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MOOSE-FARMS | What is MOOSE framework [1] ?

Training[ ] Getting Started ] Documen tation[]  Gallery News Citing GitHub )

M MOOSE

Multiphysics Object- Oriented Simulation Environment

An open-source, parallel finite element framework

[ [ []

Proven Capability Rapid Development Active Community
®  Scalability to over 30,000 cores e Simple installation e Active discussion forum
e  R&D 100 winner in 2014 e Extensive tutorials e Over 100 contributors
®  Wide variety of applications e Built-in physics modules e Over 500 publications
e Natural multi-scale capability ¢ Over 10 million tests run per week
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Advantages:

= Parallelization and Scalability
= Multiphysics Coupling

MOOSE-FARMS: Fault And Rupture Mechanics

Simulations
isan App Based on MOOSE.

Github:
https://github.com/chunhuizhao478/farms.git
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MOOSE-FARMS | Code Structure/Capability

= Governing Equation / Flow Chart
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MOOSE-FARMS Verification: TPV205-2D Benchmark

= Mesh Setup

Simulation Domain: 50km in both directions

Mesh Size: 100m
Element Type: QUAD4

NDOFs: 2,006,004

Figure: 2D Mesh Configuration

u N umer | Cal Sl mu I a.tl on Variable Value Description |
) 2670 kg /m3 Density
A=pu | 32,04 GPa Lame Parameters
. . . 0
Time Integration Scheme: Central Difference T;  120MPa Background

7 | Normal Stress
T? 81.6 MPa, |x| < 1.5km Background Shear
78.0 MPa, —8km < x < —6km | Stress
{ 62.0 MPa,6km < x < 8km

Solve Type: Lumped Mass

70 MPa, else
Time Step: 0.005s. (Bounded by CFL condition) D 04m fﬂj;aﬁtensm
Con, {0.677, |x| < 15km | Static Friction
. . . . 10000, |x| > 15km Parameter
Total Simulation Time: 12s w0525 Dynamic Friction
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Ax 100 m Mesh Size

/ (@ JTAH o, Figure: P ter Tabl
S C/ E C r@UAKEWORX I -II;A(EI-El M‘)Idaho National Laboratory 'gUIe. Farameter 1able

AN NSF+USGS CENTER m— U.S. Department of Energy



MOOSE-FARMS Verification: TPV205-2D Benchmark
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Figure: Time History of Slip rate (FE - 50m, FE - 100m, Moose) at locations 0 km, 4.5 km, -4.5 km
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MOOSE Implementation Verification: TPV205-3D Benchmark

= Mesh Setup

Simulation Domain: (30km X 30km X 30km)

Mesh Size: 200m
Element Type: HEXS8

NDOFs: 10,397,256

= Numerical Simulation

Time Integration Scheme: Central Difference
Solve Type: Lumped Mass
Time Step: 0.005s
Total Simulation Time: 12s
=~ JUTAH
C/EC |
SC/EC ((@uakeworx T force
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Figure: 3D Mesh Configuration

30 km

3 km

7.5 km

7.5 km

30 km

.. 7

Shear Stress Distribution

Variable Value Description
p 2670 kg/m?® Density
A=pu 32.04 GPa Lame Parameters
T? 120 MPa Background
Normal Stress
TY 81.6 MPa, |x| < 1.5km Background Shear
(6km < z < 9km) [78.0 MPa,—9m < x < —6km | Stress
62.0 MPa,6km < x < 9km
70 MPa, else
D, 04m Characteristic
Length
Uy [0.677, |x| < 15km Static Friction
10000, |x| > 15km Parameter
Ha 0.525 Dynamic Friction
Parameter .
Ax 200m Mesh Size Figure
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Figure: Fault Surface Background



MOOSE Implementation Verification: TPV205-3D Benchmark

TPV205 slip time history at strike 7.5km and at dip 0.0km TPV205 slip time history at strike -7.5km and at dip -7.5km TPV205 slip time history at strike 4.5km and at dip 0.0km TPV205 slip time history at strike -4.5km and at dip -7.5km
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Figure: Time History of Slip rate and Slip (FE - 100m, Moose-100m-HEX8)

S C/ E C UAKEWORX I F.@-II;A(EI-El m)ldaho National Laboratory

AN NSF+USGS CENTER U.S. Department of Energy



MOOSE-FARMS | Verification Benchmark Casel’l: TPV14-2D, TPV15-2D

= Problem Setup Variable Description

Right-Lateral

Nucleation zone Junction point

Main fault p Density 2670kg /m?3
12 km
Branch fault
TR | A=u Lame Parameters 32.04GPa
‘Ism rw/
-
Main Fault 70.0MPa
15 km 3 km T
3 km
.\ Initial Shear . h |
i T? Stress ranch Fault 70.0MPa
16 km
12 km .
7 Nucleation Zone 81.6MPa
\T—VX i3 Initial Normal Stress 120.0MPa
D, Characteristic Length 0.4m
o U Static Friction Parameter 0.677
Main fault Junctmn‘pmnt . o
; b 100m Ug Dynamic Friction Parameter 0.525
. ¥ —
! " ! ! ! i ! ! Ax Element Type & Size TRIA3, 100m
RN f00
AR wh\"' L Domain Size 40km in x direction
Split nodes J," e 38km in y direction
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LA
t Total Simulation Time 12s
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MOOSE-FARMS | Verification Benchmark Case: TPV14-2D, TPV15-2D

= TPV14 Slip/Slip Rate Plots

Slip Rate Time History At Main Fault Locations -2km, 2km, 5km, 9km  Slip Rate Time History At Branch Locations 2km, 5km, 9km
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Figure: Time History of Slip rate (FE - 100m, Moose-100m-TRIA3) at locations -2km, 2 km, 5.5 km, 9 km
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MOOSE-FARMS | Verification Benchmark Case: TPV14-2D, TPV15-2D

= TPV14 Slip/Slip Rate Plots

Slip Time History At Main Fault Locations -2km, 2km, 5km, 9km Slip Time History At Branch Locations 2km, 5km, 9km
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Figure: Time History of Slip (FE - 100m, Moose-100m-TRIA3) at locations -2km, 2 km, 5.5 km, 9 km
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MOOSE-FARMS | Verification Benchmark Case: TPV101-2D

SCEC Benchmark TPV101
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MOOSE-FARMS | Verification Benchmark Case: TPV101-2D
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MOOSE-FARMS | Code Application: 2023 Turkey-Syria Earthquake
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MOOSE-FARMS | Code Application

Zhao et al (2024)[9], 2024 SCEC Annal Meeting Poster[10]

F(e,a,Va,B) = (1 — B)F,(€,a,Va) + BF,(€%)

da 1-B)[C41,(§ -§,)] +DVZa, §£=¢&,
Where: at

a
ot~ |(1-B)[Ciexp <C—> LE-§&)  §<&
12, D 2
Fy(e, o, Va) = p ZH+ul; - yI /T, + SV Va aB

_{(1—3)[C312(f_fd)], §=¢&,
1 3 at Cpul(§—$a) §<$a
1
Fb(E) = ;(aolz + a111\/1_2 + azl% + as \/_I_Z>
S value network distribution

Figure: Interface friction couples with off-fault damage and
breakage [9]
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Figure: Fault zone as high damage tabular
region [10]
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MOOSE-FARMS | QUAKEWORX

The simulators developed in MOOSE-FARMS are available
(to-be available) on the QUAKEWORX science gateway for

democratizing access to earthquake simulations and data.

https://qwx1.onescienceway.com/apps/all

App type

-Any -

o o
Jupyter
WEB APP / DOCKER

Jupyter Notebook

ver. 01.0
system. AWS System (EC2)

Jupyter Notebook

BATCH APP / EXECUTABLE

Tandem

ver. main_17c42dc9ae0ec519d
cc1b5732681b2e4054666f1
system. Expanse service

Tandem app

SC/EC

AN NSF+USGS CENTER

Search

# MOOSE

BATCH APP / EXECUTABLE

Moose-FARM

ver. 0.0.3
system. Expanse service

Moose simulator

UCERF3-ETAS
BATCH APP / EXECUTABLE

UCERF3 ETAS

ver. 02b30e5
system. Expanse service

UCERF3 ETAS Application

=

£ QuakeNn

BATCH APP / EXECUTABLE

QuakeNN

ver. 0.01
system. Expanse service

QuakeNN simulation

BATCH APP / EXECUTABLE

UCERF3-ETAS

ver. 02b30e5
system. Expanse service

UCERT3 ETAS application
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(@Quakeworx T L%"EI

U.S. Department of Energy

Seis\ Sol

BATCH APP / EXECUTABLE

SeisSol

ver. 0.0.2
system. Expanse service

0.0.2

Home / Node / Moose-FARM

Launch

Application type

@ Moose-Farm

Dynamic CDBM

*
Job name

Moose-FARM_4
Specify a name for this job
Input file *
Choose File no file selected

One file only.
512 MB limit,
Allowed types: i.
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% Idaho National Laboratory
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MOOQOSE-FARMS |References

= Future Work

- Document the existing validation cases
- Validate code with TPV10/TPV11 with dip-slip fault, 60 degrees angle
- Contribute the results for TPV35 and TPV36
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Thanks for your listening! Any questions?
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