐾𝑗
Output of the platform : Beremin failure probability

Toughness value corresponding to the median probability is computed

T0MasterCurve submodule

• Inverts the equation  𝑲𝒎𝒆𝒅 = 𝐟(𝐓𝟎

• Obtain the transition temperature

Example of Master 

Curve isothermal

probability (random T0)

 𝑲𝒎𝒆𝒅 = 𝟑𝟎 + 𝟕𝟎 𝐞𝐱𝐩(𝟎. 𝟎𝟏𝟗(𝐓 − 𝐓𝟎

 𝑲𝒎𝒆𝒅 = 𝐟(𝐓𝟎
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Evolution of T0 with irradiation

Different yield stress increases
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At different temperatures we obtain different values of T0

Find the best T0 value for each irradiation hardening

• Linear interpolation at 100 𝑀𝑃𝑎 𝑚

50%

26/06/2019

Calc. number ∆𝜎0, MPa T, °C T0, °C

0 0 -120 -102

1 50 -120 -80

2 50 -90 -74

3 50 -60 -62

4 100 -90 -53

5 100 -60 -41

6 100 20 -6

7 150 -60 -20

8 150 20 24



Local Approach 

Calculations and identifications
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 Computing a ductile-brittle transition temperature T0

• Beremin model

 Computing failure curve

• MIBF model

Technical work achieved
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 Including local stress distribution : effect of a variable 

stress field resulting from the bainitic microstructure of 

the RPV steel ahead of the crack.

 INPUTS : irradiation-induced hardening level, particle 

size distribution, surface energy, grain-size, grain 

orientation, grain-scale stress fields (a distribution of 

principal stresses)

 RPV steel microstructure ⇒ local stress distribution σ* 

inside V0 are captured from crystal plasticity 

modelling.

 Ref. : J. Nucl. Mat. 406 (2010) 91-96

The Micro-structurally Informed Brittle 

Fracture (MIBF) model
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 There is a general formulation that most Local 

Approach models share to describe the local 

probability of failure (for a point, i):

 r is the particle radius, rc,i is the critical micro-crack for 

propagation, pc,i is the probability of micro-crack 

nucleation and f(r) is the probability density of the 

initiators size.

MIBF model
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 The basic approach in the MIBF model is then similar 

to the Beremin model (nucleation based on plasticity 

and propagation based on the Griffith term).

 The implementation allows a range of f(r) laws to be 

used.

MIBF model
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MIBF model

SOTERIA Final Workshop | 25-27 June 2019 | Miraflores de la Sierra 2325/06/2019



MIBF model
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MIBF model
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 Computing a ductile-brittle transition temperature T0

• Beremin model

 Computing failure curve

• MIBF model

Technical work achieved
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