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H1BQ12 Steel tensile properties

» Pressure vessel steel
« Behaviour has been characterised for a wide range of temperatures
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H1BQ12 Steel fracture properties
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« Toughness is about 100 MPa.m-12
° « Well identified plasticity and local approach to failure models are relevant
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Toughness prediction : tensile curve @ER'A
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By default : unirradiated H1BQ12 steel
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CT Calculafion with the platform

@ To circumvent the limitations of the Master
Curve approach, the local approach to failure
proposes a chaining of a plastic calculation and

a failure post-treatment

@ The plastic calculation proposed in the platform
is available in the RPV Toughness Module as

"CTCalculation”

@ It is a 2D calculation using Code_Aster as solver

@ possible chainings with homogenized crystal
plasticity law to benefit from lower scale plastic

models
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Beremin model SOTERIA

@ fitting a Weibull stress oy on the plastic Volume V}, using the o field

o VA ,(t;)

@ Compute the failure probability Py
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Correlation Beremin — Master Curve
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Iradiation effects on plasticity @ERlA
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Irradiation effects on the tensile behavior : irradiation hardening
* Increase of yield stress
« Limited hardening modulus increase
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Iradiation effects on plasticity @ERlA
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Yield stress increase :
Computed by using the Taylor coefficient A0'0 — 2;5 ACRSS
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Iradiation effects on plasticity $OTIERIA
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Irradiation and metallurgical features of the steel need to be known
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Iradiafion effects on plasticity
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Iradiation effect on fracture

Cleavage stress equation :
o, = A+ Bexp(C (T —ATy,)),

B.Tanguy, A. Parrot (ASME 2011)

-120 3314
AT AT, o0

o DR 120 3286

% 3309

For the different irradiations : .60 3356

ATy= algy,  with a=0.7 | 100 [l 3284

-60 3304

Sokolov relation

Used to set the Beremin parameters  IELLINN 20 3542
« Temperatures -60 3282
* Irradiation conditions 20 3381
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Modules chaining

my-new_study [modified] - Perspycace x
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Short Documentation:

TOMasterCurve is a tool that computes the Master Curve
indexing temperature $T_0$%, from a failure prabability

Mibf distribution obtained with a local approach to failure model (e.qg.
~ 3 MasterCurve Beremin)
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Fitfing T, with TOMasterCurve

P.,

_ _ A — Example of Master
TP = f-1(gheremin Curve isothermal
\\ probability (random T)
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J

Output of the platform : Beremin failure probability
Toughness value corresponding to the median probability is computed
TOMasterCurve submodule

 Inverts the equation K,,,.; = f(Ty)

. Obtain the transition temperature ~ Pr(Kjc S K) =1 —exp

B/( K-—Kpn, )4
m\ Kmed — Kmin
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Evolution of T, with iradiation

Different yield stress increases

| 0 [ -120  -102
50 120 -80
0 90 74
50  -60 -62
E 100 90  -53
100 60  -41
B 10 20
150  -60  -20
R 150 20 24
At different temperatures we obtain different values of T,
Find the best T, value for each irradiation hardening
 Linear interpolation at 100 MPa vm
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Local Approach @E RIA
Calculations and identifications
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Technical work achieved @E RIA

O Computing a ductile-brittle fransition temperature T,
* Beremin model

Q Computing failure curve
* MIBF model
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The Micro-structurally Informed Brittle

Fracture (MIBF) model

QA Including local stress distribution : effect of a variable
stress field resulting from the bainitic microstructure of
the RPV steel ahead of the crack.

Q INPUTS : irradiation-induced hardening level, particle
size distribution, surface energy, grain-size, grain
orientation, grain-scale stress fields (a distribution of
principal stresses)

A RPV steel microstructure = local stress distribution o*
inside V, are captured from crystal plasticity
modelling.

Q Ref.: J. Nucl. Mat. 406 (2010) 91-96
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MIBF model @ER'A

Q There is a general formulation that most Local
Approach models share to describe the local
probability of failure (for a point. i):

Pf.i :/ peif(r)dr

Q ris the particle radius, r.; is the crifical micro-crack for
propagation, p;is the probability of micro-crack
nucleation and f(r) is the probability density of the
INnitiators size.
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MIBF model @ER'A

Q The basic approach in the MIBF model is then similar
to the Beremin model (hucleation based on plasticity
and propagation based on the Griffith term).

_ s E-v¢
Oc = N
2(1-v2) r

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

P (V,,2)= 1exp[ [In (1Pf(vo,c))c\’;/]

v, 0
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MIBF model
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MIBF model
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MIBF model
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Technical work achieved @E RIA

A Computing a ductile-brittle transition temperature T0
* Beremin model

Q Computing failure curve
* MIBF model
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