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$4.6 trillion annual economic activity ~ %4 of national economy
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CASCADING SEISMIC TSUNAMI EVENTS

2011 Japanese Earthquake and Tsunami

Damage to the 10 m deep Berth 3-2 in the
Third Wharf Area of Onahama Port.
Sugano et al (2014)

Damage to the Omoe Fishing Port, Omoe. Water Level at Fishing Port, Omoe.
Credits: H. Yeh Credits: H. Yeh
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OBJECTIVES

1. Develop deterministic and probabilistic seismic and tsunami multi-hazard
analyses of open type wharves (NSF-funded Cascadia CoPes Hub

Project)

2. Develop models of tsunami-structure interaction for open type wharves
during tsunami inflow stage

3. Characterize structural response to cascading seismic and tsunami loads

4. Provide recommendations for the design of open type wharves that are in
tsunami prone regions.
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The cascading impacts of megathrust earthquakes

Connecting ground shaking and tsunamis in the Cascadia Subduction Zone

Coupled time-dependent 3D earthquake & tsunami simulations w USGS @
merme for & chamging world '

oy (F 00

Earthquake Scenario Output Ground Shaking Tsunaml Slmulatlon
‘ : 50°N SN ;

S0°N 50 5

52 scenarios in a logic
tree being computed for
the earthquake

48°N 48 1

*  Using the same earthquake
N m ol * source in both the shaking
. and tsunami simulations,
» o £ gives better understanding
o ) N =" of the time dependent
"~ cascading hazards
42N @ | §.. associated with megathrust
A8 earthquakes
Olew  veew  vew | 1zw L e {"1
T Ty e Harold Tobin, Madeleine Lucas, Anna Ledeczi, Erin Wirth, Audrey

Z Velocity (cm/s) Dunham, Randall LeVeque , Yong Wei and other collaborators
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SITE RESPONSE
CASCADIA : : ANALYSIS
SUBDUCTION Accelerations time
ZONE RUPTURE @ series at Bedrock . 'IIIII'I'
SCENARIOS osu
USGS INUNDATION MODEL
Displacement time
series at Bedrock “m
uw

WAVE IMPACT
SPH MODEL Tsunami Flow velocity (U)
Flow depth (H)

I
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Ground Motion for Site
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SEQUENTIAL EQ-TSUNAMI SOIL

STRUCTURE INTERACTION MODEL
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o E% E% ci}D Wave gauge, WG
Creacoment S B e
boutdary — " ;,m - W . UFFras:?mr: wave gauge, USWG
Piston-type a 0 A = ASSAcA o Velocimeter, ADV
wawve maker -, E ,,._:3 % ﬂ%ﬁ
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k—— 14.275 — 10.973 + 14.630 & 36.570 %‘1% 7.354 —

(b) Structure subjected to different wave loading (Alam et al. 2020) (c) Pressure gauge layout (Alam et al. 2020)
2025 PEER ANNUAL MEETING 10
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NUMERICAL MODELING
Smoothed Particle Hydrodynamics Fluids: Continuum system

NS-SPH scheme
= Mass conservation

Ke rne | Base d - Particle Discretization o ._""j:
Solution

- Momentum conservation ‘_ -
Continuum Mesh Discretization
Lagrangian "
A B e ¥
@ () |

- Energy conservation

Fluids: Discrete system - /- \ﬂ -
- Tait's Equation of State W ST e
= Weakly Compressible condition >\ Dominguez et al. 2022
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VALIDATION

Animation SPH Model

FRAME: : &10.

0000 5 i 1 5e+01
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| VALIDATION

Free Surface Elevation (Broken Wave)
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Parameter | Min Max
Viscosity 0.005 | 0.05
DDT 0.01 0.25

Hsph/dp 1.5 2.3

RRMSE - FREE SURFACE
ELEVATION TIME SERIES

RRMSE - PRESSURE TIME SERIES
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APPLICATION EXAMPLE

* Location:
* Hatfield Marine Science Building, OSU, Newpor’r OR
(Yaquina Bay)

* Available Site Data: -
(Courtesy of GRI) ‘q e |
* VS Borehole logging hY
 CPT
* SPT

Newport, OR
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APPLICATION EXAMPLE- STRUCTURE
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(a) Plan view (b) Elevation view

Structure Model: Courtesy of W. (Bill) Bruin, SGH.
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SEISMIC MODEL

« DEEPSOIL Model:
« Ground Motion — Site Response Analysis

PEER

- Buried Locking — Str 10 — Deep SAND (LOOSE) il
SAND 47 §
55 Response Spectrum (MEDIUM) 7 H
2 SAND (DENSE) 18 ft
"ooPSA 208 ft Y
E 1.5 PSA (g) @ 75ft v 20 ft
E} 1 ’ ——PSA (g) Input
MUDSTONE 100 ft
0.5 o X [d]
0 —— ELASTIC _
0 1 2 3 4 HALFSPACE
Period [s] time

SOIL PROFILE
Courtesy of: GRI
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WAVE IMPACT MODEL

* Input for SPH Model:

« Tsunami inundation models (GeoCLAW) &
(52 Scenarios)
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Vel Magnitude
° Example Scenario- 00e+0002 04 04 08 1 1.3e+00

Buried Locking — Str 10 — Deep
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* Input for OpenSees Model:
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OPENSEES MODEL

- Material: Elastic, pressure independent L, OF Fixed
multi-yield, pressure dependent multi-yield '

- Piles and girders
- 2D, 3D - (Elastic Beam-Column -Fiber)

PEER

|

Pile Node
; T
Pile Element MN\’}/‘/
\ %
—

—Z spring

Soil Mesh

—y spring

w\/\g\/
>
.

I %/‘/ Q —Z8p rin g

Figure 8. Soil-structure interaction springs (p—y, -z, and Q-2).
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*Include tsunami pressure

=~
3

CHIARAMONTE, (2013)
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SUMMARY

 SPH models were validated
o Broken Wave
o Unbroken Wave
o Sensitivity Analysis

PEER

» Application Example

o Pressure Fields demands are obtained from a full-scale rigid
structure model (SPH).
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FUTURE WORK

» Tsunami modeling (Define set of cases to run)

» Cascading loading modeling:

o Apply DualSPHysics pressure time-series on nonlinear
OpenSees soil-structure interaction models

o Perform cascading, sequential earthquake and tsunami loading
analysis (SSI, nonlinear time history analyses) to assess
damage states of the structure.

2025 PEER ANNUAL MEETING
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