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Jlll Elasto-Viscoplastic Grade 91 Material Models

* Develop simulation capabilities for high temperature i. M O OSE

design and life-cycle prediction
* NEML - models for probabilistic design:
* Phenomelogical
e Fast running to provide large samples
* Provide statistics of failure based on design
criteria, e.g. ASME BVP code
* LAROMANCE - models for component life:
* Incorporate microstructural data
* Run at engineering length and time scales
* Robust over range of stresses and temperatures
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I NEML model overview

* Nuclear Engineering Material model Library (NEML)!

 Phenomelogical model fit to range of experimental
data using Bayesian Markhov Chain Monte Carlo?

* Developed for monotonic loading

Flow Rule
(03 n
i %0~ R

I
vp
n

Hardening Parameter

R =0 |1-exp(-ble, ®)]

Damage Rate (fixed)

o= (%) -0

;https://neml.readthedocs.io/en/dev/#
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I LAROMANCE model overview

parameter Bounds
Cell Dislocation Density (10/2m=2) [1,3.5]

* Surrogate model database generated from crystal o ) o
Tol| 1,2 n Mises Stress (MPa) [1, 150]
plasticity model ‘Effective Strain (m/m) [0.0, 0.08]

e Viscoplastic self consistent CP framework Temperature (°C) [507, 627]

* |nelastic strain from dislocation glide, climb and coble creep
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Jlll Geometry engineering models

* Show stresses, etc. Show pipe modle.
 Show

Pipe Model
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I Pipe Results: Stress-Strain History for T=550C

T=550C
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I Pipe Results: Inelastic Strain Histogram at 20 yrs
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I Pipe Results: Stress-Strain for T=550C and T=600C
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Jl LAROMANCE MODEL: T=550C, P=3MPa (0,,,,=33MPa)
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Jl LAROMANCE MODEL: T=550C, P=7MPa (0,,,,=77MPa)
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£ inelastic strain after 20 years for T=550C, P=7MPa
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T=550C

T=600C

LAROMANCE MODEL
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- Pipe Results: Cross Correlation - T=600C, P=3MPa
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Jlll Pipe Lateral Simulations: T=550C, P=2MPa




I Pipe Lateral Simulations
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I NEML, laromance stress strain.

P=1MPa (55MPa) P=2MPa (110MPa)
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I Future Work

* Get better sampling of LAROMANCE model for
pipe lateral.

* Run Simulations at a single pressure, collect
results at different locations.

 Check LAROMANCE parameter ranges for MX
phase fraction - 10% seems high

EEEEEEEEEEEE Ofﬂce of

ENERGY NUCLEAR ENERGY

HENEAMS

eXtremeMAT

Accelerating the Development of Extreme Environment Materials
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I Pipe Results: Parameter Sensitivity NEML

Rate sensitivity exponent, n
Hardening parameter, b
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I Pipe lateral: Parameter Sensitivity NEML
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