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Visco-elastic ice-flow model

* Visco-elastic Maxwell model

* Introduction of visco-elastic stress (P. Wu, 2004)

ot 0ty U
V-t=pg —=—-—=(t—111) 7t7=1I1+ 2ue
ot at n
Zwinger, T., Nield, G. A., Ruokolainen, J.,
and King, M. A.: A new open-source
viscoelastic solid earth deformation

oAt the same time, we introduce pressure Il to enable incompressibility =~ module implemented in Eimer (v8.4),
Geosci. Model Dev., 13, 1155-1164,

o Effective viscosity, n(€), expressed as shear thinning (Glen) using time ~ https://doi.org/10.5194/gmd-13-1155-
2020, 2020,

N . .9
derivatives of deformation (strain), € = a—i

oMind, the factor:% = 1/t,, (large viscosity - dominating elasticity)
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https://doi.org/10.1111/j.1365-246X.2004.02338.x

Visco-elastic ice-flow model

* Elmer FE-modelling environment OElmer

* Implementation of visco-elastic model inside linear elasticity solver

* We can only deal with small deformations (in comparison with the dimensions of the
glacier)

* Recently: Shear-thinning viscosity (Glen) is implemented viscosity computed by
EffectiveViscosityfromMaterials.F90; strain-rate from temporal derivative
of deformations

* Contact problem solving variational inequality using residual based method
 Constraining vertical component using library functionality

* Currently, with the constraint that we neglect basal sliding during the passage of the
jokulhlaup
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Results of visco-elastic model

Time: 0.0 h

Elevation (m)

g * The current model for
S Jokulhlaups (GLOFs) under
development computes the
response of the glacierto a
prescribed pressure disturbance
that travels downglacier.

/ Displacement (m)
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Viscoelasticity ——

Time scale separation:

[t] =0(107%)s tm = 0(10%)s [t] =0(10%)s
ﬁ Time
fracture propagation viscoelastic geometry evolution
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Propagation criterion

The strength of the stress singularity predicted by the solution of the purely elastic problem
is referred to as the stress intensity factor, K;.

Crack growth occurs when the stress intensity
factor reaches a critical value, the fracture
toughness, K¢ .

K< K. = crack is stationary

Ki = K| = crack propagates

H KI stat — ch
d = _ LI )
(5 570)

Freund (1990)
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Numerical Method ——

Displacement discontinuity boundary integral method [Crouch and Starfield (1983)]
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» Based on the use of a Green’s function

*  Summing the effects of displacement discontinuities at the N elements on the boundary
» Suitable for crack modeling

» Less expensive compared to the common numerical methods like finite elements

Conducted test cases and reproduced previously reported results by van der Veen’s [1998] and
Lai et al. [2020].
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Governing equations-viscous model

*  Full Stokes equations.

» Periodic boundary conditions on stresses.

» Domain stretches in time by the stretching rate Vx and is quasi-periodic on
velocities.

»  Coupling between viscous flow and elastic fracturing takes the forms of: viscous geometry.
update of the ice, and pre-existing viscous stress at the time of fracture initiation.

|
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Overview
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Results +

Surface crevasse calving
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Results

Surface crevasse calving
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Results

Surface crevasse calving
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Results

Surface crevasse calving
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Calving types

o o

Increase in scaled extensional stress

Decrease in scaled water table
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Summary

Knowledge gaps covered:

» Developed a visco-elastic model that captures cracks
geometry evolution in time

» Categorized different calving types

* Investigated the effect of controlling parameters

Goal: Multiple basal and surface
crevasses in a viscoelastic domain
Cracks deform viscously and forcing
changes in time

Not limited to tabulated functions for the parallel-sided ice slab with a single branch cut

A useful tool to train a low-dimensional representation calving law for an ice sheet model

Key conclusions:
» Purely stress-based calving laws may not robustly describe the calving behaviour and a visco-

elastic model is needed

v" Maryam Zarrinderakht, Christian Schoof, Thomas Zwinger, A leading-order viscoelastic model for
crevasse propagation and calving in ice shelves, The Cryosphere, Submitted.
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Elmer Repository augmentations

* We need/want to make EImer compliant with
SQAaaS (Software Quality Assessment as a
Service)

@ SQAaaS

* This is about best practices on how HPC
software is organized, tested, deployed

* It also contains certain rules on what has to
be included in the repository and how
repositories have to be organized

* Next few slides shall pick out what might be
of interest — yet, | guess of limited direct
impact —to you
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https://sqaaas.eosc-synergy.eu/#/

Elmer Repository augmentations

o tzwinger change in typo of CONTRIBUTING filename Latest commit a7abess 3 days ago %) History

Ax 1 contributor

i= 172 lines (102 sloc) 9.26 KB <> D Raw = Blame g |~ T

Contributing to EImerFEM

25 B Thank you for your interest to contribute to ElmerFEM! fs:2

The following is a set of guidelines for contributing to Elmer, on GitHub. Without wanting to impose too much constraints on your contribution,
please see this documents as a general guideline.

Table Of Contents

Code of Conduct

| just have a question to ask about Elmer!

What should | know before | get started?
» Elmer code development philosophy

How Can | Contribute?

» Reporting Bugs
= Suggesting Enhancements
= Vaur Firct Cada Cantrihitinn
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Elmer Repository augmentations

¥ EOSC ~  elmerfem / CODE_OF_CONDUCT.md Go to file

o tzwinger added Code of Conduct file to repositry Latest commit 5da4704 4 days ago D) History

A1 contributor

‘= 132 lines (97 sloc) 5.36 KB <> D Raw Blame V4 ~ | U

Contributor Covenant Code of Conduct

Our Pledge

We as members, contributors, and leaders pledge to make participation in our community a harassment-free experience for everyone,
regardless of age, body size, visible or invisible disability, ethnicity, sex characteristics, gender identity and expression, level of experience,
education, socio-economic status, nationality, personal appearance, race, caste, color, religion, or sexual identity and orientation.

We pledge to act and interact in ways that contribute to an open, welcoming, diverse, inclusive, and healthy community.

Our Standards

Examples of behavior that contributes to a positive environment for our community include:
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Elmer Repository augmentations

* This Code of Conduct is adapted from the Contributor
Covenant, version 2.1, available at https://www.contributor-
covenant.org/version/2/1/code of conduct.html.

* Community Impact Guidelines were inspired by Mozilla's code
of conduct enforcement ladder.

* For answers to common questions about this code of conduct,
see the FAQ at https://www.contributor-covenant.org/fag.
Translations are available at https://www.contributor-
covenant.org/translations.
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Elmer(/ice) citeable repository

* Publications often demand DOI’s (Digital Object Identifiers) to
the used software

* We will need this for EImer(/Ice)

* We have about 10 publications in average per year — so worst
case is that we have 10 copies of Elmer on some DOI
augmented repository (e.g., Zenodo)

* What should we do?
oEveryone does their own citable copy of GitHub repository
oWe (=CSC) take care that citeable DOl is available?
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Elmer(/ice) citeable repository

* We (=CSC) take care that citeable
DOl is available?

oWe have several hundred commits per
year

oWe have about one release every 2 years
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* Isit enough to just put releases
citeable to Zenodo?

o Fewer disk-space going to waste

* Or: Should we add atagto a
certain Elmer version used in a
paper and make that tag citeable?

oDon’t know whether Zenodo does
incremental updates



Elmer(/ice) citeable repository

* We already have a Zenodo
webhook at place

Webhooks
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Elmer(/ice) citeable repository

* We already have a Zenodo
webhook at place

* Possibility to transfer everything

o Or selectively new tags and branches

0S50, to our understanding we cannot
selectively transfer tags to Zenodo
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Elmer(/ice) citeable repository
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* We already have a Zenodo
webhook at place

* Possibility to transfer everything

oOr selectively new tags and branches

0S50, to our understanding we cannot
selectively transfer tags to Zenodo

* At the moment only Releases

obut we haven't releases in the GitHub
sense, only tagged versions under a
dedicated branch —so there’s nothing
from ElImerFEM GitHub at the moment



Elmer/ice future plans

* Elmer/ice is part of an EuroHPC CoE on natural hazards hn
Funded by the Europesn Union, This work has recsived funding frem the European High Performance _** ’ .'_ EurcHPC
Computing Joint Undertaking (JU) and Spain, Italy, Iceland, Germany, Maorway, France, Finland and Croatia R &
under grant agreement No 101093038,

ChEESE

* We contribute with GLOFs models and some aspects of calving

* Like for the existing implementation of GPU offloading using w5 o 20 a0
AMGX (Nvidia) we want to implement a similar solution for :)U Y P
AMD GPUs (LUMI #3 Topsoo, hosted at CSC)

* We should have possibilities to port and test ElImer(/Ice) on > 85os [hss [1ak2s 46650
ARM-based HPC installations (like Fugaku, #2 Top500) , 265 [or6s oms om0

T. Zwinger, J. Ruokolainen & G.

. . Gadeschi, 2020
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CSC

facebook.com/CSCfi

twitter.com/CSCfi

o Elmer

Open source finite element software
for multiphysical problems

youtube.com/CSCfi

linkedin.com/company/csc-—it-center-for-science

github.com/CSCfi

OB 003

Kuvat CSC:n arkisto, Adobe Stock ja Thinkstock
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