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Overview
We are developing the DynaShake Computational
Platform, as part of the SCEC PetaSHA project.

SCEC DynaShake Computational Platform

Toward the investigations of the physics of rupture and ground-motion excitation

DynaShake assembles algorithms, codes, and
computational and geoscience expertise for high-
performance simulation of dynamic rupture at high
resolution, directed toward investigations of the
physics of rupture and ground-motion excitation. An
essential element of DynaShake is the development
of highly scalable codes for 3D rupture simulation,
with dynamic simulations of the SOSAFE (Southern
San Andreas Fault Evaluation) ShakeOut scenario
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serving as a testbed for this development. The
ShakeOut rupture scenario initiates near Bombay
Beach and propagates unilaterally 300 km toward
the northwest up to near Lake Hughes, posing a
considerable computational challenge for dynamic
rupture simulation because of the very large
outerscale length of the problem.
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The ShakeOut scenario defines not only the rupture-
surface and moment magnitude of the event, but also
prescribes the final surface slip distribution resulting
from the rupture. We developed a “slip-matching”
technique for constraining initial (shear and normal)
stress conditions in simulations such that they conform to
scenarios defined in this form. The slip-matching method
iteratively performs kinematic and dynamic simulations

at low resolution to find initial stress distributions that (i) B8

have  stochastic irregularities  compatible  with
seismological observations, (ii) satisfy frictional strength
limits at shallow depth, (iii) are slip-matched to surface
displacement scenarios, and (iv) rupture the full length of
the specified scenario.

Preliminary Findings

Source models were derived from stochastic S|Ip
distributions using Gaussian (G) and Von Karman (VK) £
correlation functions. While the series of models show a

wide variety of complex rupture patterns, all closely !_;AL_O_-_] Lot =Pl s W P,
s Te.] E.“: 4 “_%{‘_‘J

reproduce the target surface-slip distribution and moment

magnitude (Mw 7.8). The G and VK models vary greatly *

in their fault-plane distributions of stress drop, peak slip
velocity, final slip and rupture time, even though averages
are nearly identical. For example, compared with the G
models, the VK stress models entail higher peak values of
the dynamic stress drop, show smaller-scale spatial
fluctuations in slip and the rupture front is developed with
smaller wavelength structure. This work has thus far been
done with 400m grid spacing, using the new Staggered-
Grid Split-Node (SGSN) Method (Dalguer & Day,
JGR,2007) for rupture simulation, which has well-verified
accuracy and efficiency. The current results are guiding the
design of higher-resolution models to investigate the
effects of realistic friction laws, geologic heterogeneity,
and stress states on rupture and wave propagation.

Seismic risk

Friction Laws
The DynaShake platform includes friction
modules for both linear and nonlinear slip-
dependent frictions laws, as well as
prototypes of rate- and state-dependent
friction modules, including a generalized
formulation with strong velocity weakening
to represent thermal weakening. When the

latter is integrated into the SGSN method, |

the coupled system (state variable, slip-rate
vector, fault traction vector) can sometimes
become very stiff, requiring an implicit ODE
solver based on backward differentiation, as
described in a companion poster presented
by Rojas et al. These friction modules will
be used to compare the effects of different
friction laws on rupture behavior and
examine their compatibility with ground-
motion observational constraints.
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Friction law #1 (slip weakening)

Fracture energy

d,  Slip(s) d, Slip(s)

7Ts(do_s)+7ds(do+7)
=1 dy(s+7)  dy(s+y)
Ty

fory>>s

do 4y

y = Define non-linearity y>>s then = linear weakening
7, = Initial shear stress, 7, = Static friction, z, = Dynamic friction
d, = Critical slip-weakening

Nonlinear slip weakening friction models may
emulate some characteristics of more realistic
shear strength vs slip behavior, e.g., weakening
due to thermal pressurization of pore fluid.

RACEDIEX

Friction law #2 (rate and state): In progress
(see poster by Rojas et al.)

Aging law:
grjv,e) =o,[ f,+ain(V/,)+bin(V,6/L)]
0=1-Vo/L

Slip law: £ (V,0) =0n[a|n(V/Vo)+WJ
y)z_%[f ~ (V)]
f (V)= f,—(b—a)In(V/V,)

Slip law with flash heating: Same equations of slip law but

f(V)= fagng = To—(0=a)IN(V/V,) if V<V,
s f, +[ festaging) — fW]VW/V it V>V,

0 and y = State variables
V = Sliprate (V, = steady state reference, V,, = weakening)
f = Friction coeficient (f,, = steady state, f, = at steady state \/, , f, = weakening)

a,b = Friction parameters

The Southern San Andreas Fault Evaluation (SoSAFE) ShakeOut Rupture Scenario (Mw=7.8)

Stochastic stress drop( Azg,)
& (Ripperger & Mai, GRL, 2004)
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Stochastic slip (Sg,)
(Mai & Beroza, JGR, 2002)

GAUSSIAN MODELS (Correlatlon length ax=10.0km, az=5.0km)
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SLIP MATCHING TECHNIQUE

Az, (X, 2) =T (2)p'(X, 2)Azg (X, 2)
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VON KARMAN MODELS (Correlatlon length ax=30. Okm az= 5 Okm Hurst exponent H=0.8 or 1.0)

Slip on the surface (m)

V2 —V3 V4 ——Target

T,
" :
% E; — = = _h -E
I g
5 - = - = 8
g
I & Slip=3.9m, Max slip=83m
— — = — T —— ]
3
, i ;
" = - - .
£ ] ] . ) I ) e
5
[=]

Depth(Km)
o 2

“‘\/JJWMIA “_/w..'\/\;\""“‘\,___.,..

Peak Slip rate on the surface (m/s)

V1 V2 3 Va4 —¥ arget

Depth(Km)





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


