GROUND MOTIONS AND
GROUND FAILURE IN THE CSZ:
LOOKING MOSTLY FORWARD
AND A LITTLE BIT BACKWARD
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Motivation: Looking Forward

U Groundailuredamagesfrastructurdninderposteventmobilityandrecovery
U Forexample
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Motivation: Looking Forward

U Inthe CSZregionakcaleassessmenrt$ coseismigroundfailure are limited,have
beenresignedo manysimplifyingonservativassumptions

DHS (201 . . .
(2019) U Predictedmpactdo WA transportatioassets M9 event

Resiliency

Assessment : :
2,669 bridges,2,755 kmof roads,1,815 kmof rail, and8

Washington State

Transportation Systems . . . . .
r= § portswill likelyberenderedinavailable&ueto liquefaction

U Begdurtherresearcluthighlightgpotentiaimpact




Motivation: Looking Backward

U Soiliguefactiomndlandslideare uniqgueamongptherpaleoseismartifacts

Paleoseismic Evidence

Earthquake Parameters Obtainable
from Evidence

Rupture Date /
Recurrence Rate

Resultant Grounc
Motions

Dendrochronology

n

?

Diatoms / Microfossils

Other Subsidence Markers

Tsunami Deposits / Impacts

On- & Off-Shore Turbidite Records

On-Fault Evidence

Landslides / Rockfall

Soil Liquefaction

Feltintensity evidence
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Very useful for recurrencerate
— and/or tectonianovementyut not
explicitlytiedto groundmotions

-~ Cano r e cgooundndotions

U Modelsxistfor predictingheseohenomenasa functiorof groundmotions



Motivation: Looking Backward

0 IntheCSZconsiderable p al e o | i hgbeeridiacoveredo n O
U Evidenchasbeencatalogedromleastl85 locationgsomewithdozen®f featuresy!
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Modeling Ground Failure

U Liquefactiomodels generally fall into 3 tiers:
Tier 1 Tier 2 Tier 3
Geospatial Models a{ AYLX A FTASHE| aSadtutyeaMidels O
S Models
w X ; Nz “‘t_."o — "
‘_AK N | 4’%{;#,,\ x}:ess Pore Pressure Ratjo, 0

U Tierl: Requiresnlygeologicor geospatiatiatg limitedby lackof subsurfacdata
U DemandPGAor PGV

U Tier2: Requirestsitutestdata mostvalidatecandwidelyusednodein practice
U DemandPGA(rarelyCAV,Sa)

U Tier3: Requiremanysoil/modeparameterscanprovidespatial/temporainsights
U DemandTimeHistories



Modeling Ground Failure

U Landslidenodels can be described by the samee ®pology:

Tier 1 Tier 2 ‘ Tier 3
Geospatial Models a{ AYLX A FTASHE| aSadtutyeaMidels O
| GLiIVII Li’th0|0§IJy M Od e IS
Pr N —— (4%
E:WQ 11I 13 15 J‘i- k= ‘
[ EEENNENES BN ' :

U Tierl: Requiresnlygeologicor geospatiatiatg limitedby lackof subsurfacdata
U DemandPGAor PGV

U Tier2: Requirestsitutestdata mostvalidatecandwidelyusednodein practice
U DemandPGA(rarelySa,Duration)

U Tier3: Requiremanysoil/modeparameterscanprovidespatial/temporainsights
U DemandTimeHistories
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Looking Forwar@iscretd’rediction®f Liquefaction
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Looking Forwar@iscrete Predictio@$ Liguefaction
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Looking Forwar@iscrete PredictioofsLiquefaction
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Looking Forwar@.ontinuous Predictiohd.iquefaction

U UsinggeospatiaMLandHPCweprecomputeliuefactiomloballyfor all GMs4.
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Looking Forwar@.ontinuous Predictiohd.iquefaction

U Executedhodeldor 100 PNW scenari@ventgM9 andnumerousrustakvents)
CSZ M9 Medlan Scenario
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Cite This Data:
Sanger, M., B. Maurer (2025). Pacific Northwest Liguefaction Hazard Simulations. DesignSafe-Cl. https://doi.org/10.17603/ds2-1ryc-Owd0
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Looking Backward: Liquefaction

U Studied? 10 paleoliquefactiostudysitesv/ CPT¢includingpew CPTsia USGS)

U Judgingwhetheliguefactiondid, or
did not, occurin 1700 CEinvolves
subjectivitjhasuncertainty

U Observation uncertaintiesassigned
Consideringll availableevidence

Site Probability that 1700 Probability that 1700
Score Observation is Positive (% )Observation is Negative (¢
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Looking Backward: Liquefaction

U O c-B8030is mostikelyto produceour
interpretation of the 1700 CE
paleoliquefactioavidence
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Looking Backward: Liquefaction

0 Howto interprethisdifference?

1) Significant 700 liquefactiorevidence &

2)

3)

4)

awaitsdiscovery?
Componennodelsisedo predictsite
responséiquefactiorare erroneous?

1700 motionsverelessthanM9 sims
In partsof CSZ?

If so,was1700 slightlysmallerthan
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werethemotiongess?
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Key Needs

1. Groundmotionsimulations/ould ideally includesite responséi.e., site effects) many
simulationdo not Soilscanimpartdramatiacchange$o theexpectednotion
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Key Needs

2. Uncertaintpf regionakcalesiteresponse/ouldideallybe characterized
a. Urcertaintyof soitvelocitymodeislarge

Shear Wave Velocity (m/s) Sigma In(Vs)

Shear Wave Velocity (m/s)
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Key Needs

2. Uncertaintpf regionakcalesiteresponse/ouldideallybe characterized
a. Urcertaintyof soitvelocitymodelslarge
b. Uncertaintpf soiltraits(needfor modelinghonlinearityis large
c. Differentmodelingnethodsangiveverydifferentresultdor sameprofile
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Key Needs

3. Forbackwardookinganalysesyeed
moredatingof paleoliquefaction!
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Key Needs

3. Forbackwardookinganalysesyeed
moredatingof paleoliquefaction

4. forwardandbackwardanalyseseed
moresubsurfactestdata(e.g., CPTs)

Cone Peetrtion Test uk



