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Intellectual Question & Industry Needs

o Need for simulated ground motions

(why) -
o Generating simulated ground motion time-series
(how) »

o Validating simulated ground motion time-series

(where & when) -i
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Why simulated ground motions
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Kakoty P, Zareian F. Quantification of downtime in a highway network during moderate seismic events. Proceedings of the 11™ National Conference on Earthquake Engineering, Earthquake

Engineering Research Institute, Los Angeles, CA. 2018.
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Sources: Japan Meteorological Agency, Times reporting
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How to generate simulated ground motions

/
./’

o Site-based models /“1“- AR
. Generator E % ~,‘; ‘.:
+  Stochastic L g

o Source-based models R

« Deterministic g . ?
« Stochastic —> R —

Time (s)

« Hybrid
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Ground Motion Simulation Validation

o Key issues in GMSV

Independent of the simulation method -—
Dependent on engineering application Qualitication

REALITY }\

Analysis
. A 'S
o Key steps in GMSV Modd | Compute { CEEEPTIAL J
. Identify validation parameters. (RZZ) ' rograsing
« Obtain an estimate of the validation (comaggé?_lzso]"
parameters for recorded motions. (GMPE) Model
« Compare validation parameters for Chetampi .. Oeand 54, Rutheford .- Digr K,

Alvin K.F., Error and uncertainty in modeling and simulation,

S | mu I a ted m Ot| ons a g a | N St th e | I reco rd ed Reliability Engineering and System Safety, 75 (2002), p. 333-357.
estimates (Type I, I1, II Validation). iIMJ
44‘ Ji‘
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Ground Motion Simulation Validation

Problem Statement

o Can we develop a validation test for simulated >
ground motions intended for the performance /oy
assessment of ordinary bridges?

o Can we use simulated ground motions for the
performance assessment of ordinary bridges?

Galasso, C., Kaviani, P., Tsioulou, A., Zareian, F. (2018) Validation of Ground Motion Simulations for Historical Events using Skewed Bridges.
Journal of Earthquake Engineering.

@ Fayaz J., Azar S., Dabaghi M., and Zareian F. (2020). An Efficient Algorithm to Simulate Hazard-Targeted Site-Based Synthetic Ground Motions,

Earthquake Spectra

Fayaz J., Azar S., Dabaghi M., and Zareian F. (2020). “"Methodology for Validation of Simulated Ground Motions for Seismic Response
Assessment: Application to Cybershake Source-based Ground Motions.” BSSA.

Fayaz J., Rezaeian S., and Zareian F., (2021). “Evaluation of Simulated Ground Motions using Probabilistic Seismic Demand Analysis:
CyberShake (ver. 15.12) Simulations for Ordinary Standard Bridges.” Earthquake Engineering and Soil Dynamics.
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Ground Motion Simulation Validation

History of Ground Motion Simulation Validation Exercises

©)

©)

Comparison between waveform shapes. (comparing wiggles)

Comparing with IMs and EDPs of recorded data from past
earthquakes.

Type I
(IMrec to IMsiml ED'DreC to EDPsim)

Comparing IM of simulated motions to empirical ground motion
models.

(IMsim to IMGMM/ ’ EDPrec to EDPGMM) TYPe t

Comparing EDP|IM from simulation and recorded ground motion

databases. (EDP.;,|IM to EDP,..|IM) Type II JJ“IW,,
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Bridge Model
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Fayaz, J., Riquelme, M., Zareian, F. (2020) Sensitivity of The Response of Box-Girder Seat-Type Bridges to the Duration of Ground Motions Arising from Crustal and Subduction

Earthquakes. Journal of Engineering Structures

Omrani, R, Mobasher, B., Zareian, F., Taciroglu, E. (2017) Variability in The Predicted Seismic Performance of A Typical Seat-Type California Bridge Due to Epistemic Uncertainties in Its Abutment Backfill and Shear-

Key Models. Journal of Engineering Structures,

Kaviani, P., Zareian, F., Taciroglu, E. (2012). Seismic Behavior of Reinforced Concrete Bridges with Skew-angled Seat-type Abutments. Engineering Structures
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Type I, Ground Motion Simulation Validation
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Galasso, C., Kaviani, P., Tsioulou, A., Zareian, F. (2018) Validation of Ground Motion Simulations for Historical Events using Skewed Bridges. Journal of Earthquake Engineering. PEER



Type I, Ground Motion Simulation Validation
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Galasso, C., Kaviani, P., Tsioulou, A., Zareian, F. (2018) Validation of Ground Motion Simulations for Historical Events using Skewed Bridges. Journal of Earthquake Engineering. PEER



Type I, Ground Motion Simulation Validation
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The Jack Tone Road Overhead

T Bridge C: Three-Span Multi-Column -
-Spans: 156 ft + 144 ft + 118 ft

Bridge A: Two-Span Single-Column ~ §

B - Spans: 108 ft + 112 ft
2 o « Located in the City of Ripon 2 - - Located in the City of Ripon
«Builtin 2001 +Builtin 2001

8 I : 3 | :
" ¢ g > 1 -
! E +++ -+ + L | | B + b5~
— B S ks By +t ++7 .- L o o T 7. S 1 #iE
2] : 7)) L A
'8 Of%0a ©oAa ©°A ©oA goA  OoAT '8 Qfe°4 moa oA g®4 @O© oOA,
< { = : :
* . X + o + o} - ++ |
g LT t++ | £y +++ +4++ fid g _+++ o Ho% Lk 1] - y
(7)) _1 & 2| (7)) 1 i 4
~— ~ -
= [ 2 = I |
2t d of i
i [ o Skew angle = 0° © Skew angle = 30° A Skew angle = 60°|: - | O Skew angle = 0° O Skew angle = 30° A Skew angle = 60°|"

Galasso, C., Kaviani, P., Tsioulou, A., Zareian, F. (2018) Validation of Ground Motion Simulations for Historical Events using Skewed Bridges. Journal of Earthquake Engineering.
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Type III, Ground Motion Simulation Validation

Bridge Location and Initial Design
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Ground Motion Parameters

Rezaeian, S., Zhong, P., Hartzell, S., Zareian, F. Validation of
Simulated Earthquake Ground Motions Based on Evolution of
Intensity and Frequency Content. Bulletin of the Seismological
Society of America,

Arias Intensity

RZZ Parameters: RZZ(1,, fmid, Ps—os, €tc.)

0.06 0.06
0.04 0.04
— —_
S 0.02 S 002
2 2
o 0.00 < 0.00
= =
© -0.02 Q" -0.02
-0.04 -0.04
-0.06 -0.06
0 10 15 20 25 30 0 5 10 15 20 25 30
Time (t) (sec) Time (t) (sec)
0.010
0.008
—
-~
o
>
> 0.006
+
N x 0.004
©
-
0.002
0.0005 5 10 15 20 25 30
Time (t) (sec)
100
‘06 —_—
N
% 80
st
2%
g 60
=4
8o
S
=U 40
Eo
ES
3 20
o N
0
5 10 15 20 25 30

o

Time (t) (sec)

sl

PEER



Ground Motion Parameters
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Type III, Ground Motion Simulation Validation

Bridge Location and Initial Design
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Fayaz J., Azar S., Dabaghi M., and Zareian F. (2020). An Efficient Algorithm to Simulate Hazard-Targeted Site-Based Synthetic Ground Motions, Earthquake Spectra
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Type II, Ground Motion Simulation Validation
(Reglonal)
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Fayaz J., Azar S., Dabaghi M., and Zareian F. (2020). “Methodology for Validation of Simulated Ground Motions for Seismic Response Assessment: Application to Cybershake Source-based Ground Motions.” BSSA. PEER




Type II, Ground Motion Simulation Validation
(Regional)

Approach _— —
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20
Fayaz J., Azar S., Dabaghi M., and Zareian F. (2020). “"Methodology for Validation of Simulated Ground Motions for Seismic Response Assessment: Application to Cybershake Source-based Ground Motions.” BSSA. PEER



Type II, Ground Motion Simulation Validation

(Regional)
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Fayaz J., Azar S., Dabaghi M., and Zareian F. (2020). “"Methodology for Validation of Simulated Ground Motions for Seismic Response Assessment: Application to Cybershake Source-based Ground Motions.” BSSA.
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Type II, Ground Motion Simulation Validation
(Hazard)

- Mean Annual Frequency (MAF) of Spectral Acceleration and EDPs.
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+ EDP 4+ Sa
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Fayaz J., Rezaeian S., and Zareian F., (2021). “Evaluation of Simulated Ground Motions using Probabilistic Seismic Demand Analysis: CyberShake (ver. 15.12) Simulations for Ordinary PEER
Standard Bridges.” Earthquake Engineering and Soil Dynamics.



Type II, Ground Motion Simulation Validation
(Hazard)
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Fayaz J., Rezaeian S., and Zareian F., (2021). “Evaluation of Simulated Ground Motions using Probabilistic Seismic Demand Analysis: CyberShake (ver. 15.12) Simulations for Ordinary PEER

Standard Bridges.” Earthquake Engineering and Soil Dynamics.



Type II, Ground Motion Simulation Validation
(Hazard)
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Fayaz J., Rezaeian S., and Zareian F., (2021). “Evaluation of Simulated Ground Motions using Probabilistic Seismic Demand Analysis: CyberShake (ver. 15.12) Simulations for Ordinary
Standard Bridges.” Earthquake Engineering and Soil Dynamics.
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Summary

v’ Simulated GMs are here to stay.
v’ Types of validation.
v'GM simulation validation is highly application dependent.

v’ Parameters and Metrics for waveform validation are
proposed and utilized for improvement of simulation
models.
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Questions

“Amateurs Practice Until They Get It Right;
Professionals Practice Until They Can’t Get It Wrong”
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