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e Code and solution verification

e Feature coverage tool

e Transition to Trilinos (STK_Encore)
 Mesh adaptivity

e Uncertainty quantification (UQ) using random
fields

 FY11 Encore roadmap
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Code Verification Support

» Generic function interface e
— Analytic functions S
\‘\\ \,‘__H
« Text strings: “x+y” o SN .
« User subroutines E LN
] ] =z 101_ n.::
— Mesh based field functions 5
» FE interpolation of solution fields % ok
« Error metrics o |
- ----¥---- H1aerror
- '13- :::: L-mfﬁu&aarmr
Integration point based &l Lntin
(integrals, max norm) i
102,-\ Ijl-lll.. — Ill|3 - Il“ll!—»-‘ — IIIIS
— Nodal/element based ‘ ! °

number of elements

» Generate forcing terms for verification
by method of manufactured solutions
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Solution Verification Support

* Read in solution from output files
— Currently 10 is limited to Exodusl|
 Interpolation of solutions between different grids

* Error metrics based on comparison of solutions from
different meshes

« Compute
convergence rates
- GIObal error Coarse grid solution HI errlor
metrics
— Local spatial __
convergence e )
Fine grid solution L2 error HI1 error Nodal error
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Analyst questions (PCMM level):

* In how many tests is a feature used?
* In which test suite?

* In which tests, in what context?

» Are two features tested together?

Feature Coverage Tool

Developer needs coverage of:
e Every suboption, string, or algorithm knob is included
* Multiphysics code coupling

 Multiple test suites (regression, verification, acceptance,
etc.)
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Example Output

 Filter: Against specific Sandia application (input deck)
» Test suite: verification, features versus tests (242)

Feature Tests  NMEaRNRARAN R R R B NAE RS58NS NN NN NS S A S SRR NN NN IAANNANNRAAAANARSS
Coordinates: Define Direction 22 2emEEm EEENEEENEEEEEEEEEEN EEN EE E ENE EEEEEEEEE EEEN EEEEEEEEEEEEEEEEEEE N
Boundary Pressure 40 ] = = Em ] aEnm ] [ ] = = EE m [ ]
Conditions:  Function 40 u = = Em L] nm n LI | = n
Scale Factor 38 [ = E mm n am ] LI | am u
Fixed Displacement 156mmnm EEEEE §E EEEEENEN EEEnm EEEE ® ® = EE EEN = ] EEEN EEEEEEEEN [ ]
Node Set 126m | EEE @ EEEEEN u EEEE = = [ B ] u | EEEN EEE EEEN ]
Contact: Tied Model 4 L] n
Model: Friction Model 10 = nm u u n
Kinematic Partition 14 [ ] (W] ] [ ]
Overlap Normal Tolerance 4 (]
Overlap Tangential Tolerance 4 am
Search: Tangential Tolerance 4Emmum am (] amm [ [
Normal Tolerance SlemmEm [ EEE EEE [ [ n
Search Options 14 amnm u n [
Interactions: Multiple Interactions With Angle 4 [
Interaction Defaults 16 m [ n [
Friction Model 2 L
Remove Initial Overlap 1 .
Transient: Time Step Scale Factor 128 EE = EEEEEEEEEEEEEEEEEEEEEEEENEEENEN EEEEENEEEEN ] EEEEEEEEEEN
Material: DenSitY 2 EEE I EEE NN E NN EE NN E NN E NN SN NN NN NN NN NN NN EEE NN NN NN NN NN EEEEEEEEENEENEEEEEEEEEEEEN
Properties: Mass Properties 4 [ ]
Models: Orthotropic_Rate 2 m
Elastic 22ieEmEEEEN EEEEEEE EEEEEEEEEEEEE EEEEENEEEEN IEEEEEEEEEEEEEEEEEE N NN EEN EN EEN
Elastic_Plastic 16 L] (] (] nm [ n = (] [
Ductile_Fracture 1 u
1 [

Ep_Power_Hard
_ -

h
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 Encore (FYO8-present) is a component in Sandia’s SIERRA
Mechanics suite
— Built on the SIERRA Framework
— Developed as part of DOE/ASC program
— Restrictive licensing (not open source)
— Code base strongly tied to SIERRA

Transition to STK_Encore

« STK_mesh (FY10-present): Sierra Toolkit is started
— next generation of SIERRA Framework
— Fully Open Source and released as part of Trilinos

Sandia
m National
Laboratories



STK _Encore

« STK_Encore (FY10-present): next generation version of
Encore

— Developed to support multiple customers (ASC, NEAMS,
CASL)

— Rewritten on top of STK (Sierra ToolKit)

— Open source licensing

— Design goals:

Quick and easy code and solution verification
Support non-Sierra workflows and formats
Command line interface

Scripting API (python or other dynamic languages)
C/C++ Library API
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Mesh Adaptivity

 Encore supports both uniform and adaptive
mesh refinement

* Uniform refinement is used (in parallel) to
generate meshes for solution verification
— FY11: joint project with Cubit meshing team to
include CAD geometry in uniform refinement
— Can also enrich to higher order elements for
verification
» Adaptive refinement generates locally refined
meshes to efficiently reduce numerical error

— FY11: adaptive tetrahedral refinement will be
iImplemented in STK_Encore

Error Contribution

— Encore contains some basic error indicators MD
that can be used to drive adaptivity g

(recovery/averaging, residuals) E'l) Sandia
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UQ using Random Fields

» Support for spatial heterogeneous random fields (RFs) was

added to Encore in FY10.

 Can be used to simulate material and boundary condition

variability beyond random variables (which are uniform

over space and time)

 RFs are characterized by a vector of random variables that

are controlled using DAKOTA

 FY11: work will include interface to experimental data

 FY11: Encore UQ capability will be included in STK_Encore
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Encore FY11l Roadmap

* Interface to Encore through
* File IO (Exodusll)
* LIME interface (using ModelEvaluator)

* Refine/Enrich for additional element types
e Grid to grid mapping/transfer of fields
 Dynamic language (Python) API
« Automated mesh convergence studies
* Local Richardson Extrapolation (node/element level)
* Non-uniform refinement of simplex elements
 Non-uniform refinement of hexahedral elements (no
hanging nodes)
 Boundary layer refinement of quad/hex element
» Scope and design of CAD geometry (NURBS) integration
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