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Need for simulated ground motions

Moment Magnitude
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Kenneth W. Campbell and Yousef Bozorgnia (20714) NGA-West2 Ground Motion Model
for the Average Horizontal Components of PGA, PGV, and 5% Damped Linear

Acceleration Response Spectra. Earthquake Spectra: August 2014, Vol. 30, No. 3, pp.
1087-1115.
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Ground motions can be simulated for specific fault
geometries and include the region-specific characteristics
of the wave propagation problem.




UCI

Generating simulated ground motions

o Site-based models —
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Validating simulated ground motions

o Key Issues in validation of simulated motions

* Independent of simulation method

Model
Qualification

)

* Dependent on engineering application [ —— ]
Analysis
o Key steps in validation of simulated motions ‘ ‘~‘
 Identify validation parameters. Nodel ;;’:;,f;';:;; [ o=
 (Obtain best estimate of the validation : prggm;nis;g

-

COMPUTERIZED

parameters.
MODEL

« Compare validation parameters for
simulated motions against their best

Model

Verification

e Stl m ate . Oberkampf, W. L., Trucano, T. G., and Hirsch, C., 2002. Verification,
validation, and predictive capability in computational engineering and

physics
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Validating simulated ground motions

a)Comparison between waveform shapes. (comparing wiggles) WMUFW

b)Spectral Acceleration and EDPs of recorded data from past earthquakes. (Sa,.. to Sa,;,,, EDP,,,
to EDP

sim)

c) Enhanced Intensity Measures of recorded data from past earthquakes. (RZZ,,.to RZZ,)

d)Intensity Measure of simulated motions to empirical ground motion models. (IM,;,, to IM )

e)Enhanced Intensity Measures of simulated motions to empirical ground motion models.
(RZZ,;, t0 RZZgp,p¢)

f)EDP conditioned on similarity of response spectra. (conditioned on similarity of Sa,,..to Sa,;,)



UCI

Problem Statement

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

o Can we use physics-based simulated ground
motions for the performance assessment of
ordinary bridges?
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Approach
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Approach
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Approach
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Approach
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RZZ Parameters: RZZ(1,, fimia, Ds—9s, €tc.)
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Arias Intensity

RZZ Parameters: RZZ(1,, fimia, Ps—9s, €tc.)
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Approach
/

—

Event Parameters: (M, R, Vg3, etc. )= RZZ Parameters: RZZ(1,, friq, Ds—os, etc.) =g EDP: Rot50CDR

I ln(EDP):fmag+fdis+fflt+fhng+fsite+fsed+fhyp+fdip I

I ln(RZZ) :fmag+fdis+fflt+fhng+fsite+fsed+fhyp+fdip I

| ln(EDP) = fIa,maj + fIa,min + ffmid,maj + ffmid,min + ff’maj + ff’min + meid,maj + meid,min |

Does the coefficient of each f for
the recorded catalogue fall within
+20 of the same coefficient of
the simulated catalogues

Fitted Normal
Distribution

+1o0

+2 o0

100 CyberShake

Simulations

Recorded GMs [

Coefficient of Fitting Function (f)
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Approach
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The La Veta Avenue Overcrossing

UCI

Results

Bridge B: Two-Span Multi-Column

+Spans: 155 ft + 145 ft
-Located in the City of Tustin
-Builtin 2000

/ \

Event Parameters: (M, R, V3, etc.) RZZ Parameters: RZZ(1,, fmid,» Ds—os, €tc.) EDP: Rot50CDR

I ln(EDP):fmag+fdis+fflt+fhng+fsite+fsed+fhyp+fdip I

Fitted Normal 100 CyberShake
Distribution Simulations |

T +10 Recorded GMs [
] 2o i

PDF

Relations between the Event parameters
and EDP for recorded and simulated GMs
tend to be statistically similar

Coefficient of Fitting Function (f)
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The La Veta Avenue Overcrossing

UCI

Results

Bridge B: Two-Span Multi-Column

+Spans: 155 ft + 145 ft
-Located in the City of Tustin
-Builtin 2000

Event Parameters: (M, R, V3, etc.) RZZ Parameters: RZZ(I,, fniq, Ds—os, etc. ) = EDP: Rot50CDR

| ln(EDP) = fIa,maj + fIa,min + ffmid,maj + ffmid,min + ff’maj + ff’min + meid,maj + meid,min

. Fitted Normal 100 CyberShake
fr mid;maj fr mid;min mi Distribution X Simulations |
/ x T +10 Recorded GMs [
/ / ] +20 [

PDF

Relations between the RZZ parameters and
EDP for recorded and simulated GMs tend to " Coefficient of Fitting Function (f)
be statistically similar (and sufficient)

21




The La Veta Avenue Overcrossing

UCI

Bridge B: Two-Span Multi-Column

+Spans: 155 ft + 145 ft
-Located in the City of Tustin
-Builtin 2000

e N
Results

Event Parameters: O(M, R, V3, etc. )= RZZ Parameters: RZZ(I,, fniqa, Ds—os, €tc.) EDP: Rot50CDR

ln(RZZ) =fmag+fdis+fflt+fhng+fsite+fsed+fhyp+fdip
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Validation of simulated motions based on
RZZ parameters is ~stringent
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( The Jack Tone Road On-Ramp Overcrossing ™\
Bridge A: Two-Span Single-Column :

+Spans: 108 ft + 112 ft
+ Located in the City of Ripon

+ Built in 2001

Next Steps .

(

o Repeat for 3 other bridge structures. | Zauns .

+Builtin 2000

N
-

The Jack Tone Road Overhead\

o Conduct a similar study but using TR ——~ - e,

»Spans: 156 ft + 144 ft + 118 ft —
| i

-Located in the City of Ripon

Broadband simulations (event e
parameters of the simulation .
catalogues will be identical to the | Zawiswa™ ™"
recorded one).

o Develop a validation test

Purpose  Scenarios for simulated ground

motions intended for the

performance assessment
of ordinary bridges.
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Thank You
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