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Validation Methodologies

Historical events ]- N

O Station-by-station inspection
O Seismogram waveforms comparison
O Use of well-constrained GMMs

J Records from consistent events are

0 GMMs are not well constrained
O The expected GMs characteristics
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EQSIM/CESER Ground Motions Assessment and Acceptance

Four-step methodology

Step 1: Selection of a population of real records
consistent with the simulated scenarios

Step 2: Comparison of the distribution of IMs
from the simulated records, real
records, and GMMs

Step 3: Comparison of the distribution of simple
proxies for infrastructure response

Step 4: Comparison of the distribution of
engineering demand parameters for a
realistic model of a structure.

Acceptance criteria

Application-oriented
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Methodology overview: Step 1

o Moment magnitude, M, 10 ____ Faulting mechanism The variability resulting from the uneven
sampling of earthquakes is evaluated with
a linear mixed-effects model.
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Methodology overview: Steps 2 & 3

-------- Real Records
— Simulated Records
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Application-specific
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Develop informed judgment on
where the simulated motions
exhibit limitations and where they
can be used with confidence
Application-specific selection of the
metrics for validation



Methodology overview: Step 4
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U Understand how the identified

characteristics of the SGMs can
reflect in the median predictions of
structural response, for an informed
application-specific utilization of the
motions




San Francisco Bay Area Gen #1

Assess the implications introduced by the use of site-specific simulated motions as opposed to real records in ASCE-7 compliant approaches (3-story
RC building).

| Site A

Real ground motions.

71 ~

Simulated ground motions
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O Site-specific analyses
allowed identifying features
of the SGMs that are specific
to the simulated event and
site location (e.g., in the
proximity of the e fault)

PSA(5% damping) [g]

Period [s]

Matinrad, P., & Petrone, F. (2023). “ASCE/SEI 7-compliant site-specific evaluation of the seismic demand posed to reinforced concrete buildings with real and simulated ground motions.”
Earthquake Engineering and Structural Dynamics. https://doi.org/10.1002/ege.3995
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San Francisco Bay Area Gen #2 (20 realizations)

. . Rupture Slip Rise Time 4-Hz slip rate
No. Tag Hypocc:;nter High slip Velocity min/avg/max min/avg/max min/avg/max
location patch (Y/N)
factor (cm) (sec) (cm/sec)
1 R1 North Y 0.82 0/129/525 0/2/3 0/513/1423
2 R2 South N 0.82 0/121/429 0/1/3 0/538/1260
3 R3 South Y 0.72 0/138/506 0/2/3 0/571/1458
4 R5 South N 0.82 0/124/454 0/2/3 0/513/1238
5 R6 South Y 0.82 0/129/525 0/2/3 0/513/1423
6 R9 North N 0.82 0/124/454 0/2/3 0/513/1238
7 R10 North N 0.82 0/121/429 0/1/3 0/538/1260
8 R11 South N 0.65 0/124/454 0/2/3 0/513/1238
9 R12 South N 0.75 0/123/447 0/2/3 0/527/1247
10 R13 South N 0.75 0/121/482 0/2/3 0/523/1325
11 R14 North N 0.75 0/120/434 0/1/3 0/527/1192
12 R15 North Y 0.82 0/127/478 0/2/4 0/518/1273
13 R16 South Y 0.65 0/129/525 0/2/3 0/513/1423
14 R17 South Y 0.72 0/129/525 0/2/3 0/564/1576
15 R19 South Y 0.82 0/129/525 0/2/3 0/563/1564
16 R20 South Y 0.72 0/140/557 0/2/3 0/558/1445
17 R21 South Y 0.72 0/129/525 0/2/3 0/562/1539
18 R22 South N 0.82 0/120/449 0/1/3 0/526/1288
19 R23 North N 0.82 0/123/447 0/2/3 0/527/1247
20 R24 North N 0.72 0/123/447 0/2/3 0/527/1247

O Small-scale stochastic rupture variability + high-slip patches

O Min Vs = 250 m/sec
O Maxf=5Hz
O Mw7

Example of mirrored realizations

o Slip (cm) 0/121/429
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Aggregated GMs for the Full Domain across all Realizations

Selected IMs: PSA and PGV

2,301 stations sampled
on a 2-km grid
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San Francisco Bay Area Gen #2
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Subdomains analysis: case of ‘mirrored’ realizations

Realization 2
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V¢min IN SFBA simulations
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Lessons Learned and Ongoing Work...

O Establish a feedback loop with seismologists to inform potential updates of
simulation models/methods, based validation studies that look at (1) multiple
metrics and (2) implications on infrastructure response assessments.

Metadata

O Provide clear guidance on the appropriate utilization of simulated ground
motions in engineering domains
o Max resolved frequency
Min shear wave velocity
Incorporation of nonlinearities (modeling approach)
Evidence from validation across multiple metrics (e.g., bandwidths for GM
utilization)

O O O

A Current work is extending the application of the proposed validation methodology to a larger
set of empirical models (non ergodic) and the incorporation of uncorrelated rupture
models.



