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Need for simulated ground motions 

4

Kenneth W. Campbell and Yousef Bozorgnia (2014) 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.

Ground motions can be simulated for specific fault 
geometries and include the region-specific characteristics 
of the wave propagation problem. 

IM EDP DM DV



Generating simulated ground motions
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o Site-based models
• Stochastic

o Source-based models
• Deterministic
• Stochastic
• Hybrid

(Gasparini 
and Vanmarke
, 1976)



Validating simulated ground motions

8

Oberkampf, W. L., Trucano, T. G., and Hirsch, C., 2002. Verification, 
validation, and predictive capability in computational engineering and 
physics

o Key Issues in validation of simulated motions 
• Independent of simulation method
• Dependent on engineering application

o Key steps in validation of simulated motions 
• Identify validation parameters.
• Obtain best estimate of the validation 

parameters.
• Compare validation parameters for 

simulated motions against their best 
estimate.

• Judgement.



Validating simulated ground motions
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a)Comparison between waveform shapes. (comparing wiggles)

b)Spectral Acceleration and EDPs of recorded data from past earthquakes. (Sarec to Sasim, EDPrec
to EDPsim) 

c) Enhanced Intensity Measures of recorded data from past earthquakes. (RZZrec to RZZsim) 

d)Intensity Measure of simulated motions to empirical ground motion models. (IMsim to IMGMPE)

e)Enhanced Intensity Measures of simulated motions to empirical ground motion models. 
(RZZsim to RZZGMPE)

f)EDP conditioned on similarity of response spectra. (conditioned on similarity of Sarec to Sasim)



Problem Statement
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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?



Approach
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CyberShake 
15.12 

(All Sites)

Recorded 
GM Sites

Selected 
CyberShake 

Sites

Identified distribution of event parameters 
(θ) in the past years from NGAWest2
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One catalogue of 
recorded ground 
motions.

100 catalogues of 
simulated ground 

motions.

Similar statistics of 
event parameters (θ)
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Approach



DRD Model Parameters
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RZZ Parameters:𝐑𝐑𝐑𝐑𝐑𝐑(𝐼𝐼𝑎𝑎, 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 ,𝐷𝐷5−95, 𝑒𝑒𝑒𝑒𝑒𝑒. )






95% Arias Intensity

5% Arias Intensity

30% Arias Intensity𝑹𝑹𝑹𝑹−𝟗𝟗𝑹𝑹

𝑻𝑻𝒎𝒎𝒎𝒎𝒎𝒎

DRD Model Parameters
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RZZ Parameters:𝐑𝐑𝐑𝐑𝐑𝐑(𝐼𝐼𝑎𝑎, 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚,𝐷𝐷5−95, 𝑒𝑒𝑒𝑒𝑒𝑒. )



95% Arias Intensity

5% Arias Intensity

30% Arias Intensity𝑹𝑹𝑹𝑹−𝟗𝟗𝑹𝑹

𝑻𝑻𝒎𝒎𝒎𝒎𝒎𝒎

𝑻𝑻𝒎𝒎𝒎𝒎𝒎𝒎

2𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜𝑛𝑛𝑒𝑒𝑜𝑜 𝑃𝑃𝑜𝑜𝑃𝑃𝑃𝑃𝑛𝑛𝑜𝑜𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐹𝐹𝑃𝑃𝑒𝑒 → 𝑓𝑓(𝑒𝑒)

DRD Model Parameters
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RZZ Parameters:𝐑𝐑𝐑𝐑𝐑𝐑(𝐼𝐼𝑎𝑎, 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚,𝐷𝐷5−95, 𝑒𝑒𝑒𝑒𝑒𝑒. )

fmid

f’
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Event Parameters:𝛉𝛉(𝑀𝑀,𝑅𝑅,𝑉𝑉𝑠𝑠𝑠𝑠, 𝑒𝑒𝑒𝑒𝑒𝑒. ) RZZ Parameters:𝐑𝐑𝐑𝐑𝐑𝐑(𝐼𝐼𝑎𝑎, 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 ,𝐷𝐷5−95, 𝑒𝑒𝑒𝑒𝑒𝑒. ) EDP: 𝑅𝑅𝑜𝑜𝑒𝑒𝑅𝑅𝑅𝑅𝐷𝐷𝑅𝑅

𝐥𝐥𝐥𝐥(�𝑬𝑬𝑹𝑹𝑬𝑬) = 𝒇𝒇𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒎𝒎𝒎𝒎𝒅𝒅 + 𝒇𝒇𝒇𝒇𝒇𝒇𝑹𝑹 + 𝒇𝒇𝒉𝒉𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒅𝒅𝒎𝒎𝑹𝑹𝒎𝒎 + 𝒇𝒇𝒅𝒅𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒉𝒉𝒉𝒉𝒓𝒓 + 𝒇𝒇𝒎𝒎𝒎𝒎𝒓𝒓

𝐥𝐥𝐥𝐥 �𝑬𝑬𝑹𝑹𝑬𝑬 = 𝒇𝒇𝑰𝑰𝒎𝒎,𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝑰𝑰𝒎𝒎,𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒇𝒇𝒎𝒎𝒎𝒎𝒎𝒎,𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒇𝒇𝒎𝒎𝒎𝒎𝒎𝒎,𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒇𝒇𝒇𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒇𝒇𝒇𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝑻𝑻𝒎𝒎𝒎𝒎𝒎𝒎,𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝑻𝑻𝒎𝒎𝒎𝒎𝒎𝒎,𝒎𝒎𝒎𝒎𝒎𝒎

𝐥𝐥𝐥𝐥(�𝑹𝑹𝑹𝑹𝑹𝑹) = 𝒇𝒇𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒎𝒎𝒎𝒎𝒅𝒅 + 𝒇𝒇𝒇𝒇𝒇𝒇𝑹𝑹 + 𝒇𝒇𝒉𝒉𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒅𝒅𝒎𝒎𝑹𝑹𝒎𝒎 + 𝒇𝒇𝒅𝒅𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒉𝒉𝒉𝒉𝒓𝒓 + 𝒇𝒇𝒎𝒎𝒎𝒎𝒓𝒓

Fitted Normal 
Distribution

100 CyberShake 
Simulations

Recorded GMsDoes the coefficient of each f for 
the recorded catalogue fall within 

±2σ of the same coefficient of 
the simulated catalogues

Approach
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Approach Sample
For internal use

Each Sim.
Dist. Sim.
Med. Sim
The Rec.
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Event Parameters:𝛉𝛉(𝑀𝑀,𝑅𝑅,𝑉𝑉𝑠𝑠𝑠𝑠, 𝑒𝑒𝑒𝑒𝑒𝑒. ) RZZ Parameters:𝐑𝐑𝐑𝐑𝐑𝐑(𝐼𝐼𝑎𝑎, 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 ,𝐷𝐷5−95, 𝑒𝑒𝑒𝑒𝑒𝑒. ) EDP: 𝑅𝑅𝑜𝑜𝑒𝑒𝑅𝑅𝑅𝑅𝐷𝐷𝑅𝑅

𝐥𝐥𝐥𝐥(�𝑬𝑬𝑹𝑹𝑬𝑬) = 𝒇𝒇𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒎𝒎𝒎𝒎𝒅𝒅 + 𝒇𝒇𝒇𝒇𝒇𝒇𝑹𝑹 + 𝒇𝒇𝒉𝒉𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒅𝒅𝒎𝒎𝑹𝑹𝒎𝒎 + 𝒇𝒇𝒅𝒅𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒉𝒉𝒉𝒉𝒓𝒓 + 𝒇𝒇𝒎𝒎𝒎𝒎𝒓𝒓

Fitted Normal 
Distribution

100 CyberShake 
Simulations

Recorded GMs

Relations between the Event parameters 
and EDP for recorded and simulated GMs 

tend to be statistically similar
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Event Parameters:𝛉𝛉(𝑀𝑀,𝑅𝑅,𝑉𝑉𝑠𝑠𝑠𝑠, 𝑒𝑒𝑒𝑒𝑒𝑒. ) RZZ Parameters:𝐑𝐑𝐑𝐑𝐑𝐑(𝐼𝐼𝑎𝑎, 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 ,𝐷𝐷5−95, 𝑒𝑒𝑒𝑒𝑒𝑒. ) EDP: 𝑅𝑅𝑜𝑜𝑒𝑒𝑅𝑅𝑅𝑅𝐷𝐷𝑅𝑅

Relations between the RZZ parameters and 
EDP for recorded and simulated GMs tend to 

be statistically similar (and sufficient)

𝐥𝐥𝐥𝐥 �𝑬𝑬𝑹𝑹𝑬𝑬 = 𝒇𝒇𝑰𝑰𝒎𝒎,𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝑰𝑰𝒎𝒎,𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒇𝒇𝒎𝒎𝒎𝒎𝒎𝒎,𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒇𝒇𝒎𝒎𝒎𝒎𝒎𝒎,𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒇𝒇𝒇𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒇𝒇𝒇𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝑻𝑻𝒎𝒎𝒎𝒎𝒎𝒎,𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝑻𝑻𝒎𝒎𝒎𝒎𝒎𝒎,𝒎𝒎𝒎𝒎𝒎𝒎

Fitted Normal 
Distribution

100 CyberShake 
Simulations

Recorded GMs
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Event Parameters:𝛉𝛉(𝑀𝑀,𝑅𝑅,𝑉𝑉𝑠𝑠𝑠𝑠, 𝑒𝑒𝑒𝑒𝑒𝑒. ) RZZ Parameters:𝐑𝐑𝐑𝐑𝐑𝐑(𝐼𝐼𝑎𝑎, 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 ,𝐷𝐷5−95, 𝑒𝑒𝑒𝑒𝑒𝑒. ) EDP: 𝑅𝑅𝑜𝑜𝑒𝑒𝑅𝑅𝑅𝑅𝐷𝐷𝑅𝑅

Validation of simulated motions based on 
RZZ parameters is ~stringent

𝐥𝐥𝐥𝐥(�𝑹𝑹𝑹𝑹𝑹𝑹) = 𝒇𝒇𝒎𝒎𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒎𝒎𝒎𝒎𝒅𝒅 + 𝒇𝒇𝒇𝒇𝒇𝒇𝑹𝑹 + 𝒇𝒇𝒉𝒉𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒅𝒅𝒎𝒎𝑹𝑹𝒎𝒎 + 𝒇𝒇𝒅𝒅𝒎𝒎𝒎𝒎 + 𝒇𝒇𝒉𝒉𝒉𝒉𝒓𝒓 + 𝒇𝒇𝒎𝒎𝒎𝒎𝒓𝒓



Next Steps
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o Repeat for 3 other bridge structures.

o Conduct a similar study but using 
Broadband simulations (event 
parameters of the simulation 
catalogues will be identical to the 
recorded one). 

o Develop a validation test 
for simulated ground 
motions intended for the 
performance assessment 
of ordinary bridges. 
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Thank You

http://www.businesscoachmichaeldill.com/do-you-have-what-it-takes-to-reach-the-
summit/

http://www.businesscoachmichaeldill.com/do-you-have-what-it-takes-to-reach-the-summit/
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