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Motivations: Looking Forward

ü Liquefaction results in a sudden loss of soil strength, causes permanent ground 

deformation, and damages a wide array of infrastructure assets:



ü In the Cascadia Subduction Zone (CSZ), regional-scale assessments of liquefaction are 

limited, have been resigned to many simplifying/ conservative assumptions:

ü Begs further research but highlights liquefactionõs potentially staggering impact.

Motivations: Looking Forward

ü Predicted impacts in M9 event using òHAZUSó type approach:

2,755 km of roads, 1,815 km of rail, 837 bridges, and 8 

ports will likely be rendered unavailable due predominantly to 

liquefaction (considered only WA state infrastructure!).
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Motivations: Looking Backward

ü Simulations of CSZ M9 ground motions[1] are understandably uncertain. For example:

ü What can paleoliquefaction tell us about motions in the last (1700 CE) CSZ event?

[1] Frankel, A., Wirth, E., Marafi, N., Vidale, J., & Stephenson, W. (2018). Broadband synthetic seismograms for magnitude 9 

earthquakes on the Cascadia megathrust based on 3D simulations and stochastic synthetics. BSSA 108(5A), 2347-2369.
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Modeling Liquefaction

üLiquefaction models generally fall into 3 tiers:

üTier 1: Requires only geologic or geospatial data. Used at regional scale. A range of 

complexities, but all are limited by lack of subsurface information (e.g., HAZUS).

üTier 2: Requires in-situ geotechnical test measurements. Used at site scale. By far most 

widely validated and commonly used model in engineering practice.

üTier 3: Requires numerous soil and model parameters (typically calibrated against cyclic 

lab data). Used at project scale. Can provide additional spatial/temporal insights. 
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Most common/validated approach, but requires site-specific test dataé



Modeling Liquefaction

üSeveral types of in-situ test data can be used to predict liquefaction, but Cone Penetration 

Test (CPT) data is generally favored (~$3k-$10k per test):
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Looking Forward

üGoal:

üPredict liquefaction-induced ground failure, for each of  30 CSZ M9 simulations, at:

1. 400 sites where CPT data is available 

(includes 10 paleoliquefaction sites).

2. Continuously across the region.
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Looking Forward: Site Response

ü M9 CSZ simulations used regional velocity model with minimum VS of 600 m/s [3]. 

Soft Rock

[3] Stephenson, W. J., Reitman, N. G., & Angster, S. J. (2017). P-and S-wave velocity models incorporating the Cascadia subduction zone 

for 3D earthquake ground motion simulations, Version 1.6ñUpdate for Open-File Report 2007ð1348 (No. 2017-1152). USGS.



Looking Forward: Site Response

ü Simulated motions must be modified for local conditions (VS structure < 600 m/s): 

600 m/s

What data is available to 

define near-surface 

velocity structure?



Looking Forward: Site Response

ü What data is available to define near-surface velocity structure?

Kellogg Island, Seattle

Brush Island, Oregon

(a) (b) (c)

1) Measured Vs profiles (sometimes)



Looking Forward: Site Response

ü What data is available to define near-surface velocity structure?

[4] Geyin, M., & Maurer, B. W. (2023). US National VS30 Models and Maps Informed by Remote Sensing and Machine Learning. 

Seismological Research Letters 94 (3): 1467ð1477

1) Measured Vs profiles (sometimes)

2) VS30 predictions (always)

Geyin & Maurer[4] VS30 Model: 

o Data from 7000 sites

o 17 geospatial predictors

o ML ensemble model

o Predictions updated in field

o US national coverage
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Looking Forward: Site Response

ü What data is available to define near-surface velocity structure?

[5] Shi, J., & Asimaki, D. (2018). A generic velocity profile for basin sediments in California conditioned on VS30. Seismological 

Research Letters, 89(4), 1397-1409.

1) Measured Vs profiles (sometimes)

2) VS30 predictions (always)

3) VS profile predictions (always)

Several general and region-specific soil velocity models are available (e.g., Shi and Asimaki[5])

ὠᾀ
ὃ ȟ ᾀ ςȢυ Í

ὃρ ὄᾀ ςȢυ ȟ ᾀ ςȢυ Í

o A, B, C are fitting parameters conditioned on VS30.

o Trained on California profiles.

o Others (e.g., Wirth et al. 2021) have since trained similar models on Pacific Northwest profiles. 

o Limitation: all sites with same VS30 have same VS profile.



Looking Forward: Site Response

ü What data is available to define near-surface velocity structure?

[7] Assaf, J., Molnar, S., & El Naggar, M. H. (2023). CPT-Vs correlations for post-glacial sediments in Metropolitan Vancouver. Soil 

Dynamics and Earthquake Engineering, 165, 107693.

1) Measured Vs profiles (sometimes)

2) VS30 predictions (always)

3) VS profile predictions (always)

4) CPT data (sometimes)

Many CPT-VS models are 

available, including some that 

are region specific [7]
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Looking Forward: Site Response

ü Approach in absence of site-specific VS profile:

1) Predict VS30 by Geyin and Maurer (2023)

2) Predict VS-depth by Wirth et al. (2021)
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Looking Forward: Site Response

ü Approach in absence of site-specific VS profile:

1) Predict VS30 by Geyin and Maurer (2023)

2) Predict VS-depth by Wirth et al. (2021)

3) When available, predict VS-depth via 

ensemble of 6 CPT-VS models
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Looking Forward: Site Response

ü Approach in absence of site-specific VS profile:

1) Predict VS30 by Geyin and Maurer (2023)

2) Predict VS-depth by Wirth et al. (2021)

3) When available, predict VS-depth via 

ensemble of 6 CPT-VS models

4) Update regional model
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Looking Forward: Site Response

ü Total-stress site-response analyses performed via PySeismoSoil (Asimaki and Shi, 2017)

ü Hybrid Hyperbolic soil model; properties estimated from VS in each layer

ü Both EQL-FD and NL analyses performed (NL adopted)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

P
G

A
N

L
(g

)

PGAEQL-FD (g)

0.0 - 0.1

0.1 - 0.4

> 0.4

1:1 line

��peak (%)

Median peak shear strain (%) across 30 simsNL vs EQL-FD PGAs for 400 sites, 30 sims


