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Motivations: Looking Forward

U Liquefactionresultsin a suddenloss of soil strength, causespermanentground
deformationanddamages widearray of infrastructurassets




Motivations: Looking Forward

U In the CascadigSubductioZone(CSZ),regionalscaleassessmerd$ liguefactiorare
limited,havebeenresignedo manysimplifyingconservativassumptions

U Predictedmpactsn M9 eventusingdo H A Z tyggeapproach

Resiliency
8 Assessment

Tarspraton Sy 2,755 kmof roads,1,815 km of rail, 837 bridges,and 8
portswill likelybe renderedinavailableluepredominantlio
liguefactiorfconsiderednlyWA stateinfrastructure!)

U Begdurtherresearclhbuthighlights 1 q u e fpdeatialis@aggérmgmpact
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Motivations: Looking Backward

U Simulationsf CSZM9 groundmotlon@] are understandablyncertainForexample
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U Whatcanpaleoliquefactiotell usaboutmotionsn thelast(1700 CE)CSZevent?
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Modeling Liquefaction

U Liguefaction models generally fall into 3 tiers:

Tier 3
4 R SCorstitutive Models

Tier 1
Geologic/Geospatial Moddls

'1

|| - i 0
xcess Pore Pressure Ratjo,

U Tierl: Requiresnlygeologicor geospatiadata Usedat regionalscale A rangeof
complexitiefutall are limitedby lackof subsurfacmformatior{e.g., HAZUS)

U Tier2: Requiregtrsitugeotechnicabestmeasurementdsedat sitescale By far most
widelyvalidatedandcommonlysednodelin engineeringractice

U Tier3: Requireaumerousoilandmodelparametergtypicallycalibratedagainstcyclic
lab data). Usecdat projectscaleCanprovideadditionakpatial/temporainsights




Modeling Liquefaction

U Liquefaction models generally fall into 3 tiers:
Tier 2 L

VoY

| a{iNBaSBRE

U Tier2: Requiregtrsitugeotechnicabestmeasurementdsedat sitescale By far most
widelyusednodein engineeringractice

Most common/validated approach, butrequirespic i1 f 1 ¢ t est



Modeling Liquefaction

U Several types of-situ test data can be used to predict liquefaction, but Cone Penetrat
Test (CPT) data is generally favor&8k$10k per test

Tip Resistance, Soil Behavior
q. (MPa) Type, I,
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Looking Forward

U Goal
U Predict liguefactianduced ground failure, for each of 30 CSZ M9 simulations, at
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Looking Forward: Site Response

U M9 CSZsimulationgsedegionalvelocitymodewithminimunvs of 600 m/sl3l.
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31 Stephenson, W. J., Reitman, N. G., & Angster, S. J. (2@hd) Swvave velocity models incorporating the Cascadia subduation z
for 3D earthquake ground motion simulations, Versiotupdate for Opeifrile Report 20081348 (No. 20171152). USGS.



Looking Forward: Site Response

U Simulatednotionsnusbe modifiedfor localcondition$V, structurec 600 m/s).

What data is available to
define neasurface
velocity structure?

t 600 m/s



Looking Forward: Site Response

U Whatdataisavailableto definenearsurfacevelocitystructure?

1) Measured Vs profiles (sometimes)

Shear Wave Velocity (m/s) Sigma In(Vs)
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Looking Forward: Site Response

U Whatdataisavailableto definenearsurfacevelocitystructure?

2) Vggopredictions (always)

Geyin & Maurét Vg, Model:

0

0]
0]
0]
0]

Data from 7000 sites
17 geospatial predictors
ML ensemble model

48°30'0"N

Predictions updated in field 3

US national coverage

47°30'0"N

47°0'0"N

123°3|0'O"W 123°(|)'0"W 122°3|0'0"W 122°0'0"W
nga (mls) — o
<259 [o 4% N .
| [ 259-360 %’;"% g
| 1360537 @
[ ]537-760
4 I > 760 o, = 2 n &

e,

47°30'0"N 48°0'0"N

47°0'0"N

123°30'0"W

123°0'0"W 122°30'0"W 122°0'0"W

123“3|0'O"W 123°(|)'0"W 122°3|0'O"W 122°(|J'D"W
e L .‘_ N
In (obs/pred) |- " *«‘ )
D <~0.2 J / “, P> N " ¥ pd
] -0.2--0.1 oon N |3
[]-0.1--0.05 BT & ‘ &
[1-0.05-0.05 ~ 8
[]0.05-0.1 R e
7 D N %
[Jo.1-0.2 2D ‘ :' B o -5
> " o o)
Bl >o0.2 ey X @
'}'s | . \ ks “: s
P 3 : '.n . E“.:;. 3 F !
j/' } 28 -h'!"-‘_‘ i %
Sk f - g O R - e O
. "';:} * l'/ J r r ‘.:.-’ Y 3 gq
N i ({, - . P~
} } LL R
5 O >
'. - " . ;
® Z
: km |-2
R ]
Q.. 25 550 100.
T T T I
123°30'0"W 123°0'0"W 122°30'0"W 122°0'0"W




0

0]
0]
0]
0]

Looking Forward: Site Response

U Whatdataisavailableto definenearsurfacevelocitystructure?

1) Measured Vs profiles (sometimes)
2) Vggopredictions (always)
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[4l Geyin, M., & Maurer, B. W. (2023). US National VS 30 Models and Maps Informed by Remote Sensing and Machine Learnir
Seismological Research Letters 94 (3). 77



Looking Forward: Site Response

0 Whatdataisavailableto definenearsurfacevelocitystructure?

3) Vgprofile predictions (always)

Several general and regispecific soil velocity models are available (e.g., Shi and Asimaki

0 h o c®i

w (& . )
o(p 6(@ ¢®)h a cdli

0 A, B, C are fitting parameters conditionedg@p V

o Trained on California profiles.

o Others (e.g., Wirth et al. 2021) have since trained similar models on Pacific Northwest profile
o Limitation: all sites with sameg,Wave sameJprofile.




Looking Forward: Site Response

0 Whatdataisavailableto definenearsurfacevelocitystructure?

Vs (m/s)
0 200 400

4) CPT data (sometimes)

Many CP-Vsmodels are
available, including some that
are region specifi@
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Looking Forward: Site Response

U Approachnabsencef sitespecifid/s profile

1) Predict \;5 by Geyin and Maurer (2023)
2) Predict \édepth by Wirth et al. (2021)

Depth (m)

10

20

30

40

50

Vg (m/s)

100 200 300 400

CPT-Vs
—SVM-Vs
Vs Optimized




Looking Forward: Site Response

U Approachnabsencef sitespecifid/s profile

1) Predict \;5 by Geyin and Maurer (2023)

2) Predict \édepth by Wirth et al. (2021)

3) When available, predictepth via
ensemble of 6 CRE. models
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Looking Forward: Site Response

U Approachnabsencef sitespecifid/s profile

1) Predict \;5 by Geyin and Maurer (2023)

2) Predict \édepth by Wirth et al. (2021)

3) When available, predictepth via
ensemble of 6 CRE. models

4) Update regional model
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Looking Forward: Site Response

U Totalstressiteresponsanalyseperformedrsia PySeismoS@AsimakandShi,2017)
U HybridHyperbolisoilmodel propertiegstimatedromV, in eachayer
0 BothEQLFDandNLanalyseperformedNLadopted)

PGAy. (9)
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