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The PEER June 2021 Pacific Rim Forum on

Regional-Scale Earthquake Simulations

PEER International Pacific Rim Forum
June 16-17, 2021

241 participants
41 presenters

‘ii ii’ PACIFIC EARTHQUAKE ENGINEERING
RESEARCH CENTER

The PEER International Pacific Rim
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Forum 2021: Regional-Scale Simulations
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* Identified a priority need to create an open-access database of
simulated ground motions for both research and practitioner communities



As a follow-on to the Forum, PEER created a

Simulated Ground Motions Database Committee

Pedro Arduino David McCallen Morgan Moschetti
Uw UNR/LBNL USGS

PG : \:‘ ‘ AK \‘ - D AT 2 | :: S
Floriana Petrone (Chair) Arben Pitarka Ertugrul Taciroglu
UNR/LBNL LLNL UCLA



SMGD Committee’s long-view mission flowing

out of the Pacific Rim Forum discussions

Metadata

- - User interface Simulated Ground Motion Database

Objectives etc.
DEFINE the path forward for the
progressive inclusion of simulated
ground motions in a PEER database .PEERSimuIatedGroundMotionDatabase eeeeeeeeeeeeeeeeeeeeeee
DEVELOP a plan for the s hEiE:t Example
characterization of uncertainties
IDENTIFY compelling use casesto @ | ™
evaluate utility and early success of = |@irssmisocomimomons o
simulated ground motions use Examle

® Search stations by distance

PROVIDE guidance on the appropriate
use of simulated ground motions in PBEE
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Two concurrent projects on regional-scale

earthquake simulations are underway

PEER SGD - A framework for efficient data storage and fetching
for Performance Based Earthquake Engineering (PBEE) applications

Old - Spatially sparse measured motions ~ New - Spatially dense simulated motions

“"||| m REER Ground Motlpn Database \ - 4 _west2
I,l Pacific Earthquake Engineering Research Center

EQSIM - Advanced workflow and GPU-based platforms for regional-scale
simulations of ground motions, infrastructure response and data display




The EarthQuake SlMulation (EQSIM) application

was purpose-built for exaflop systems

Geophysics > Engineering >

Regional-scale Geophysics ground motion Infrastructure response Infrastructure
domain simulations simulations demand / risk
(billions of zones) (thousands of stations)

Key questions to be addressed...

What is the regional distribution of ground How do complex (realistic) incident
motions and associated infrastructure response? seismic waves interact with infrastructure?

Surface waves
Inclined body waves
3D site response

- SSI
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building




DOE’s new exaflop platforms are here!

Frontier is in final stages of acceptance testing

1 019 Data from: Top 500 list at top500.org
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Three distinct components of workflow have

been advanced for fault-to-structure simulations

Component 3
Interactive display and
interrogation of large
datasets

Component 1 Component 2
Regional simulation of Regional simulation of
ground motion infrastructure response
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Regional Geophysics Model
(M7 Hayward fault earthquake)

Fmax 10 Hz Vsmin 140 m/s

391 Billion grid points Local Soil / Building Model

- Soil-structure interaction
Complex 3D waves
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GPU-accelerator platforms have expanded

the higher fidelity regional simulations

1
Fmax=10Hz |
. 1 .
Computational effort of : Vsmin=140 m/s |
_— - 1
| 2 0 all San Francisco Bay : | / | |
= itldhan;;zgg 2 - | Area (SFBA) simulations i v !
agaar E il - I . 1
B Graves2008 s 10°; performed to-date : :
B Harmsen2008 = i i ® :
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@ Petersson2008 8 All prior SFBA I i :
: Harmsend2008A| @ 461 simulations = o i
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@® EQSIM2021B :
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Vsmin = 1000 m/s 2010 2017
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1536 nodes
4 GPU / node

)

4608 nodes
6 GPU / node

—

9000 nodes
8 GPU / node

GPU-accelerator platforms provide faster

turn-round for multiple regional simulations

One realization
Fmax = 5Hz
Vsmin = 250m/s
29.6 billion grid points
Wall clock time =9 hrs

One realization
Fmax = 10Hz
Vsmin = 140m/s
391 billion grid points
Wall clock time =42 hrs

One realization
Fmax = 10Hz
Vsmin = 140m/s
391 billion grid points
Wall clock time = TBD
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For the PEER SGD, we will use GPU platforms

for 10 realizations of a M7 Hayward fault event

We observe substantial
inter - event variability

Ten Hayward fault M7 realizations
(Graves-Pitarka rupture model)
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Storage requirements (Bytes)

3.14B

—®— Fmax 10 Hz Vsmin 140 m/s uncompressed 10 rupture realizations |  sites Fma)_( =10 Hz
—l— Fmax 10 Hz Vsmin 140 m/s compressed 10 rupture realizations le:ir:g Vsmin = 140 m/s
» 10" £ & Existing PEER NGA database
Sl 1 016 Ten 90 second Hayward fault earthquake datasets
& Time step size = 0.01 sec 3.22PB
1015 Each data value = 32 bit floating point
A
PEER o)\ %
14 9\0
© 10 NGA 38,800 74.9TB
(] sites
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Number of ground motion sites

# sites ~120,000/5

Down-sampled grid site density

# sites ~80,000/5
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An LBNL interactive tool has been developed

for data display and user download of data

Efficient handling of big data — 3.1347 bllllon surface sites

Data at 2Km spacing (2,300 surface sites)
X, Y, Z - disp., vel., acc. = 20,700 time series
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! File System Motion Time-history (HDFS5) i Option 1 - Click for specific station data

a2 |
NQRSC ] Option 2 - Click for all surface date

in an HDF5 data container (1.3 GB) 16



Click to select sites, motion components and GMPE comparison
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We are leveraging the expertise and work
of many critical EQSIM contributors

Engineering Mechanics Applied Math / Numerical Methods

David Floriana Anders Bjorn Wei
McCallen Petrone Petersson Sjogreen Liu

Computer Science Seismology / Geophysics

Houjun Ramesh Arben Arthur Rie
Pankajakshan Pitarka Nakata
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